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Abstract: Buildings are responsible for at least 40% of energy use in most countries. In Egypt, energy use in
buildings has grown in the last 20 years mainly due to the increases of population, number of households, as well
as increase in service demand, such as more air conditioners, more computers, and larger houses. Therefore,
various improved technology, such as energy efficient building shells, appliances, and building designs, are
strongly expected to control energy consumption in residence and commercial sectors.
Meanwhile, Low Carbon Building technologies can be classified into three key areas: building materials,
renewable energy for buildings and building design. These technologies are relevant for all residential,
commercial and industrial buildings. They are relevant for new as well as retrofitted existing buildings.
Under these circumstances, the main goal of this paper is to develop a practical platform for applying the key of
building material to improve the building energy efficiency in Egypt. Eventually, the research discusses the
following objectives:

The past experience of vernacular architecture.
Whether there are significant differences in initial embodied energy of different building material in two
residential buildings.

The comparison between the vernacular and the modern examples in their building materials, can achieve a
satisfactory result on reducing (59,77%) of the total CO2 emissions. Vernacular buildings require similar
amounts of energy and result in similar levels of CO2 emissions, both being much more than the equivalent
values for modern building.

Keywords: Low carbon emissions, Construction materials, Residential building, Egypt.

Nomenclature                                                      Abbreviations 
TE Thermal Energy ............................... MJ/Kg
mm Millimeter (Dimension of Building

Material)  .............................................. mm
MJ Mega joule per cubic meter ............... mj/m3

EI Energy Intensity ..........................MJ/ton.km
T mean temperature ..................................... C
V  volume of building material used .......... m3
D  Density of the building material ....... kg/m3
C  Embodied carbon emission  ..... kg CO2/ ton 

LCB  .................................. Low carbon Building
CO2  .......................................... Carbon Dioxide
BEE  ......................... Building Energy Efficiency 
CH4  ...................................................... Methane
N2O  .............................................. Nitrous Oxide
F-gases ................................. Fluorinated Gases
HFCs ............................... Hydro Fluorocarbons
PFCs .................................... Per Fluorocarbons
SF6  .................................... Sulfur Hexafluoride

1. Introduction and Research Problem: 
Building energy efficiency (BEE) has come
to the forefront of political debates due to 
high energy prices and climate change 
concerns. Improving energy efficiency in 
buildings is considered to be one of the 
easiest and the lowest cost options to 
decrease a building’s energy use, owner 
operating costs, and carbon footprint. [1] In
the context of global climate change, 
“Buildings” as one of the main energy 
consumers and carbon emitters attract 

increasing attention. According to IPCC, 
[2] buildings consumed 40% of energy 
sources and led to 36% of energy related 
carbon emission in industrialized countries. 
As estimated by EIA [3].

Buildings accounted for 30.8% of global 
energy consumption.
Greenhouse gases trap heat and make the 
planet warmer. Human activities are 
responsible for almost all of the increase in 
greenhouse gases in the atmosphere over 
the last 150 years. The largest source of 
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greenhouse gas emissions from human
activities in the world is from burning fossil
fuels for electricity, heat, and 
transportation. Fig. (1) 

Figure (1): Recourses of Greenhouse Gas emissions by
Economic Sector [4]

Buildings’ construction is a major
consumer of land and raw materials. [5] It 
is also a significant user of nonrenewable 
energy and an emitter of greenhouse gases 
and other gaseous wastes [6]. According to 
data from the World Watch Institute, the 
construction of buildings consumes 40% of 
the stone, sand and gravel, 25% of the 
timber and 16% of the water used annually 
in the world. [7] The building and 
construction sector (i.e. including 
production and transport of building 
materials) in most of countries consumes
from 25% to 40% of the total energy used 
(as much as 50% in some countries). [8] 
Buildings through their construction period, 
use and demolition, consume approximately
50% of the final energy consumption in the 
members states of the European Union and 
contribute almost 50% of the CO2  
emissions released in the atmosphere,
which is considered to be the basic gas 
responsible for the greenhouse effect. [9] 
At the global scale, the key greenhouse 
gases emitted by human activities are: 

Carbon dioxide (CO2) - Fossil fuel use 
is the primary source of CO2. The way 
in which people use land is also an 
important source of CO2 emissions. The 
human-induced land usage change, such 
as de-forestation, is also an important
source of CO2. Land can remove CO2 
from the atmosphere through re-
forestation, improvement of soils, and 
other activities. 

Methane (CH4) - Agricultural activities,
waste management, and energy use all 
contribute to CH4 emissions.
Nitrous oxide (N2O) - Agricultural
activities, such as fertilizer use, are the 
primary sources of N2O emissions.
Fluorinated gases (F-gases) - Industrial
processes, refrigeration, and the use of a 
variety of consumer products contribute 
to emissions of F-gases, which include 
hydro fluorocarbons (HFCs), per 
fluorocarbons (PFCs), and sulfur 
hexafluoride (SF6). Fig. (2) 

Figure (2): Recourses of Greenhouse Gas emissions by
Gas [4]

Regarding the Greenhouse Gas Effect in 
Egypt, The first GHG inventory of Egypt 
was developed for the year 1990/91 based 
on the 1995, IPCC guidelines and default 
emission factors. The inventory was 
estimated for the main three GHGs, namely
CO2, CH4 and N2O. CO2 is the main
Greenhouse Gas in Egypt. It represents 
about 72% of the total GHG emissions in 
2005/2007. The second important
Greenhouse Gas is CH4, which represents 
19% of the total GHG emissions and lastly 
N2O at 9%. [10] 
In 2005/2007, the total net GHG emissions
were about 117000 Gg of CO2 equivalent 
while the total GHG sinks in the land–use 
and forestry sector recorded 9900 Gg of 
CO2 equivalent. With 92% dependence on 
fossil fuels, the energy sector is the major
source of GHG emissions, contributing in 
71% of the national total. 
Buildings account for nearly a fifth of 
world final end use energy consumption.
This is almost the same amount of 
greenhouse gas emissions as that produced 
by the entire transport sector. The buildings 
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sectors contribution to greenhouse gas 
emissions is mainly driven by its end use 
or, or demand for, electricity. Fig. (3) [11]
Figure (3) shows the share of Residential 
and Commercial buildings in Egypt. The 
Residential Building Sector was responsible 
for (21%) of CO2 emissions more than the 
Commercial Building. Furthermore, the 
cooling sector in residential building is 
recorded 28% of all sources of the CO2 
emission.

Figure (3): Recourses of Energy Consumptions in
Egypt [10]

2. Methodology: 
The present paper investigates the role of 
different construction materials and 
quantifies them in terms of the embodied
energy and the equivalent emissions of 
CO2 in two different buildings (Vernacular 
and Modern) buildings in Egypt. 
The aims of the current paper are to: 

Study the past experience of vernacular 
architecture in Egypt. 
Test the residential buildings made of 
sun baked mud bricks and straw. 
Whether there are significant differences 
in initial embodied energy of different 
building materials in two residential 
buildings.

3. Scope of the present study: 
Energy in buildings can be categorized into 
two types: (1) energy for the 
maintenance/servicing of a building during 
its useful life, (2) energy that goes into 
production of a building (embodied energy) 
using various building materials. Study of 
both the types of energy consumption is 
required for holistic understanding of 
building energy needs. Embodied energy of 
buildings can vary with the choice of 

building materials and building techniques. 
RC frames, RC slabs, burnt clay brick 
masonry, concrete block masonry, tile roofs
represent common conventional systems
forming the main structure of buildings in 
Egypt. Similar building systems can be 
found in many other developed and 
developing countries. Alternative building 
technologies such as stabilized mud blocks 
(SMB’s), prefabricated roofing systems,
masonry vaults, filler slab roofs, lime
pozzolana (LP) cements, etc. can be used 
for minimizing the embodied energy of 
buildings.
Embodied energy can be split into: 
1. Energy consumption in building 
materials.
2. Energy required for transportation of
building materials.
3. Energy consumed in different types of 
buildings and building systems.

4. Energy in building materials 
4.1. Basic building materials 
Energy consumed during production of 
basic building materials is given in Table 1. 
These energy values pertain to the 
production systems which is employed by 
the material manufacturers in Egypt. Total 
energy values of various basic materials
which are given in Table 1 have been used 
in the computations of energy in building 
materials/systems and buildings. [12] 
Table 1: Embodied Energy in basic materials. [13]
Type of material Thermal energy (MJ/kg)

Cement 5.85 
Lime 5.63 
LP 2.33 

Steel 42.0 
Aluminum 236.8 

Glass 25.8 

4.2. Masonry materials 
Masonry walls constitute one of the major
energy consuming components of the 
building, especially in case of load bearing 
masonry structures. Varieties of materials
are used for the construction of masonry
walls. There are five types of building 
blocks: “stone, burnt clay brick, soil–
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cement block, hollow concrete block and 
steam cured mud block”. [14] 
4.2.1. Stone block 
Stone blocks are generally produced by 
splitting the hard natural stone into 
convenient sizes. Stone blocks of size 
approximately about 180 mm × 180 mm × 
180 mm are generally termed as size stones 
in the Egyptian construction practices.
4.2.2. Burnt clay bricks 
These are commonly used for building 
construction.  The common brick size is 
230 mm × 110 mm × 60–75 mm. They 
require considerable amount of thermal
energy during the burning process. Coal, 
coal cinder and firewood are the most
commonly used fuels for brick burning in 
Egypt.
4.2.3. Hollow concrete blocks 
 The basic composition of the blocks 
consists of cement, sand and coarse 
aggregates (6 mm size). The energy content 
of the block will mainly depend upon the 
cement percentage. Energy spent for 
crushing of coarse aggregate will also 
contribute to the block energy.
4.2.4. Soil cement blocks 
These are produced by pressing a wetted 
soil–cement mixture into a solid block 
using a machine (manually operated or 
mechanized) and then cured. Soil–cement
blocks produced by employing manually
operated machines in a highly decentralized 
fashion have become increasingly popular. 

5. Energy in transportation of building 
materials

Transportation of materials is a major factor 
in the cost and energy of a building. Most 
of the building materials in urban and semi-
urban centers are transported using trucks. 
The transportation distance may vary 
depending upon the location of construction 
activity. [15] 
Natural sand and crushed stone aggregate 
consume about 1.75 MJ/m3    for every one 
kilometer of transportation distance. 
Similarly bricks require about 2.0 MJ/m3
per km travel. Assuming steel and cement
are also transported using trucks; diesel 

energy of 1 MJ/ton/km is spent during 
transportation. Thermal energy spent for 
natural sand production is nil, but it 
requires about 175 MJ of diesel energy/m3
for transporting it over 100 km distance. 
Crushed aggregate consumes about 20 
MJ/m3   during its production and an 
additional 400–800% more during 
transportation for distances of 50–100 km.
The energy spent during transportation of 
bricks is about 4–8% of its energy in 
production, for distances of 50–100 km.
Transportation energy required for hauling 
high-energy materials such as steel and 
cement is marginal when compared to the 
energy spent during production. 

6. MATERIALS & METHODS 
Four major building materials namely
cement, steel, glass and timber will be 
substituted with alternative building 
materials slag cement, recycled steel, cullet 
glass and plywood respectively. The 
amount of CO2 emission is estimated by 
referring to the total weight of different 
building materials used; multiplied by the 
CO2 emission intensity of those which are 
materials obtained from previous 
researchers. The study based on some
assumptions that the strengths of the 
traditional and alternative materials are the 
same. [16] 
The formula for calculation is expressed as 
follows: [17]

V x D x C /1000 = Amount of CO2 
emission (kg)              (Equation 1) 

Where as: 
V = volume of building material used (m3)
D =Density of the building material
(kg/m3)
C = Embodied carbon dioxide emission (kg 
CO2/ ton) 

7. Egyptian climate overview 
Annual mean temperatures increase from
around 20°C on the Mediterranean coastline
to around 24°C on the Red Sea coastline, 
25°C at Cairo and 26°C further south at 
Aswan with a seasonal variation of about 
±7°C. Typical daytime in mid-summer

rd thBuilding Simulation Cairo 2013 - Towards Sustainable & Green Built Environment, Cairo, June 23  - 24  

Page 6 / 522



Chan tecture

ranges from 30°C at Alexandria southwards 
to 41°C at Aswan; while the corresponding 
north-south ranges in mid-winter daytime
maxima is 18-23°C. This makes even 
winter daytimes in the south pleasantly 
warm and sunny. 
Climate change seems inevitable. 
According to the IPCC 2007 Synthesis 
Report, eleven of the twelve years before 
2007 (1995-2006) ranked among the twelve 
warmest years in the instrumental record of 
global surface temperature (since 1850). 
Furthermore, to maintain the temperature
rise at 2.0–2.4°C, a level to which, in 
prevailing belief, it is possible to adapt to, 
the annual greenhouse gas (GHG) 
emissions which should to be reduced by 50 
to 85% by 2050, as the decay of the GHGs 
emitted to the atmosphere is slow. [18]

8. Why Vernacular Buildings are 
Different

It is important to understand the differences 
between vernacular and modern buildings 
so that we can care for older buildings in an 
appropriate and compatible manner.
8.1. Vernacular buildings are built to

'breath'
Most vernacular buildings are built with 
stone, soft bricks, timber and earth using 
earth or lime-based mortars and renders. 
These materials allow moisture to be 
absorbed and then to readily evaporate 
away, we often say it allows the building to 
'breath' such as building in figure (4). In 
such buildings, the levels of dampness in 
the building are 'controlled' by this process 
of moisture evaporation.
Externally the porous materials are dried 
out by the wind and sun. Internally, air 
movement - through the roof covering, 
windows and openings - all help the 
evaporation of moisture from the internal 
porous surfaces. Where moisture can 
evaporate freely and the vernacular 
'breathing' performance is not impaired, the 
walls of vernacular buildings will remain
relatively dry. [19] 

Figure (4): Vernacular Building

8.2. Modern buildings are built to be
waterproofed

The industrial revolution and the increased 
movement of materials caused very rapid 
changes in the methods of construction and 
the building materials available. By the late 
19th century, there had been a significant 
move away from buildings constructed 
using vernacular materials and methods to 
those buildings with cavity walls and damp-
proof courses built using cement mortars
and renders. [20] 
Modern building materials (hard dense 
bricks, cement based mortars and renders, 
modern masonry paints and external 
sealants) are generally impermeable and 
rely on providing physical impervious
barriers (cavity walls and cement renders) 
to the elements to keep out driving rain and 
physical damp-proof courses to prevent 
rising dampness.
8.3. Vernacular and the architect in Egypt 
Many modern architects have studied 
vernacular buildings and claimed to be 
inspired by them, including aspects of the 
vernacular in their designs. In 1946, the 
Egyptian architect Hassan Fathy was 
appointed to design the town of New 
Gourna near Luxor. Having studied 
vernacular Nubian settlements and 
technologies, he incorporated the 
vernacular mud brick vaults of the Nubian 
settlements in his designs. The experiment
failed, due to a variety of social and 
economic reasons, however it is the first 
recorded attempt by an architect to address 
the social and environmental requirements
of building users. [21] 
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Table 2: Example of Hassan Fathy Works 
(Vernacular Architecture) (Akil Sami House)

ArchNet Site ID AS03937
Location Dahshur, Egypt

Architect/Planner Hassan Fathy
Date 1978

Century 20th
Decade 1970s

Building Type residential
Building Usage private residence

"This house “ figure (5)” , and several 
others that followed it in the same area, 
were built in local limestone because of a 
governmental ban on the use of brick 
following the construction of the high dam, 
as well as unsatisfactory test results for the 
structural strength of the soil in this area, 
first confirmed in the Fouad Riad project. 
The takhtabush and courtyard area of the 
house with wooden pergola, recall the 
latticework notably used in the Moastirli 
residence in 1950." [22]

Figure (5): Akil Sami House

8.4. Modern architecture in Egypt 
Modern architecture is generally 
characterized by simplification of form and 
an absence of applied decoration. It is a 
term applied to an overarching movement,
with its exact definition and scope varying 
widely.[23] In a broader sense, early 
modern architecture began at the turn of the 
20th century with efforts to reconcile the 
principles underlying architectural design 
with rapid technological advancement and 
the modernization of society. It would take 
the form of numerous movements, schools 
of design, and architectural styles, some in 
tension with one another, and often equally 
defying such classification such as an 
Egyptian building in figure (6). 

Figure (6):Example of Modern Architecture in
Egypt
8.5. Comparison between vernacular and 

modern buildings in Egypt 
There is significantly difference between 
the building material between the two kind 
buildings; Vernacular and Modern 
Building. Table (3). 
Table 3: Comparison between vernacular and
modern building in Egypt

Building Description

- Sun- dried bricks, made of mud and 
straw. Although these bricks were 
inexpensive and enabled fast 
construction.
- To manufacture the bricks, the 
mixture of mud and straw was placed 
into brick molds, and left out in the 
sun to dry. 
 - The wall thickness was about 40 
cm, with narrow windows. This 
helped to keep the house cool by 
protecting it from the outside heat. 
 - Wooden sticks and palm rafters 
made up the ceilings. [24] 
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- Red bricks, Cement, Steel, and
Wood are the construction materials
which used in this building. 
- The wall thickness was 25 cm. [25]

9. Case study 
A case study is used in order to demonstrate
the differences in initial embodied energy 
of different construction practices in two 
residential buildings in Egypt, one is the 
Modern Building and the other is the 
Vernacular one.
 9.1. The Modern Building 

9.1.1. Description 
A one storey building with area = 35 m2

(5m × 7m). Walls were solid red blocks 25 
cm thick for outer walls and 12 cm for 
partitions. The foundations were: raft 
foundation with a layer of replacement soil, 
concrete, and reinforced concrete). Beams
were 25×35 cm for slabs. Reinforced 
concrete slabs were 12 cm. Fig. (7) 

9.1.2. Interior finishing 
All floors were finished with porcelain. 
Walls & ceilings: cement stucco, plastic 
paint.
WC finishing: ceramic floor and walls. 
Ceiling: cement stucco & plastic paint. 

9.1.3. Exterior finishing 
Granite skirting, 1m above the pavement
- anti-solar radiation plastic paint for
walls and ceilings. 
Roof floor: cement tiles & heat/moisture
insulation layers. 

9.1.4. Woodworks 
All woodworks were in fir wood. 

9.1.5. Rough Estimate 
Concrete for foundations & bases = 
20m3

Concrete for roof floor = 30 m3

Reinforced concrete for foundations & 
bases = 15 m3

Reinforced concrete for building ceiling 
= 10 m3 and Steel: 3 Ton. 
Solid red bricks = 20 m3 (11,250 bricks). 
Ceramic tiles for WCs (walls & floors) = 
40 m2.
Porcelain for room & entrance = 25 m2.
Interior paints = 200 m2.
Exterior paints= 150 m2.
Fir wood for doors & windows = 1 m3.
Doors & windows glass = 5 m2.
Heat & moisture insulation = 95 m2.

Figure (7): Drawings of the Modern Building

9.2. The Vernacular Building 
9.2.1. Description 

A one story building with area = 35 m2 (5m
× 7m). Bearing walls 40 cm thick with 
cement plaster made of cement and 
limestone. Foundations were a riprap, 
cement, limestone, and dust terrace. The 
ceiling consistsed of 4×3 inch wooden 
beams, with 1/2 inch hazel wood casing. 
Fig. (8) 
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9.2.2. Interior finishing 
All floors were covered with cement
tiles.
All interior and exterior walls and 
ceilings were plastered with limestone,
cement, and dust plaster. 

9.2.3. Exterior finishing 
Outer facades were finished with 
limestone, cement, and dust plaster. 
Roof floor was covered with cement
tiles.

9.2.4. Woodworks 
All woodworks were 1 inch thick 
stacked arrays of wood, in 3×3 inch 
girders.

9.2.5. Rough estimate 
Foundation and bases terrace = 30 m3.
Solid red bricks = 55 m3.
Wood girders for ceiling = 35 m3.
Cement tiles for floors = 30 m2.
Interior & exterior paints = 150 m2.
Veins for doors & windows = 0.50 m3.
Doors & windows glass = 2 m2.

Figure (8): Drawings of the Vernacular Building

10. Results and Discussions 
Applying eq.1, for all building materials
used in the vernacular building and the 
modern one; the following can be found: 
Table (4) Shows that the amount of co2 
emissions of all building materials used in 
the modern building were 3598,567*102

ton. These materials were: steel, paints 
(interior & exterior), reinforced concrete, 
porcelain floors, ceiling insulation 
materials, solid red bricks, windows glass, 
and wood respectively (arranged by higher 
carbon emissions).
Table 4: The Amount of CO2 emissions in the
Modern Building

The Modern Building

Amount
of CO2 

emission
(ton)×102

C = (kg 
CO2/
ton) *

D = 
(kg/m3)

V = 
(m3)

Building
Material

400,32 333,60 2400 50R.C

2439,20512207 78601,5Steel

91,893290,80 1580 20Brick

128,556 192017,62380Tiles

487,996 186,60 16 4670Paints

9,5771139 530 13Wood

34,5125 1380,502500 1Glass

122,2081873,50593 11Insulation

3598,567Total of CO2 

Table (5) shows that the amount of co2 
emissions of all building materials used in 
the vernacular building were 906,241*102

ton. These materials were: floor finishing, 
glass, soil used in establishing foundations 
(composed of a riprap, cement, limestone,
and dust terrace), wood used in constructing 
the ceiling of the building with its openings, 
and paints (interior and exterior) 
respectively (arranged by higher carbon 
emissions).
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Table 5: The Amount of CO2 emissions in the
Vernacular Building

The Vernacular Building

Amount
of CO2 

emission
(ton)×102

C = (kg 
CO2/
ton) *

D = 
(kg/m3)

V = 
(m3)

Building
Material

43,40651 2837 30Soil

704,55 1220 350 165Tiles

32,27236,401612 55Brick

2,245 85,4016 164.32Paints

487,996 186,60 16 4670Paints

26,153139 53035,50Wood

97,6151380,5025002.8284Glass

906,241Total of CO2 

* The values of the amount of embodied co2 in
building materials were taken from:
D. Chen, M. Syme, S. Seo, W. Y. Chan, M. Zhou 
and S. Meddings, Development of an Embodied 
CO2 Emissions Module for AccuRate, Final 
report received by FWPA in August, 2010. 

In Fig. (9), comparing carbon emissions for 
both buildings reveals that using steel in 
construction, and consequently reinforced 
concrete, is the main cause of increasing 
carbon emissions from building materials.
The common building material is bricks. 
Carbon emissions from brick in the modern
building were higher than those of the 
vernacular one; due to the difference in 
manufacturing elements of both types. As 
for paints, there is a significant difference 
in carbon emissions between both 
buildings. This is simply because modern
building paints are plastic ones, whereas 
vernacular building paints are made of 
limestone, cement, and dust plaster. 

Figure (9): comparing carbon emissions for the 
vernacular and modern buildings.

11. Conclusion: 
The world needs an environmentally
friendly construction material because of 
the desire to reduce CO2 emissions, save 
nonrenewable energy resources, provide 
aesthetically pleasing and healthy 
surroundings and at the same time
minimize waste.
This paper concludes that the comparison
between the Vernacular and the modern
building in their building materials, can 
achieve a satisfactory result on reducing 
(59,77%) of the total CO2 emissions.
Vernacular buildings require similar
amounts of energy and result in similar
levels of CO2 emissions, both being much
more than the equivalent values for 
Reinforced concrete and structural steel 
buildings (Modern Building). An additional 
benefit of Mud Brick and the wood 
construction is the carbon which is 'locked
up' in mud brick and wood products for the 
life of the building. 
In order to significantly reduce the emission
of carbon dioxide, Mud Brick and wood are 
placed in high priority to be replaced by 
alternative building materials. At least, the 
greenhouse gas, carbon dioxide can be 
greatly reduced by substitution. In 
summary, this study presents a simple but 
more realistic model on promoting the 
usage of alternative building materials in 
constructing buildings. 
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12. Recommendations: 
12.1. Future research
Research should focus on minimizing
construction weight and reducing 
construction material. Reducing cement and 
steel in reinforced concrete mixtures is 
another field which could contribute 
considerably to the environmental problem.

12.2. Producers of construction materials
Companies producing construction 
materials should research more efficient 
ways to produce materials. And replace 
fossil fuels with CO2 neutral fuels (like 
biodiesel and garbage). 
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Abstract: As a vital method for mitigating the solar radiation effect on buildings, shading is considered of
paramount importance, especially in Egypt as a hot arid climate country, with very high solar radiation intensity
most of the year. Hence, the importance of studying shading strategies against future climate change emerged.
After IPCC recent reports and conference in Doha 2012, the climate change physical concept is getting more
scientific understanding as "most of the observed increase in global average temperatures since the mid-20th
century is very likely due to the observed increase in anthropogenic GHG concentrations". Therefore, current
practice of construction industry in Egypt needs to consider passive architectural design for residential buildings,
which consume about 20% of the energy consumed in the built environment, and emit about 4% of CO2. So, this
paper investigates the effect of climate change on shading, which is one of the most effective passive design
techniques, as well as on the energy consumption to support both policy and decision makers taking steps
forward towards energy efficiency obligations.
To attain that, an HVAC case study building is dynamically simulated in three dominant Egyptian climatic
zones, using current climate conditions in addition to three other morphed climate change scenarios (2020, 2050
and 2080). A comparison is then held in the four different periods with and without the Egyptian Residential
Energy Code  (EREC) recommended shading parameters.
The results show a minor effect for the future climate change on the efficiency of the current shading strategies
that are approved and recommended by EREC, which confirms the effectiveness of using the existing shading
specifications in future climatic conditions.

Keywords: Passive Architecture, Shading techniques, Energy Consumption, climate change.

1. Introduction

1.1. Background

The sun is having a strong and direct
impact on human life, as it is the origin for
all kinds of energy sources on Earth [1].
But it's like a coin, the first face is the
positive which is to take advantage of the
solar energy used for different purposes,
and the second face is negative represented
in the overheating in some regions of the
world. The solar radiation that reaches the
Earth is estimated by about 50% of its
original strength [1, 2], as shown in Fig. 1,
and it consists of the outcome of direct
solar radiation, reflected radiation from the
surface of the earth and clouds and the rays
absorbed by the atmosphere [1]. 

The building envelope can be considered
the selective pathway for a building to work 

 
Figure 1: Rates of solar energy that is reflected and

absorbed by the Earth.[2]

with the climate, responding to heating,
cooling, ventilating, and natural lighting
needs [3]. 

As the building envelope controls the flow
of heat between outdoor and indoor
environments [4], a good envelope design
can show optimization between natural
lighting and thermal performance through
passive solar techniques [5, 6]. Among
envelope elements, openings provide
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physical access to the building, create views 
to the outside, admit daylight or solar 
energy for heating, and supply natural 
ventilation [4]. It is also considered the 
main source of heat penetrating inside the 
building, as shown in Fig. 2 (penetrating 
varies by the type of glass and by its 
specifications as transparency and purity 
grade) [1, 7, 8]. 

 
Fig. 2:The difference in the rate of heat permeability 
through various building envelope components[1, 9] 

Therefore, the most effective way to reduce 
the solar load on fenestration is to intercept 
direct sun radiation before it reaches the 
glass [8, 10] to control the indoor 
temperature, improve thermal comfort and 
reduce cooling loads [11-13] as fully 
shaded openings during hot weather can 
reduce solar heat gain by as much as 80% 
[4, 10, 11]. A considerable amount of 
literature has been published on shading 
devices, a previous study on a high-rise 
residential building in Taiwan [11] 
indicated that envelope shading is the best 
strategy to decrease cooling energy 
consumption, which achieved savings of 
11.3% on electricity consumption. Another 
study [14] showed that power consumption 
readings from direct air conditioning 
indicate an average savings of 25% if 
external shading is properly installed. In the 
northern hemisphere, due to solar incidence 
angles, horizontal louvers can considerably 
reduce solar heat gain on south, southeast 
and southwest exposures, during late 
spring, summer, and early fall. On east and 
west exposures, during the entire year, the 

solar altitude is generally so low that to be 
effective, horizontal layouts would have to 
be excessively long [10]. In these cases, a 
good solution could be the use of vertical 
fins [1].  
Among the most important factors in 
determining the behaviour of the occupant 
is the thermal and daylighting requirements 
[15]. Hence, the shading systems have to 
provide thermal and visual comfort both 
reliably and economically in summer and in 
winter, Fig. 3 and 4 [10, 15]. 

 
Figure 3: User requirements for sun-shading 

systems.[15] 

 
Figure 4: Day lighting and thermal requirements for 

sun-shading systems.[15] 

1.2. Main purpose 
In previous eras, architects were designing 
based on the premise of unchanging 
climate, which means that, the building that 
provides thermal comfort at the beginning 
of its establishment is supposed to continue 
the same level of performance in the future 
until the end of its useful life. This 
assumption is no longer valid. It is 
becoming increasingly difficult to ignore 
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the element of global climate change, as 
evidenced by the reports of the 
International Panel on Climate Change 
[16]. The hours of sunshine and the 
proportion of direct radiation to diffused 
radiation are projected to increase in the 
future, while the modeling studies 
demonstrate a steady increase in cooling 
capacity and associated energy 
consumption required [17]. Therefore, the 
need to minimize overheating will become 
an increasing factor in design, and the 
ability to maintain acceptable internal 
thermal comfort will determine whether to 
demolish or refurbish the existing 
buildings. For that reason, it is even more 
critical for the designers to simulate the 
performance of buildings under future 
climatic conditions, to provide an indication 
of the future thermal behavior of the 
building and its ability to provide 
acceptable conditions, perhaps with some 
modifications during their service life [17]. 

The main objective of the present study is 
to evaluate the effectiveness of the current 
EREC recommended shading parameters 
under the future climate change conditions. 
The authors have conducted earlier 
experiments on the effect of climate change 
on different components of the building 
envelope and published results in [18, 19] 
for the study of external wall specifications. 
This work extends our earlier experiments 
by studying the shading as one of the main 
elements that affect the inner thermal 
comfort. In order to achieve our objective, a 
computerized simulation tool 
(DesignBuilder) is used to carry out 
investigations on the effect of shading 
devices on three different parameters: 
Monthly Energy Consumption (kWh), 
Indoor Air Temperature (°C) and Solar 
Gain from exterior windows (kWh). 

A typical residential building with 
mechanical air conditioning (HVAC) 
installed, was used for the simulations. The 
thermal performance simulations taking 
place in the summer period, in three main 
Egyptian climatic zones defined in the 

Egyptian Residential Energy Code (EREC) 
[20]. These include Cairo and Delta, the 
North coast, and the Southern climatic 
zone. These simulations ran under the 
current climate conditions, and under 
different climate change scenarios of three 
periods: 2020, 2050 and 2080. 

2. Simulation Methodology 
To carry out the simulations, a model of a 
typical residential building in Cairo was 
employed, which is then tested in the three 
different climatic zones, while keeping the 
same orientation of the building in each one 
of the climatic zones. The following points 
define the building envelope configurations 
of the case study: 

2.1. General specifications 

2.1.1. The Model Definition 

The building consists of six floors, where 
each has four residential flats with an 
approximate area of 80 m2. The average 
number of occupants per flat is four.  The 
building floor plan is shown in Fig.5. 
 

 

Figure 5: Typical plan for the Modeled flat. 

2.1.2. External Wall Specifications 
The specifications for wall constructions 
used are presented in Table 1. The thermal 
properties for the construction materials 
were obtained from EREC [20], and the 
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Egyptian Specifications for Thermal 
Insulation Work Items [21]. 

Appropriate materials were used for the 
construction in the different three climatic 
zones evaluated in the simulations, 
according to the authors research [19], 
which recommended the use of the double 
wall of half red-brick with 5 cm of internal 
expanded polystyrene thermal insulation 
layer (Dins) wall as the optimum external 
wall in Aswan, and the use of the double 
wall of half red-brick with 5 cm air gap in 
between (Dair) wall for Alexandria and 
Cairo, as shown in Fig.6. These are the 
optimum specifications shown to achieve 
indoor thermal comfort, minimize the 
energy consumption, while attaining the 
maximum financial benefits on a 40-year 
period, which would make them a more 
appealing option for occupants, justifying 
their higher initial cost. 

Table 1: External Walls main characteristics. 

External Walls ABBRV. Thick. 
(cm) 

U-Value  
(W/m2K) 

Double wall of half red-
brick with 5 cm air gap 
in between. 

Dair 29 1.463 

Double wall of half red-
brick with additional 
internal 5 cm of 
expanded polystyrene 
thermal insulation layer. 

Dins 29 0.503 

  

Figure 6: Wall sections used. 

2.1.3. Climatic Zones 
The paper will focus on the main three (of 
the eight) Egyptian climatic zones (shown 
in Fig. 7 defined in the Egyptian 
Residential Energy Code (EREC) [20]. 

These three climatic zones are: (1) Cairo 
and Delta zone (Cairo governorate), (2) 
North coast zone (Alexandria governorate) 
and (3) the Southern zone (Aswan 
governorate). About 50% of the 
construction projects carried out in Egypt 
are located in Cairo and Alexandria 
governorates [22]. While Aswan 
governorate is considered a very different 
zone in terms of the climatic aspects 
compared to the other zones.  

 

Figure 7: Egypt's climatic zones map[20]. 

2.1.4. Weather Data Files 

Four different weather data files: 2002, 
2020, 2050 and 2080 were used in the 
simulations. The current weather data file 
(2002) was downloaded from the official 
site of the U.S Department of Energy [23]. 
The Climate Change World Weather File 
Generator (CCWorldWeatherGen) [24] was 
used to generate the future weather data 
files for 2020, 2050 and 2080, and they 
cover the periods 2010-2039, 2040-2069 
and 2070-2099 respectively [25]. 

CCWorldWeatherGen [24], is a Microsoft 
Excel based tool, generating climate change 
weather data files, which can be used in 
BPS programs by transforming current 
Energy Plus Weather files (EPW) into 
climate change EPW files that are 
compatible with the majority of BPS 
programs [26]. 
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2.1.5. Building Performance Simulation 
Software (BPS): 

Modelling and simulations were carried out 
using the dynamic thermal simulations tool, 
DesignBuilder [27] in its third version (V3). 

2.1.6. Activities and HVAC Systems 
A fixed activity template, which defines the 
schedule for energy consumption based on 
the lifestyle in Egypt (holidays, working 
hours) was used in simulations to obtain the 
total energy consumption in kWh from 
house appliances, lighting and the HVAC 
systems. The HVAC specifications include 
the split air-conditioning units that are 
generally used for domestic purposes in 
Egypt. The HVAC systems were the only 
focus in this experiments, as according to 
our previous study [18] natural ventilation 
was not sufficient to achieve thermal 
comfort in the summer period; under the 
same experimental conditions in Cairo.  

2.2. Shading parameters 
The EREC recommendations (Annex A-3) 
[20] were taken as a guideline and followed 
literally in the preparation of the shading 
devices concerned in this study.  

 
Figure 8: Solar analysis of the model used in 

Alexandria. 

 
Figure 9: Solar analysis of the model used in Cairo. 

 

 
Figure 10: Solar analysis of the model used in 

Aswan. 
The different external shading treatments 
for the building model in each climatic zone 
(Alexandria, Cairo and Aswan) are shown 
in Figures 8, 9 and 10 respectively. 

2.2.1. Window, Wall Ratio (WWR) 
WWR is the ratio between the areas of the 
openings in an external façade to the total 
area of this façade [20], The openings 
appropriate ratios are chosen to achieve 
lighting levels that ensure a healthy life, 
visual and psychological comfort to the 
occupants, and lights up the inner space and 
its contents properly to fit the nature of the 
activity within the space and help to 
perform it efficiently [1, 28], however at the 
same time achieve privacy in addition to 
meeting the requirements of EREC [20] in 
terms of Solar Heat Gain Coefficient 
(SHGC) and Shaded Glass Ratio (SGR), 
according to the climatic zone of the 
building and the direction of the openings, 
to prevent the penetration of excess 
quantities of heat which would increase the 
thermal loads  on the inner space. 
The first step was to calculate the 
proportion of the fenestration area to the 
total façade area. Table 2 shows the WWR 
for the different elevations of the typical 
residential building used.  

Table 2: WWR for different façades. 

Elevation Openings 
(m2) 

Elevation 
(m2) 

WWR  
(%) 

North 69.6 445 15.6 
East 39.6 328 12 

South 69.6 445 15.6 
West 39.6 328 12 
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Table 3: Solar specifications for the simulated building. 
 Alexandria Cairo Aswan 

 East South West East South West East South West 

SHGC 0.55 0.71 0.55 0.45 0.64 0.45 0.34 0.52 0.34 

Verify SHGC No Yes No No No No No No No 

SGR 65% - 65% 70% 60% 70% 75% 60% 75% 

Sun-breaker Vertical - Vertical Vertical Horz. Vertical Vertical Horz. Vertical 

PF 0.80 - 1 0.80 0.40 1 1 0.40 1 

Dimensions 1m - 1.3m 1m 0.5m 1.3m 1.3m 0.5m 1.3m 

 
 
 
 
 
 
 
 
 
 

2.2.2. Solar Heat Gain Coefficient (SHGC) 
SHGC is the ratio between the sum of 
penetrated solar radiation through glass, 
and the heat emitted from the glass by 
convection and radiation, to the incident 
total solar radiation on the glass surface 
[20]. Specifying the value of Solar Heat 
Gain Coefficient (SHGS) for the openings 
was the second step (using Table B1/ 
Annex B) [20], according to the type of 
glass and frame used, and  whether fixed or 
movable. Single clear (6.4 mm) glass with a 
moving aluminum frame was used in the 
simulated building, which leads to SHGC 
of 0.71. 

2.2.3. The maximum allowable SHGC 
Using Tables 3-2, 3-4 and 3-16 mentioned 
in EREC [20], and according to the 
building orientation and WWR, the 
maximum allowable SHGC values were 
obtained for each façade, then listed in 
Table 3. 

2.2.4. Verifying SHGC compatibility with 
EREC requirements 

Verifying that value of SHGC does not 
exceed the maximum allowed in EREC, 
otherwise the openings are not compatible 
with the requirements of the code; in this 
case EREC recommends one of the 
following three methods: 

 Reduce the size of the openings, so that 
it achieves allowable SHGC.

 Improve the properties of used glass or 
change the frame. 

 Use shading for the openings partially or 
fully, using one of the external shading 
means. 

 
 
 
 
 
 
 
 
 
 
 

The results of this comparison mentioned in 
Table 3. As our objective was to evaluate 
the effect of the external shading, the third 
choice was used in all simulations. 

2.2.5. Shaded Glass Ratio (SGR) 
SGR is the ratio between the shaded glass 
areas to the total area of the opening during 
the period from 9:00 am to 5:00 pm on 21st 
of September [20]. The SGR coefficient can 
be determined with help of Table 2B/ 
Annex B [20], and Tables 3-2, 3-4 and 3-16 
for the horizontal, vertical and combined 
sun-breakers in the three aforementioned 
climatic zones. The SGR factor calculation 
is subject to the façade orientation and to 
the sun-breaker Prominence Factor (PF) as 
shown in Fig. 11 and 12, where: 

PF= W/ (A+B) 
Where; A is the opening width or height, W 
is the sun-breaker depth and B is the 
distance between opening and the sun-
breaker. Using this equation, the sun-
breakers dimensions can be determined, as 
mentioned in Table 3. 

 
Figure 11:Vertical Sun-breakers. 

 
Figure 12:Horizontal Sun-breakers. 
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Table 4: Average Monthly Energy Consumption (kWh) (with and without using shading devices) 

 
2002 2020 2050 2080 

without 
shading 

with 
shading 

the 
difference 

without 
shading 

with 
shading 

the 
difference 

without 
shading 

with 
shading 

the 
difference 

without 
shading 

with 
shading 

the 
difference 

May 433.06 428.81 4.25 482.23 477.79 4.44 539.33 534.62 4.71 654.43 649.42 5.01 

June 574.98 570.72 4.26 628.83 624.77 4.06 708.02 703.80 4.22 843.09 838.67 4.42 

July 656.17 651.33 4.84 755.92 750.99 4.93 888.33 883.33 4.99 1060.84 1055.31 5.53 

August 705.44 698.78 6.66 835.22 828.30 6.91 958.53 951.46 7.08 1146.21 1138.96 7.25 

Sept. 521.83 509.00 12.83 608.29 595.69 12.60 689.41 676.67 12.74 871.61 858.81 12.80 

Table 5: Average Monthly Indoor Air Temperature (°C) (with and without using shading devices) 

 
2002 2020 2050 2080 

without 
shading 

with 
shading 

the 
difference 

without 
shading 

with 
shading 

the 
difference 

without 
shading 

with 
shading 

the 
difference 

without 
shading 

with 
shading 

the 
difference 

May 25.83 25.77 0.05 26.17 26.12 0.05 26.47 26.43 0.04 27.00 26.96 0.04 

June 26.79 26.75 0.03 27.01 26.98 0.03 27.33 27.30 0.03 27.85 27.82 0.03 

July 27.15 27.11 0.04 27.49 27.45 0.03 27.90 27.87 0.03 28.52 28.48 0.03 

August 27.22 27.17 0.05 27.62 27.56 0.05 27.99 27.94 0.05 28.74 28.68 0.05 

Sept. 26.72 26.62 0.10 27.08 26.98 0.10 27.37 27.27 0.10 27.97 27.88 0.10 

Table 6: Shading effect on solar gains from exterior windows. (kWh) 

 
2002 2020 2050 2080 

without 
shading 

with 
shading 

the 
difference 

without 
shading 

with 
shading 

the 
difference 

without 
shading 

with 
shading 

the 
difference 

without 
shading 

with 
shading 

the 
difference 

May 172.04 158.97 13.06 165.19 152.43 12.76 165.56 152.80 12.76 165.64 152.88 12.76 

June 169.77 156.76 13.01 162.25 150.03 12.22 161.40 149.15 12.25 161.40 149.15 12.25 

July 167.14 153.84 13.30 157.34 144.94 12.41 156.23 143.71 12.51 156.32 143.82 12.50 

August 164.10 146.40 17.71 155.81 138.71 17.10 154.15 137.12 17.03 154.83 137.77 17.06 

Sept. 174.01 137.93 36.09 169.29 134.09 35.20 167.64 132.95 34.68 167.66 132.97 34.69 

 

 
Figure 13: Shading devices effect in reducing exterior window's solar gains  Cairo  
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3. Results and Discussion 
The results show the effect of using shading 
devices on three different outcomes: 
Monthly Energy Consumption (kWh), 
Indoor Air Temperature (°C) and Solar 
Gains from exterior windows (kWh). These 
measures were taken during the summer 
period for the three climatic zones, under 
different weather scenarios. The results are 
almost with the same indications, so the 
results for the Cairo and Delta climatic zone 
(as the intermediate zone), were discussed 
and its results were displayed as a 
representative for the two other zones, as 
follows: 

3.1. Monthly Energy Consumption  
Energy consumption was calculated for 
each flat per month during the summer 
period, with and without the external 
shaded devices obtained from EREC, Table 
4. As noticed, the effect of using EREC 
recommended shading devices is almost 
identical during the different four weather 
periods that was simulated in this research. 
For example during July the differences for 
the various climatic scenarios were 4.84, 
4.93, 4.99 and 5.53 kWh respectively. 

3.2. Indoor Air Temperature 
The indoor air temperatures were 
investigated during the hot period in Egypt 
for the different climatic zones, through the 
aforementioned weather periods, by 
calculating the difference in the internal 
temperatures while using the external 
shading devices, and in case  not used. 
The stability of the effect of using sun 
breakers (Table 5) has been observed, 
during the various climatic scenarios used 
in the simulations, and as an example, in 
the month of July, the shading effect on 
reducing the indoor air temperature while 
using the HVAC systems, for the different 
four weather periods were mentioned as 
0.04, 0.03, 0.03 and 0.03 °C consecutively. 

3.3. Solar Gains from exterior windows 
For further verification, the solar gains from 
exterior windows were extracted as one of 

the simulation results, to find out the 
amount of solar radiation that have been 
blocked by the use of different sun breakers 
recommended by EREC. Table 6 shows the 
solar gains from exterior windows in the 
different months that have been simulated, 
using different weather data files.  
Comparing the effect of using shading 
devices namely (the difference) over the 
different climate change scenarios, illustrate 
the firmness of the effect of using the 
recommended sun breakers over the various 
parameters of the experiments, as the 
average blocked solar radiation values over 
July are 13.30 kWh for the current weather 
conditions, 12.41 kWh for 2020 weather 
data file, 12.51 kWh for 2050 climate 
change scenario and 12.50 kWh for the 
predicted weather in 2080. This is almost 
constant, despite the projected climate 
change. Complementary to the above, Fig. 
13 illustrates graphically the effect of sun 
breakers for all the weather periods, to 
illustrate the differences between what 
obscured by sun breakers at present, and the 
stability of its effect under the impact of 
various climate change scenarios in the 
future. 

4. Conclusion 
Passive architecture techniques have a 
noticeable impact on improving the thermal 
performance of residential buildings, 
particularly in hot arid zones like Egypt. In 
this paper, the constancy of the impact of 
shading devices recommended by EREC 
were discussed, on buildings in three 
different climatic zones in Egypt, under the 
influence of present and future climatic 
conditions (three sets of future weather data 
files). 
The analysis of three of the main 
parameters of the simulation results 
(monthly energy consumption, indoor air 
temperature and solar gains from exterior 
windows) suggest that, the effect of solar 
shading devices approved by EREC is 
almost constant under the influence of 
climate change scenarios, its efficiency and 
effectiveness will be ongoing as they are in 

Page 21 / 522



2013Building Simula on Cairo  - Towards Sustainable & Green Built Environment 23, Cairo, June rd - 24th 
Topic name: Climate Change & Architecture 

 

 

the future, where the solar radiation's 
incidence angles (which affects the 
prominence factor of the shading devices) 
does not seem to be affected by the future 
climate change. 
However, this passive adaptation to climate 
change on the building scale might be more 
effective if comprehensive applications of 
passive techniques took place rather than 
only shading windows, or wall construction 
as we discussed partially before. This 
comprehensive orientation will be our 
future research objective. 
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²«³»®·½¿ ố ¿ ¯«¿²¬·¬¿¬·ª» ³¿²²»® ±º 

¿²¿´§· · ¿¼±°¬»¼ò Ø±©»ª»®ô ·¬ · 

·³°±®¬¿²¬ ¬± °±·²¬ ±«¬ ¬¸¿¬ ³¿²§ ±º ¬¸» 

¿²¿´§¦»¼ ¼¿¬¿ ¿®» ¿²¬·½·°¿¬»¼ ±® °®±¶»½¬»¼ 

º·¹«®»ô ¿²¼ ±³»¬·³» ½±³» ·² ³« ¬́·°´» 

½»²¿®·±ô ©¸·½¸ ³¿§ ®»¯«·®» ½¿«¬·±² ¿²¼ 

¿½¯«··¬·±² ±º ³±®» «°¼¿¬»¼ ¼¿¬¿ ¿¬ ¬¸» ¬·³» 

±º ¿°°´·½¿¬·±² ±º ¬¸» ®»« ¬́ ±º ¬¸»» ¬«¼·»ò  

 

ïò Ù´±¾¿´ É¿®³·²¹ 

Ì¸» º·®¬ ¬·³» ¹´±¾¿´ ©¿®³·²¹ °¸»²±³»²±² 

©¿ ¿½µ²±©´»¼¹»¼ ·² ¿ ½·»²¬·º·½ °¿°»® ©¿ 

¿ ±´¼ ¿ ïèîé ©¸»² Ú±«®·»® ¿·¼ô 

 �òòÍ«½¸ »ºº»½¬ ¿®» ¿¾´» ¬± ³¿µ» ¬± 

ª¿®§ô ·² ¬¸» ½±«®» ±º ³¿²§ 

½»²¬«®·»ô ¬¸» ¿ª»®¿¹» ¼»¹®»» ±º 

¸»¿¬å ¾»½¿«» ¬¸» ¿²¿´§¬·½ 

»¨°®»·±² ½±²¬¿·² ½±»ºº·½·»²¬ 

®»´¿¬·²¹ ¬± ¬¸» ¬¿¬» ±º ¬¸» «®º¿½» 

¿²¼ ©¸·½¸ ¹®»¿¬´§ ·²º´«»²½» ¬¸» 

¬»³°»®¿¬«®»ò� 

 

Ì¸· ¸±© ¬¸» »¿®´§ ·²ª±´ª»³»²¬ ±º ¬¸» 

½·»²¬·º·½ ½·®½´» ·² ¬¸» °¸»²±³»²±²ò Ô¿¬»® 

±² ·² ïçéçô ¬¸» É±®´¼ Ý´·³¿¬» Ý±²º»®»²½» 

±º ¬¸» É±®´¼ Ó»¬»±®±´±¹·½¿´ 

Ñ®¹¿²·¦¿¬·±² ½±²½´«¼»¼ô 

 �×¬ ¿°°»¿® °´¿«·¾´» ¬¸¿¬ ¿² 

·²½®»¿»¼ ¿³±«²¬ ±º ½¿®¾±² 

¼·±¨·¼» ·² ¬¸» ¿¬³±°¸»®» ½¿² 

½±²¬®·¾«¬» ¬± ¿ ¹®¿¼«¿´ ©¿®³·²¹ 

±º ¬¸» ´±©»® ¿¬³±°¸»®»ô 

»°»½·¿´´§ ¿¬ ¸·¹¸»® ´¿¬·¬«¼»ò� 

 

Þ«¬ ·² ¿ ®»½»²¬ ¬«¼§ô ¿ ´·²µ ¾»¬©»»² 

¹´±¾¿´ ©¿®³·²¹ ¿²¼ ß´¾»¼± »ºº»½¬ ±º 

»¿®¬¸ «®º¿½» ³¿¼» ¬¸» ·¬«¿¬·±² ´±±µ 

³±®» ½±³°´·½¿¬»¼ò Õ²±©·²¹ ¬¸¿¬ 

¹´±¾¿´ ©¿®³·²¹ ½¿«» ³±®» ·½» ¬± 

³» ¬́ ·² ß²¬¿®½¬·½¿ ¿²¼ Ù®»»²´¿²¼ ·² 

«³³»®ô ¿²¼ ´» ·½» º±®³¿¬·±² ·² ¬¸» 

Ò±®¬¸ Ð±´» ¼«®·²¹ ©·²¬»®ô ·¬ · ½´»¿® 

¬¸¿¬ ¹´±¾¿´ ©¿®³·²¹ ®»¼«½» ¬¸» 

¿ª»®¿¹» ß´¾»¼± ±º »¿®¬¸ô ½¿«·²¹ ·¬ ¬± 

¿¾±®¾ ³±®» ¸»¿¬ ¿²¼ ¬¸« ©¿®³·²¹ 

º«®¬¸»® ³±®» ÅîìÃò Ì¸· °±·¬·ª» 

º»»¼¾¿½µ »ºº»½¬ · »¨°»½¬»¼ ¬± ®¿·» 

»¿®¬¸� ¬»³°»®¿¬«®» ¾§ ì
±
Ý ±ª»® ¬¸» 

²»¨¬ ½»²¬«®§ô ½±³°¿®»¼ ¬± ±²´§ ï
±
Ý 

±ª»® ¬¸» ´¿¬ îëð §»¿® Å·¾·¼òÃ 

 
Ú·¹òïò Ù´±¾¿´ ¬»³°»®¿¬«®» ½¸¿²¹» ©·¬¸ ®»°»½¬ 

¬± ïçêïóïççð ¹´±¾¿´ ¿ª»®¿¹»ò øËÕ 

Ó»¬»±®±¹·½¿´ Ñºº·½»÷ 

 

×² Û¹§°¬ô ¹´±¾¿´ ©¿®³·²¹ ³¿§ ¸¿ª» 

¼»ª¿¬¿¬·²¹ »ºº»½¬ô ¿ ¬¸» ½±«²¬®§ ¸¿ 

Page 25 / 522



 
 

±²» ±º ¬¸» ´»¿¬ °®»½·°·¬¿¬·±² ®¿¬» ·² 

¬¸» ©±®´¼ ¿²¼ ©¿¬»® ®»±«®½» ¿®» ª»®§ 

´·³·¬»¼ò Û´»ª¿¬·±² ±º ¬»³°»®¿¬«®» ½¿² 

·²½®»¿» ¿®·¼·¬§ ´»¿¼·²¹ ¬± ¿½½»´»®¿¬·²¹ 

±¬¸»® ½´·³¿¬» ½¸¿²¹» ·«» «½¸ ¿ 

¼»»®¬·º·½¿¬·±² ¿²¼ ¸»¿¬ ·´¿²¼ »ºº»½¬ò 

Û¹§°¬ ³¿§ ¸¿ª» ¬± ®»ª·» ·¬ 

½±²¬®«½¬·±² ³»¬¸±¼ô ½±²«³°¬·±² 

°¿¬¬»®²ô ¿¹®·½«´¬«®¿´ ¬»½¸²·¯«» ¿²¼ 

´¿²¼ «» ½¸»³» «²¼»® ¬¸» ¿²¬·½·°¿¬»¼ 

¹´±¾¿  ́©¿®³·²¹ ½±²»¯«»²½»ò 

 

îò Î··²¹ Í»¿©¿¬»® Ô»ª»´ 

Ü«» ¬± »´»ª¿¬»¼ ¹´±¾¿´ ©¿®³·²¹ô ´¿®¹» ¿®»¿ 

±º ²±© ½±ª»®ô ¹´¿½·»® ¿²¼ ·½» ½¿° ·² 

ß²¬¿®½¬·½¿ ¿²¼ Ù®»»²´¿²¼ ¿®» ½±²¬·²«·²¹ ¬± 

³» ¬́ò Ì¸» ©¿®³»® ¬»³°»®¿¬«®» · ¿´± 

³¿µ·²¹ ·¬ ¸¿®¼»® º±® ©¿¬»® ¬± º®»»¦» ·² ¬¸» 

Ò±®¬¸ Ð±´» ¼«®·²¹ «³³»®ò  

 
Ú·¹òîò Ì¸» »ºº»½¬ ±º ÍÔÎ ±º ï³ò ±² Û¹§°¬� ²±®¬¸ 

½±¿¬ ¿²¼ Ò·´» Ü»´¬¿ò ø¸¬¬°æññº´±±¼òº·®»¬®»»ò²»¬÷ 

 

×² ·¬ îððé ¿»³»²¬ ÅïëÃô ¬¸» ×ÐÝÝ 

¼»½´¿®»¼ ¬¸» Ò·´» Ü» ¬́¿ ±²» ±º ¬¸®»» ·¬» ±² 

»¿®¬¸ ¬¸¿¬ ¿®» ³±¬ ª«´²»®¿¾´» ¬± »¿ ´»ª»´ 

®·»ò Ì¸» Ð¿²»  ́ °®±¶»½¬»¼ ¿ ¹´±¾¿´ ¿ª»®¿¹» 

»¿ ´»ª»´ ·²½®»¿» ±º ïè ¬± ëç ½³ ¾§ îïððò 

Í»ª»®¿´ ®»½»²¬ ¿»³»²¬ «¹¹»¬ ¬¸· 

º·¹«®» ½±«´¼ ¾» ³«½¸ ¸·¹¸»®ô ¼»°»²¼·²¹ ±² 

í ¼·ºº»®»²¬ ½»²¿®·±ô ©¸·½¸ «¹¹»¬ ¬¸» »¿ 

´»ª»´ ©±«´¼ ®·» ¾§ ðòîë ³»¬»®ô ðòë ³»¬»®ô 

¿²¼ ïòð ³»¬»® ®»°»½¬·ª»´§ ÅîÃò Ì¸· · 

»¨°»½¬»¼ ¬± ¸¿ª» ¿ ¹®»¿¬ ·²º´«»²½» ±² ¿ 

²«³¾»® ±º µ»§ ·«» ¬¸¿¬ ¿®» ½®«½·¿´ ¬± ¬¸» 

Û¹§°¬·¿² »½±²±³§ ¿²¼ ¼»ª»´±°³»²¬ °´¿²ô 

«½¸ ¿å 

îòïò Ô± ±º Ü»²»´§ó°±°«´¿¬»¼ ß®»¿ 

ß¬ »ª»®¿´ °±·²¬ ¿´±²¹ ¬¸» ½±¿¬ô ¬¸» ¼»´¬¿ 

· ²±© ®»½»¼·²¹ò Ü¿³·»¬¬¿ °®±³±²¬±®§ ¸¿ 

»®±¼»¼ ¼®¿³¿¬·½¿´´§ ¿ ©¿ª» ¿²¼ ½«®®»²¬ 

¸¿ª» ¬®·°°»¼ ·¬ ¿²¼ º¿¬»® ¬¸¿² ¬¸» ®·ª»® 

½¿² ®»°´»²·¸ ÅîìÃò Í·³·´¿® ·¬«¿¬·±² ¿®» 

º±«²¼ ·² Î±»¬¬¿ô Õ¿º® Û  ́ Í¸»·µ¸ô 

ß´»¨¿²¼®·¿ô Û  ́Þ»¸»·®¿ô Ð±®¬¿·¼ ¿²¼ Ò±®¬¸ 

Í·²¿·ò Ì¸» º«¬«®» °®±¶»½¬·±² ©¿®² ¬¸¿¬ 

¿®±«²¼ îð ³·´´·±² ½·¬·¦»² ©·´´ ¾» ¿ºº»½¬»¼ 

ÅêÃò 

 

îòîò Ô± ±º Ú»®¬·´» ß¹®·½«´¬«®¿´ Ô¿²¼ 

Ì¸» ®»« ¬́ ·²¼·½¿¬» ¬¸¿¬ ¿¾±«¬ îîòìçô ìîòïèô 

¿²¼ ìçòîîû ±º ¬¸» ¬±¬¿´ ¿®»¿ ±º ½±¿¬¿´ 

¹±ª»®²±®¿¬» ±º ¬¸» Ò·´» Ü»´¬¿ ©±«´¼ ¾» 

«½»°¬·¾´» ¬± ·²«²¼¿¬·±² «²¼»® ¼·ºº»®»²¬ 

½»²¿®·± ±º ÍÔÎ ¾§ îïðð ÅïïÃò 

 

îòíò Ô± ±º Ú·¸»®·» 

Ý¸¿²¹» ·² ¾·±¼·ª»®·¬§ ¿²¼ º·¸ °¿¬¬»®² ·² 

¬¸» ½±¿¬ ±º ²±®¬¸ Û¹§°¬ ¿²¼ Ü» ¬́¿ ½¿² 

¼®¿³¿¬·½¿´´§ ¼»¬®±§ º·¸ ¸¿¾·¬¿¬ò Ú·¸·²¹ 

· ¬¸» ±²´§ »½±²±³·½ ¿½¬·ª·¬§ ±º ¿¾±«¬ ïëû 

±º °»±°´» ´·ª·²¹ ·² ¬¸» Ò·´» Ü» ¬́¿ ®»¹·±²ô 

©¸·½¸ ¿½½±«²¬ º±® êðû ±º Û¹§°¬� ¬±¬¿´ 

º·¸ ½¿¬½¸ ÅêÃò 

 

îòìò ×²½®»¿»¼ Í¿´·²·¬§ ±º Ô¿²¼ 

Ó±¼»®¿¬»ó¸·¹¸ ¿´·²·¬§ ¸¿ ¾»»² ¿´®»¿¼§ 

¿ºº»½¬·²¹ íðû ±º ¿¹®·½«´¬«®¿´ ´¿²¼ ·² Û¹§°¬ 

ÅïÃò Ò±© ¬¸· °»®½»²¬¿¹» · ¹»¬¬·²¹ ¸·¹¸»® 

©·¬¸ ¬¸» ®··²¹ »¿ ´»ª»´ ·² ²±®¬¸»®² Ò·´» 

Ü» ¬́¿ô ¿²¼ «» ±º «²¼»®¹®±«²¼ ©¿¬»® ¼«» ¬± 

¸±®¬¿¹» ±º Ò·´» ©¿¬»®ò Ì¸· ¿ºº»½¬ ´¿²¼ 

º»®¬·´·¬§ ²»¹¿¬·ª»´§ô ¿²¼ ´·³·¬ ½®±° 

½«´¬·ª¿¬·±² ¬± ½»®¬¿·² µ·²¼ ¬¸¿¬ ½¿² ®»·¬ 

¸·¹¸ ¿´·²·¬§ô «½¸ ¿ ®·½»ô ±®¿²¹»ô 

°±³»¹®¿²¿¬» ¿²¼ ¾»®®·»ò Ì¸» ³¿·² 

²«¬®·¬·ª» ½®±° ¬¸¿¬ ¿®» »»²¬·¿´ º±® º±±¼ 

°®±¼«½¬·±²ô «½¸ ¿ ©¸»¿¬ô ½±®² ¿²¼ «¹¿® 

½¿²» ½¿²²±¬ ¾» ½«´¬·ª¿¬»¼ ¿²§ ³±®» ·² ¿² 

·²½®»¿·²¹ °±®¬·±² ±º ¿¹®·½«´¬«®¿´ ´¿²¼ò 

 

Ì¸»» ·«» ½¿² ¹®»¿¬´§ ¸«®¼´» «®¾¿² ¿²¼ 

¬±«®·¬·½ ¼»ª»´±°³»²¬ °´¿² ·² ¬¸» ²±®¬¸»®² 

½±¿¬ ¿²¼ ¼»°´»¬» ³¿²§ ®»±«®½» ¬¸¿¬ ¬¸» 

Û¹§°¬·¿² »½±²±³§ ¼»°»²¼ ±²ò Ì¸» ±²ó

¹±·²¹ °®±½»¼«®» ±º ¾«·´¼·²¹ »¿©¿´´ ±º 

½±²½®»¬» ¾´±½µ ¬± ¬±° ¬¸» »¿ º®±³ 

¿¼ª¿²½·²¹ ²»»¼ »²±®³±« º«²¼ ¿²¼ · ²±¬ 

«¬¿·²¿¾´» ÅëÃò  

 

Page 26 / 522



 
 

íò Ü»»®¬·º·½¿¬·±² ¿²¼ ß¹®·½«´¬«®¿´ 

Ô¿²¼ Ô± 

ß¾±«¬ íèû ±º ¬¸» ©±®´¼ù ´¿²¼ «®º¿½» · 

¬¸®»¿¬»²»¼ ¾§ ¼»»®¬·º·½¿¬·±²ò Ì¸» ³±¬ 

¿ºº»½¬»¼ ½±«²¬®·» øéòê ±² ¿ ½¿´» ±º ïð÷ ¿®» 

·² Ò±®¬¸ ßº®·½¿ô Ó·¼¼´» Û¿¬ ½±«²¬®·»ô 

ß«¬®¿´·¿ ¿²¼ Í±«¬¸ Ý¸·²¿ ÅïçÃò ß®·¼·¬§ ¿²¼ 

¿²¼ ¼«²» ³±ª»³»²¬ ¿®» µ»§ ®»¿±² º±® 

¼»»®¬·º·½¿¬·±²ò Ô§·²¹ ·² ¬¸» ²±®¬¸»¿¬ 

½±®²»® ±º ¬¸» Ù®»¿¬ Í¿¸¿®¿ô Û¹§°¬ ¸¿ ¾»»² 

°®±²» ¬± ¿®·¼·¬§ ¿²¼ ¿²¼ ¼«²» ³±ª»³»²¬ 

·²½» ¬¸±«¿²¼ ±º §»¿®ò Ì¸· ³±ª»³»²¬ 

½¿«» ¿ ½±²¬·²«±« °®±½» ±º ½±ª»®·²¹ 

º»®¬·´» ´¿²¼ò øº·¹òí÷ 

 
Ú·¹òíò Í¿¬»´´·¬» ·³¿¹» ±º Û¹§°¬ò øÙ±±¹´» Ó¿°÷ 

 

×² ¿ ®»°±®¬ ¾§ ¬¸» Ü»»®¬ Î»»¿®½¸ Ý»²¬»® 

øÜÎÝ÷ º±® ¬¸» ËÒÝÝÜô ¿½¬·ª» ¼«²» ¿²¼ 

¿²¼ »²½®±¿½¸³»²¬ ½±ª»® ³±®» ¬¸¿² ïêêððð 

µ³
î
 ÅïîÃô ·ò»ò ¿¾±«¬ ïêòêû ±º ¬¸» ¬±¬¿  ́

½±«²¬®§ ¿®»¿ò  Ì¸» ®»« ¬́ ±º ¬¸· ±²ó¹±·²¹ 

¼»»®¬·º·½¿¬·±² °®±½» ®¿²¹» º®±³ 

»¨¬·²½¬·±² ±º °»½·» ¿²¼ ±·´ ¼»¹®¿¼¿¬·±² ¬± 

½±³°´»¬» ¿¹®·½«´¬«®¿´ ´¿²¼ ´± Å·¾·¼òÃò Ì¸» 

°®±½»¼«®» ¬¸» ÜÎÝ ¬¿µ» ¬± º·¹¸¬ 

¼»»®¬·º·½¿¬·±² ·²½´«¼»å ³±²·¬±®·²¹ ¿²¼ 

¼«²» ³±ª»³»²¬ô °´¿²¬·²¹ ¬®»» «·²¹ 

»©¿¹» ©¿¬»®ô ¿²¼ ¿²¼ ¼«²» º·¨¿¬·±²ò 

Ø±©»ª»®ô ¿¬»´´·¬» °¸±¬±¹®¿°¸§ ¸±© ¬¸¿¬ 

¬¸» °¸»²±³»²±² · ¬·´´ ¿¼ª¿²½·²¹ò 

ìò É¿¬»® Í¸±®¬¿¹»ô Ú´±±¼·²¹ ¿²¼ ¬¸» 

Ø·¹¸ Ü¿³ 

É¸·´» ±³» ·³«´¿¬·±² ¬«¼·» º±®»»» ¿² 

·²½®»¿» ·² Ò·´» ©¿¬»® ¾§ îëû ±ª»® ½«®®»²¬ 

§»¿®´§ ´»ª»´ô ³¿²§ ±¬¸»® ¬«¼·» ¿²¬·½·°¿¬» 

¼»½®»¿» «° ¬± éðû ÅéÃò ß´¬¸±«¹¸ ¬¸» º·®¬ 

½»²¿®·± ³·¹¸¬ ½±³» ¿ ¹±±¼ ²»© º±® ¿ 

½±«²¬®§ ¬¸¿¬ · ¾»¹·²²·²¹ ¬± »¨°»®·»²½» 

©¿¬»® ¸±®¬¿¹»ô ³¿µ·²¹ «» ±º ¬¸· ·²½®»¿» 

·² ©¿¬»® ·²½±³» · ¯«·¬» »¨°»²·ª»ò ß 

²¿¬·±²©·¼» °®±½» ±º ¼·¹¹·²¹ ²»© ©¿¬»® 

½¸¿²²»´ ¿²¼ ¼»»°»²·²¹ ¬¸» »¨·¬·²¹ ±²» · 

»»²¬·¿´ ¬± ¿½½±³³±¼¿¬» ¬¸» ½±³·²¹ ©¿¬»® 

º´±© ¿²¼ ¼»´·ª»® ·¬ ¬± ¿¹®·½« ¬́«®¿´ ´¿²¼ô 

»°»½·¿´´§ ¬¸» ²»©´§ ®»½´¿·³»¼ ±²»ò 

É·¬¸±«¬ ¬¸»» °®±½»¼«®»ô ¬¸» ¿½½«³«´¿¬·²¹ 

©¿¬»® ©·´´ º±®³ ¿ °®»«®» ±² ¬¸» Ø·¹¸ Ü¿³ 

¬¸¿¬ ·¬ ³·¹¸¬ ²±¬ ¾» ¿¾´» ¬± ©·¬¸¬¿²¼ ¿¬ ¿ 

½»®¬¿·² °±·²¬ò 

 
Ú·¹òìò Ì¸» Ø·¹¸ Ü¿³ô ß©¿²ô Û¹§°¬ò øÙ±±¹´» 

Ó¿°÷ 

 

Ì¸» ·²¿«¹«®¿¬·±² ±º Ì±¸µ¿ ½¸¿²²»´ ·² ¬¸» 

Ò¿»® Ô¿µ» »¿» ¬¸» °®»«®» ±² ¬¸» Ø·¹¸ 

Ü¿³ô ¾«¬ ±²´§ ¼±» ± ¾§ ´»¬¬·²¹ ©¿¬»® º´±© 

¬± ³±¬´§ ®±½µ§ ¿²¼ ¿²¼§ ´¿²¼ ·² ¸¿®¸ 

»²ª·®±²³»²¬¿  ́ ½±²¼·¬·±² ¬¸¿¬ ¿®» ª»®§ º¿® 

º®±³ ¬¸» ³¿·² º±±¼ ½±²«³°¬·±² ¦±²» ·² 

Ù®»¿¬»® Ý¿·®± ¿²¼ Ü»´¬¿ò Ì¸»» ®»¿±² 

³¿µ» ·¬ ª»®§ ®·µ§ ¬± ·²ª»¬ ·² ¿¹®·½« ¬́«®¿´ 

°®±¶»½¬ ·² Ì±¸µ¿ô ¿²¼ ¸»²½» ®»°»´ 

·²ª»¬±®ò Ý±²»¯«»²¬´§ô ·º ¬¸» ¬¿¬« ¯«± 

½±²¬·²«» ¬± »¨·¬ô Û¹§°¬ · »¨°»½¬»¼ ¬± 

»¨°»®·»²½» ©±®»²»¼ ©¿¬»® ¸±®¬¿¹» ·² ¬¸» 

½±³·²¹ ¼»½¿¼»ò 

 

Ì¸» ±¬¸»® ·«» ®»¹¿®¼·²¹ ¬¸» Ø·¹¸ Ü¿³ · 

¬¸» ¾´±½µ·²¹ ±º »¼·³»²¬ ¿²¼ ²¿¬«®¿´ 

Page 27 / 522



 
 

º»®¬·´·¦»® ¬¸¿¬ ¿®» ¾®±«¹¸¬ ·² ©·¬¸ ¬¸» ®·ª»®ò 

Ì¸· ½¿«»¼ Û¹§°¬ ¬± «» ³±®» º»®¬·´·¦»® ¿²¼ 

°»¬·½·¼» °»® ¸»½¬¿®» ±º ½®±°´¿²¼ ¬¸¿² ¿²§ 

±¬¸»® ßº®·½¿² ½±«²¬®§ ÅèÃ ®»¿½¸·²¹ ¿´³±¬ 

ìðð µ·´±¹®¿³ °»® ¸»½¬¿®» ·² îððî Å·¾·¼òÃò 

Ð®·±® ¬± ¬¸» ½±²¬®«½¬·±² ±º ¬¸» Ø·¹¸ Ü¿³ô 

º®»¸ ©¿¬»® º®±³ ¿²²«¿´ º´±±¼ ·²º´«»²½»¼ 

¿´·²·¬§ ¿²¼ ½·®½«´¿¬·±² °¿¬¬»®² «° ¬± èð µ³ 

±ºº¸±®» º®±³ ¬¸» ¼»´¬¿ò Ì¸» ½«®®»²¬ 

¼·½¸¿®¹» °¿¬¬»®² ¿´´±© ¿´¬ ©¿¬»® º®±³ ¬¸» 

Ó»¼·¬»®®¿²»¿² ¬± ®»¿½¸ ¼¿³ «° ¬± îê µ³ 

·²´¿²¼ ÅîìÃò Ü·³·²·¸»¼ º®»¸©¿¬»® ¿²¼ 

»¼·³»²¬ ¼»´·ª»®§ ¬± ¬¸» Ü» ¬́¿ ¿´± ¿ºº»½¬ 

¬¸» »½±´±¹§ ±º ½±¿¬¿´ ´¿¹±±²ô ±·´ º»®¬·´·¬§ô 

¿²¼ ¿´·²·¿¬·±² ±º ·®®·¹¿¬»¼ ´¿²¼ Å·¾·¼òÃò  

 

Ì¸»» ¿´¿®³·²¹ ·«» ®¿·» ¼±«¾¬ ·² ¬¸» 

¿½½±«²¬¿¾·´·¬§ ±º ¬¸» ½«®®»²¬ ¼»ª»´±°³»²¬ 

°´¿² ·² ¬¸» ¼»°¿®¬³»²¬ ±º ´¿²¼ ®»½´¿³¿¬·±²ô 

¿¹®·½« ¬́«®» ¿²¼ º±±¼ °®±¼«½¬·±²ò Ú¿¬ 

®»ª··±² ±º ·®®·¹¿¬·±² ¬»½¸²·¯«» ¿²¼ ©¿¬»® 

«» °±´·½§ ·² ¹»²»®¿´ · ¿ ³«¬ò 

 

ëò Ø»¿¬ ×´¿²¼ ¿²¼ Ë®¾¿²·¦¿¬·±² 

Í·²½» ïèïèô ¬¸» ¸»¿¬ ·´¿²¼ °¸»²±³»²±² 

¸¿ ¾»»² ®»½±¹²·¦»¼ ·² ¬¸» ½·»²¬·º·½ 

½±³³«²·¬§ô ¿º¬»® ¬¸» ©±®µ ±º Ô«µ» 

Ø±©¿®¼ò ×¬ · ¹»²»®¿´´§ ¼»º·²»¼ ¿ ¿² 

·²½®»¿» ·² ¬¸» ¬»³°»®¿¬«®» ±º ¿ ½·¬§ ±® ¿² 

«®¾¿² ¿®»¿ô ³±®» ¬¸¿² ·¬ «®®±«²¼·²¹ô ¼«» 

¬± ¸«³¿² ¿½¬·ª·¬·» ¿²¼ ¬®«½¬«®» ÅçÃò ×² 

Ù®»¿¬»® Ý¿·®± ¿®»¿ô ¬¸· °¸»²±³»²±² ¸¿ 

½±³¾·²»¼ ©·¬¸ ¿·® °±´´«¬·±² ¿²¼ ©·²¼ 

¬¿¹²¿²½§ ¼«®·²¹ ±³» ³±²¬¸ ±º ¬¸» §»¿® 

¬± º±®³ ©¸¿¬ · ©·¼»´§ µ²±©² ¿ ¬¸» �Þ´¿½µ 

Ý´±«¼�ô ©¸·½¸ · ¿ ¬¸·½µ ¾´¿½µ º±¹ ¬¸¿¬ 

½±ª»® Ù®»¿¬»® Ý¿·®± ®»¹·±² ¼«®·²¹ º¿´´ 

ÅïêÃò 

Ì¸· · ³¿·²´§ ½¿«»¼ ¾§å 

i Ë» ±º ¾´¿½µ ¿°¸¿´¬ ®±¿¼ 

i Ü»²» ¬®¿ºº·½ 

i Ú±·´ º«»´ ¾«®²·²¹ 

i ×²¼«¬®·¿  ́¿®»¿ ¿®±«²¼ Ý¿·®± 

i Ð®»»²½» ±º ÙØÙ ·² ¿·® 

i Ë» ±º ½»³»²¬ ·² ½±²¬®«½¬·±² 

 

 
Ú·¹òëò Í³±¹ ½±ª»®·²¹ ¬¸» µ§ ±º Ý¿·®±ò 

ø¹®»»²°®±°¸»¬ò½±³÷ 

 

ß¬ ¬¸» ¿³» ¬·³»ô «®¾¿²·¦¿¬·±² ±º 

½±«²¬®§·¼» · ¿ ³¿¶±® ·«» ¬¸¿¬ ·²½®»¿» 

°±´´«¬·±² ¿²¼ ©·´´ »ª»²¬«¿´´§ ½¿«» º±±¼ 

¸±®¬¿¹»ò ß½½±®¼·²¹ ¬± Ü®ò Ú¿®±«¯ Û  ́ Þ¿¦ô 

Û¹§°¬ ©·´´ ´±» ïððû ±º ·¬ ¿¹®·½« ¬́«®¿´ 

´¿²¼ ¼«» ¬± «®¾¿²·¦¿¬·±² ¿º¬»® ïèí §»¿® ÅíÃò 

Ì¸· ³»¿² ¬¸¿¬ ðòëìû ±º ¿¹®·½«´¬«®¿´ ´¿²¼ 

·² Û¹§°¬ · ´±¬ »ª»®§ §»¿®ò ß²±¬¸»® 

©¿®²·²¹ »¬ ¾§ Û¹§°¬� Ü»»®¬ Î»»¿®½¸ 

Ý»²¬»® øÜÎÝ÷ ¿§ ¬¸¿¬ ¶«¬ ±ª»® ï ¸»½¬¿®» 

±º ¿¹®·½«´¬«®¿´ ´¿²¼ · ´±¬ »ª»®§ ¸±«® ¼«» ¬± 

½±²¬®«½¬·±² ±² ¿¹®·½«´¬«®¿´ ´¿²¼ô ¿ ¬́¸±«¹¸ 

·¬ · ¿ ½®·³·²¿´·¦»¼ ¿½¬ ¿½½±®¼·²¹ ¬± ¬¸» ´¿© 

ÅïíÃò  

 

 
Ú·¹òêò  Ò·¹¸¬ ª·»© ±º Ô±©»® Û¹§°¬ ¿²¼ ¬¸» Ü»´¬¿ 

º®±³ °¿½»ò øÙ±±¼ò·÷ 

 

Ý±³¾·²»¼ ©·¬¸ ¸»¿¬ ·´¿²¼ »ºº»½¬ô ¬¸· ³¿§ 

¬«®² ¬¸» ®»¬ ±º ¬¸» Ò·´» ª¿´´»§ ·²¬± ±²» ¾·¹ 

°±´´«¬»¼ ¿®·¼ «®¾¿² ¦±²»ô ·³·´¿® ¬± ¬¸» ½¿» 

±º Ý¿·®±ò Ð±´´«¬·±² ´»ª»´ ¿®» ¿´± »¨°»½¬»¼ 

¬± ¹®±© ¸·¹¸»® ·² ¿² ·²½®»¿»¼ ²«³¾»® ±º 

«®¾¿² ¦±²» ·² ¬¸» Ò·´» ª¿´´»§ ¿²¼ Ü»´¬¿ò 

  

Page 28 / 522



 
 

 
Ú·¹òéò Ù®»¿¬»® Ý¿·®± ®»¹·±² »¨°¿²·±² ïçêëóïççèò 

øÒßÍß Û¿®¬¸ Ñ¾»®ª»®÷ 

 

Î»«´¬ 

 

Ì¸» ½±³¾·²¿¬·±² ±º ¬¸» ¿º±®»³»²¬·±²»¼ 

¬¸®»¿¬ ¬±¹»¬¸»® ©·¬¸ »½±²±³·½ ¼»½´·²» ¿²¼ 

°±°«´¿¬·±² ¾±±³ ½¿² ¾» ½¿¬¿¬®±°¸·½ò Ì¸» 

»¨°»½¬»¼ ·¬«¿¬·±² ½¿² ¾» ¼»½®·¾»¼ ¿å 

 

± Ú±±¼ Ý®·· 

Í·²½» ¬¸» Ò·´» Ü»´¬¿ · ®»°±²·¾´» º±® ¿¾±«¬ 

ìðû ±º Û¹§°¬� º±±¼ °®±¼«½¬·±² ÅêÃ 

¼®±©²·²¹ ±º îðû ±º ·¬ «²¼»® »¿©¿¬»® 

³»¿² ¿ ³»®» èû ¸±®¬¿¹» ·² º±±¼ 

°®±¼«½¬·±² ¾§ îðëðò ß¬ ¬¸» ¿³» ¬·³»ô 

«®¾¿² »¨°¿²·±² ¼»½®»¿» ¿¹®·½«´¬«®¿´ ´¿²¼ 

·² ¬¸» Ò·´» ª¿´´»§ ¾§ ¿² ¿ª»®¿¹» ±º ðòëìû 

°»® §»¿®ò ßº¬»® ìð §»¿® ¬¸· ½±«´¼ ¼»¬®±§ 

«° ¬± îðû ±º ¿¹®·½«´¬«®¿´ ´¿²¼ô ½¿«·²¹ ¿ 

¸«¹» ¼»º·½·¬ ·² »»²¬·¿´ ½®±° «½¸ ¿ 

©¸»¿¬ô ½±®² ¿²¼ ®·½»ò Þ§ îðëðô ¼»½´·²» ·² 

§·»´¼ ¼«» ¬± ½´·³¿¬» ½¸¿²¹» · »¨°»½¬»¼ ¬± 

®»¿½¸ îèû º±® ±§¾»¿²ô ïèû º±® ©¸»¿¬ ¿²¼ 

¾¿®´»§ô ïçû º±® ³¿·¦» ¿²¼ ±®¹¸«³ ¿²¼ 

ïïû º±® ®·½» ÅìÃò Õ²±©·²¹ ¬¸¿¬ Û¹§°¬ 

¿´®»¿¼§ ·³°±®¬ ìðû ±º ·¬ º±±¼ 

½±²«³°¬·±²ô ¿ »ª»®» º±±¼ ½®·· ³¿§ ¾» 

¿¸»¿¼ò Ó±®»±ª»®ô ¬¸» »¨½»·ª» «» ±º 

º»®¬·´·¦»®ô »°»½·¿´´§ ¬¸±» ©¸·½¸ ½±²¬¿·² 

²·¬®±¹»² ½±³°±«²¼ô ¸¿®³ ¿¯«¿¬·½ ´·º» 

¹®»¿¬´§ò Ú»®¬·´·¦»® ®«²±ºº ©·¬¸ ·®®·¹¿¬·±² 

°±«® ¾·¹ ¿³±«²¬ ±º ²·¬®±¹»² ½±³°±«²¼ 

·²¬± ¬¸» »¿ô »²¸¿²½·²¹ ¬¸» ¹®±©¬¸ ±º ¿´¹¿» 

¿²¼ ±¬¸»® ³·½®±ó±®¹¿²·³ ±² ¬¸» ¬±° ·² ¿ 

°¸»²±³»²±² ½¿´´»¼ �ß´¹¿» Þ±±³�ò Ì¸· 

°®»ª»²¬ «²´·¹¸¬ º®±³ ®»¿½¸·²¹ »¿ ¾±¬¬±³ 

°´¿²¬ ¿²¼ ½±®¿  ́ ®»»º ½¿«·²¹ ½±®¿´ 

¾´»¿½¸·²¹ô ©¸·½¸ ¼»¬®±§ ¸¿¾·¬¿¬ ±º ³¿²§ 

º·¸ °»½·»ò Ì¸· °¸»²±³»²±² ½¿² ©±®»² 

¬¸» ¿²¬·½·°¿¬»¼ º±±¼ ½®·· ¾§ ®»¼«½·²¹ ¬±¬¿´ 

º·¸ ½¿¬½¸ º®±³ ¬¸» Ó»¼·¬»®®¿²»¿²ô ©¸·½¸ · 

¬¸» ³¿·² ±«®½» º±® º·¸ º±® ¬¸» ©¸±´» 

½±«²¬®§ò 

  

± É¿¬»® Í¸±®¬¿¹» 

Ì¸» ·²½®»¿·²¹ °±°«´¿¬·±² ±º Û¹§°¬ ¿²¼ 

¸®·²µ¿¹» ±º ¿¹®·½« ¬́«®¿´ ´¿²¼ ·² ¬¸» Ò·´» 

ª¿´´»§ ®»¯«·®»¼ ®»½´¿³¿¬·±² ±º ³±®» ´¿²¼ ·² 

¬¸» ¼»»®¬ô ©¸·½¸ ½±²«³» ¸«¹» ¿³±«²¬ 

±º ©¿¬»®ò Ø±©»ª»®ô ©¿¬»® ®»±«®½» º®±³ 

¬¸» Ò·´» ¿®» ´·³·¬»¼ ¬± ëëòë ¾·´´·±² ½«¾·½ 

³»¬»® °»® §»¿®ô ©¸·½¸ ¿®» êêû ±º ¬¸» 

®·ª»®� ©¿¬»® ¾«¬ ¾¿®»´§ ½±ª»® ½«®®»²¬ 

½±²«³°¬·±² °¿¬¬»®²ò Ûª»² ¬¸· ¸¿®» · 

°®±²» ¬± ¼»½®»¿» ¿º¬»® Û¬¸·±°·¿ ¿²¼ 

Ë¹¿²¼¿ ¸¿ª» »¨°®»»¼ ·²¬»®»¬ ·² ¾«·´¼·²¹ 

¼¿³ ¬± «» ³±®» ©¿¬»® ¿²¼ ¹»²»®¿¬» °±©»® 

ÅïðÃò Ð«³°·²¹ ±º ¿¯«·º»® · ¿´± ½¸¿´´»²¹»¼ 

¾§ ·²½®»¿»¼ ¿´·²·¬§ ¿²¼ ´¿½µ ±º º«²¼ò Ì¸» 

½±³¾·²¿¬·±² ±º ¬¸»» º¿½¬±® ¸¿ °«¬ Û¹§°¬ 

·² ¬¸» è
¬¸

 °´¿½» ±² ¬¸» ´·¬ ±º ¬¸» ¬±° ¬»² 

½±«²¬®·» ¿¬ ®·µ ±º ©¿¬»® ¸±®¬¿¹»ô ¾§ 

Ù´±¾¿´ Î»»¿®½¸ô Ý¿²¿¼¿ò 

 

± Î»´±½¿¬·±² ±º Ó·´´·±² ±º Ý·¬·¦»² 

Í»¿©¿¬»® ´»ª»´ ®·» ³»²¬·±²»¼ ·² »½¬·±² 

¬©± ¬¸®»¿¬»² ´¿²¼ ·²¸¿¾·¬»¼ ¾§ ¿´³±¬ îð 

³·´´·±² ·²¸¿¾·¬¿²¬ ·² ¬¸» ³±¬ »ª»®» ½¿»ò 

ß¬ ¬¸» ¿³» ¬·³»ô ´± ±º ¿¹®·½« ¬́«®¿´ ´¿²¼ 

¼«» ¬± ·²½®»¿»¼ ¿´·²·¬§ô «®¾¿²·¦¿¬·±²ô 

¼»»®¬·º·½¿¬·±² ¿²¼ ©¿¬»® ¸±®¬¿¹» ½¿² °«¸ 

³±®» ³·´´·±² ¬± ³±ª» º®±³ ¬¸»·® ´¿²¼ò 

Ì¸»» ³·´´·±² ±º ½·¬·¦»² ©·´´ ²»»¼ ²»© 

¸±³» ¿²¼ ²»© ©±®µ ±°°±®¬«²·¬·» ©¸·½¸ 

³·¹¸¬ ²±¬ ¾» ¿ª¿·´¿¾´» ¿¬ ±²½»ò Ì¸· ½¿² 

º±®³ ¾·¹ ²«³¾»® ±º ©¸¿¬ · ½¿´´»¼ �½´·³¿¬» 

Page 29 / 522



 
 

®»º«¹»»� ¿²¼ñ±® °«¬ ³±®» °®»«®» ±² 

»¨·¬·²¹ ½·¬·» ·²º®¿¬®«½¬«®» ¿²¼ ¬¸» 

»½±²±³§ ·² ¹»²»®¿´ò 

 

± Ô± ±º Ø»®·¬¿¹» 

Í»¿©¿¬»® ´»ª»´ ®·» ½¿² ½¿«» ¬¸» ´± ±º 

°®·½»´» ¸»®·¬¿¹» ·¬» ·² ¬¸» ²±®¬¸»®² ½±¿¬ 

±º Û¹§°¬ò Ì¸» Ó»¼·¬»®®¿²»¿² ½±¿¬ · ®·½¸ ·² 

Ù®»»µô Î±³¿² ¿²¼ ×´¿³·½ ¸»®·¬¿¹» ·² ¬¸» 

®»¹·±² ±º ß´»¨¿²¼®·¿ô Î±»¬¬¿ô Ð±®¬¿·¼ô 

¿²¼ Ü¿³·»¬¬¿ò Ì¸» ·²½®»¿»¼ ¿´·²·¬§ ±º ¬¸» 

Ü» ¬́¿ ¿®»¿ ½¿² ¿´± ¼¿³¿¹» ³¿²§ ¾«®·»¼ 

¿®¬·º¿½¬ ¿²¼ ¬±³¾ ¬¸¿¬ ¼¿¬» ¾¿½µ ¬± 

ß²½·»²¬ Û¹§°¬ò Í¿²¼ ¼«²» ³±ª»³»²¬ ·² 

¬¸» É»¬»®² Ü»»®¬ ½¿² ¿´± ½±ª»® ³¿²§ 

«²¼·½±ª»®»¼ ¸»®·¬¿¹» ·¬» »°»½·¿´´§ ¬¸¿¬ 

¬¸» ©»¬ ±º ¬¸» Ò·´» ©¿ ¬¸» °®»º»®®»¼ ¾«®·¿´ 

°´¿½» ¬¸®±«¹¸ ¬¸» ¸·¬±®§ ±º ß²½·»²¬ Û¹§°¬ò 

 

± Í°®»¿¼ ±º Ü·»¿» 

Ì¸» ¾´±½µ·²¹ ±º »¼·³»²¬¿¬·±² ±º ¬¸» ®·ª»® 

Ò·´» ¸¿ ¬±°°»¼ ³¿²§ ²«¬®·»²¬ º®±³ 

®»¿½¸·²¹ ½®±°´¿²¼ô ´»¿¼·²¹ ¬± ·²½®»¿»¼ «» 

±º ½¸»³·½¿´ º»®¬·´·¦»® ¿²¼ °»¬·½·¼» ©¸·½¸ 

¿®» ¸¿®³º«´ ¬± ³¿² ¿²¼ ³¿²§ ¿²·³¿´ 

°»½·»ò Ì¸» ¿²¬·½·°¿¬»¼ º±±¼ ½®·· ¿²¼ 

¿¹®·½« ¬́«®¿  ́ ´¿²¼ ´± ³¿§ ·²¼«½» ³±®» «» 

±º º»®¬·´·¦»® ¿²¼ °»¬·½·¼» ¬± »²¸¿²½» ¬¸» 

°®±¼«½¬·±² ±º ¬¸» ®»³¿·²·²¹ ´¿²¼ô ½¿«·²¹ 

³±®» ¼¿³¿¹» ±² ¬¸» ´±²¹ ®«²ò ß¬ ¬¸» ¿³» 

¬·³»ô °±´´«¬·±²ô ¹´±¾¿´ ©¿®³·²¹ ¿²¼ 

·²½®»¿·²¹ °±°«´¿¬·±² ½±³¾·²»¼ ©·¬¸ 

³¿´²«¬®·¬·±² ³¿§ ´»¿¼ ¬± °®»¿¼ ±º ¸»¿ ¬́¸ 

¬¸®»¿¬ ´·µ» ·²½®»¿»¼ °®»ª¿´»²½» ±º »ª»®·¬§ 

±º ¿¬¸³¿ô ·²º»½¬·±« ¼·»¿»ô ª»½¬±® ¾±®²» 

¼·»¿»ô °¸§·±´±¹·½¿´ ¼·±®¼»®ô µ·² 

½¿²½»®ô »§» ½¿¬¿®¿½¬ô ®»°·®¿¬±®§ ¿·´³»²¬ô 

¸»¿¬ ¬®±µ»ô ©±®»²»¼ ½¿®¼·±ª¿½«´¿® ¿²¼ 

®»°·®¿¬±®§ ·´´²»»ô ¼§»²¬»®·½ ·²º»½¬·±²ô 

¿²¼ ¸·¹¸»® ½¸·´¼ ³±®¬¿´·¬§ ®¿¬» ÅîðÃò 

 

± Û½±²±³·½ Ý±´´¿°» 

Ú±±¼ °®±¼«½¬·±² ¼»º·½·¬ ©·´´ ¬®·¹¹»® ³±®» 

º±±¼ ·³°±®¬ ©¸·½¸ ¿´®»¿¼§ ®»¿½¸»¼ ìðû ±º 

½±²«³»¼ º±±¼ ·² îðïð ¿²¼ êðû ±º ©¸»¿¬ò 

ÅîîÃò Í»¿©¿¬»® ´»ª»´ ®·» ½¿² ¿´± ¾» 

¸¿®³º«´ ¬± ¼±³»¬·½ ¬±«®·³ ¿²¼ 

¼»ª»´±°³»²¬ ·² ¬¸» ²±®¬¸ ½±¿¬å ©¸·´» 

½´·³¿¬» ½¸¿²¹» ½¿² ¸¿®³ º±®»·¹² ¬±«®·³ ·² 

¬¸» Î»¼ Í»¿ ¼«» ¬± ½±®¿´ ®»»ª» ¼¿³¿¹» 

ÅïèÃò Ý±³¾·²»¼ ©·¬¸ °±°«´¿¬·±² ¾«®¬ ¿²¼ 

¬¸» ½«®®»²¬ èòêû »²»®¹§ ¼»º·½·¬ ÅîïÃ ¬¸¿¬ · 

»¨°»½¬»¼ ¬± ®»¿½¸ îðû ·² îðîëô ¬¸» 

»½±²±³§ ©±«´¼ «ºº»® ¿ ¸«¹» ¼»½´·²» ·º ²± 

°»½·¿  ́°´¿² ©»®» «²¼»®¬¿µ»²ò 

 

Ó±®»±ª»®ô ¿ ±º íï Ó¿®½¸ îðïíô ²»¬ 

³±²»¬¿®§ ®»»®ª» ¸»´¼ ¾§ ¬¸» Ý»²¬®¿´ Þ¿²µ 

±º Û¹§°¬ ©»®» ËÍÜ ïíòì ¾·´´·±² ½±³°¿®»¼ 

¬± ËÍÜ íê ¾·´´·±² ·² »¿®´§ îðïï ¼«» ¬± ¿ 

©·¼»²·²¹ ¬®¿¼» ¼»º·½·¬ ¿²¼ ¬¸» ½±²¬·²«»¼ 

¼»½´·²» ·² ®»ª»²«» º®±³ ¬±«®·³ ¿²¼ 

º±®»·¹² ¼·®»½¬ ·²ª»¬³»²¬ ÅèÃò Õ²±©·²¹ 

¬¸¿¬ ¾»¬©»»² Í»°¬»³¾»® îðïî ¿²¼ ß°®·´ 

îðïí ¬¸» Û¹§°¬·¿² °±«²¼ ´±¬ ïïû ±º ·¬ 

ª¿´«» ¬±  ËÍ ¼±´´¿® øº®±³ ËÍÜ ï »´´·²¹ ¿¬ 

ÛÙÐ êòðè ¬± êòè÷ ó¿²¼ ¸»²½» ·²½®»¿·²¹ 

°®·½» ·² ´±½¿´ ³¿®µ»¬ó ¼»°·¬» »¿·²¹ 

°®·½» ¹´±¾¿´´§ô ·¬ · ±¾ª·±« ¬¸¿¬ »½±²±³·½ 

¼»½´·²» · ¿´®»¿¼§ ·² ¬¸» ½»²»ò Ì¸» º±®»»»² 

¼»½´·²» ¼«» ¬± ¬¸» ·«» »¨¸·¾·¬»¼ ·² ¬¸· 

©±®µô ½±³¾·²»¼ ©·¬¸ ¬¸» »¨·¬·²¹ ±²» ³¿§ 

´»¿ª» Û¹§°¬ ©·¬¸ ¿ ¬±¬¿´´§ ½±´´¿°»¼ 

»½±²±³§ò 

 

Ü·½«·±² 

 

×¬ · ¬± ¾» ½±²½´«¼»¼ º®±³ ¬¸» ¼·½«»¼ 

·«» ¬¸¿¬ Û¹§°¬ · º¿½·²¹ »ª»®» °®±¾´»³ 

¬¸¿¬ º±®³ ª¿¬ ½¸¿´´»²¹» ¬± º«¬«®» 

¼»ª»´±°³»²¬ °´¿²ò ß´¬¸±«¹¸ ¬¸»» ·«» 

©»®» ¬®·¹¹»®»¼ ¾§ ¸«³¿² ¿½¬·ª·¬·» ·² ³±¬ 

½¿»ô ¬¸»§ ¿®» ¿´± »¨°»½¬»¼ ¬± ¾» 

©±®»²»¼ ¾§ ½´·³¿¬» ½¸¿²¹»ò Ì¿µ·²¹ ·²¬± 

½±²·¼»®¿¬·±² ¬¸» °±´·¬·½¿´ «²®»¬ ¿²¼ 

»½±²±³·½ ¿²¼ ±½·¿´ ¼»½´·²» ¬¸¿¬ º±´´±©»¼ 

¬¸» îë
¬¸

 ±º Ö¿²«¿®§ îðïïô ¬¸» ·«» 

¿¼¼®»»¼ ·² ¬¸· ©±®µ ³¿§ ¸¿ª» ©±®» 

½±²»¯«»²½» ±² ¬¸» ¿´®»¿¼§ó¬®»»¼ 

½±³³«²·¬§ ±º Û¹§°¬ò Ú«¬«®» ¼»ª»´±°³»²¬ 

½¸»³» ¸¿ª» ¬± ¾» ¹®»¿¬´§ ®»ª··¬»¼ ·² 

±®¼»® ¬± ³¿·²¬¿·² ¿² ¿½½»°¬¿¾´» ´·ª·²¹ 

¬¿²¼¿®¼ º±® ¬¸» Û¹§°¬·¿² °»±°´» ·² ¬¸»» 

½·®½«³¬¿²½»ò 

 

Ì¸» ®»½±³³»²¼»¼ ¿°»½¬ ±º ½¸¿²¹» ·² 

½«®®»²¬ ²¿¬·±²¿´ ¼»ª»´±°³»²¬ °´¿² ½¿² ¾»å 

i Ú®»¸ ©¿¬»® ½¿²¿´ 

×²¿«¹«®¿¬·±² ±º ²»© º®»¸ ©¿¬»® ½¿²¿´ ¿²¼ 

¼»»°»²·²¹ ±º »¨·¬·²¹ ±²» ©·´´ ¸»´° 

Page 30 / 522



 
 

¬®¿²°±®¬ ¬¸» Ò·´»� º®»¸ ©¿¬»® ¬± ¼®§ ¿²¼ 

¬± ®»½´¿·³»¼ ´¿²¼ò 

i Ô·³·¬·²¹ ½¸»³·½¿´ º»®¬·´·¦»® ¿²¼ 

°»¬·½·¼» «» 

Î»º®¿·²·²¹ º®±³ »¨½»·ª» «» ±º ½¸»³·½¿´ 

º»®¬·´·¦»® ¿²¼ °»¬·½·¼» ½¿² ¸»´° ®»¼«½» 

¿¹®·½« ¬́«®¿  ́´¿²¼ ¼»¹®¿¼¿¬·±²ò ß´¬»®²¿¬·ª»´§ô 

¿½½«³«´¿¬·²¹ »¼·³»²¬ ·² Ò¿»® Ô¿µ» 

©¸·½¸ ¿®» ®·½¸ ·² ²¿¬«®¿  ́ º»®¬·´·¦»® ¿²¼ 

²«¬®·»²¬ ½¿² ¾» ¬®¿²°±®¬»¼ ¿²¼ «»¼ ·² 

¿¹®·½« ¬́«®¿  ́´¿²¼ò 

i Î»ó°´¿²²·²¹ ±º Ò±®¬¸ Ý±¿¬ 

¼»ª»´±°³»²¬ 

Õ²±©·²¹ ¬¸» ¿®»¿ ±º ¬¸» Ò·´» Ü» ¬́¿ ¿²¼ 

²±®¬¸»®² ½±¿¬ ¬¸¿¬ ¿®» ¿¬ ®·µ ±º ¼®±©²·²¹ô 

¼»ª»´±°³»²¬ °´¿² «½¸ ¿ ¬±«®·¬·½ °®±¶»½¬ 

¿²¼ «®¾¿² »¨°¿²·±² ¸¿ª» ¬± ¾» ¿¼¶«¬»¼ ·² 

±®¼»® ¬± ³·²·³·¦» ²»¹¿¬·ª» ·³°¿½¬ò 

i Ý®»¿¬·²¹ ²»© ½±³³«²·¬·» ±«¬ ±º 

¬¸» Ò·´» ª¿´´»§ 

ß «®¾¿²·¦¿¬·±² · ¼»¬®±§·²¹ ¿² ·²½®»¿·²¹ 

°±®¬·±² ±º º»®¬·´» ¿¹®·½«´¬«®¿´ ´¿²¼ ·² ¬¸» 

Ò·´» ª¿´´»§ô ²»© ½±³³«²·¬·» ¸¿ª» ¬± ¾» 

½®»¿¬»¼ ±«¬ ±º ¬¸» ±´¼ ª¿´´»§ ·² ±®¼»® ¬± ¸±¬ 

¬¸» ±¿®·²¹ °±°«´¿¬·±²ò  

i Ð®±³±¬·²¹ »²»®¹§ó»ºº·½·»²¬ ¿²¼ 

«¬¿·²¿¾´» ¿®½¸·¬»½¬«®» 

Ù±ª»®²³»²¬ ¿²¼ °®·ª¿¬» ¾±¼·» ¸¿ª» ¬± 

°´¿§ ¬¸»·® ®±´» ·² °®±³±¬·²¹ »²»®¹§ó»ºº·½·»²¬ 

¿²¼ «¬¿·²¿¾´» ¾«·´¼·²¹ô ·² ±®¼»® ¬± ¸»´° 

®»¼«½» °®»«®» ±² ®»±«®½» ¿²¼ ¼»½®»¿» 

»²»®¹§ ¼»º·½·¬ò ß´±ô ½±²¬®«½¬·±² ¿½¬·ª·¬·» 

¬¸¿¬ ½¿«» »²ª·®±²³»²¬¿´ ¼»¹®¿¼¿¬·±² ³«¬ 

¾» ¼·½±«®¿¹»¼ò 

i Î»ª··²¹ º±±¼ ½±²«³°¬·±² °¿¬¬»®² 

Ü»°»²¼»²½§ ±² ½»®¬¿·² ¿¹®·½« ¬́«®¿´ 

°®±¼«½¬ «½¸ ¿ ©¸»¿¬ ¸¿ ¬± ¾» ¼»½®»¿»¼ò 

×²·¬·¿¬·ª» «½¸ °®±¼«½·²¹ ¾®»¿¼ «·²¹ ½±®² 

º´±«® ³«¬ ¾» «°°±®¬»¼ò Ó±®»±ª»®ô 

°®»¿¼·²¹ ¿ ½«´¬«®» ±º ¿ª·²¹ º±±¼ ®»±«®½» 

¿²¼ ¼»½®»¿·²¹ ´»º¬ó±ª»® ½¿² ¾» ±º ¹®»¿¬ 

¾»²»º·¬ò 

i Î¿··²¹ ¿©¿®»²» ¿¾±«¬ ½´·³¿¬» 

½¸¿²¹» 

Ð«¾´·½ ¿²¼ °®·ª¿¬» ¬¿µ»¸±´¼»® ³«¬ ¾» 

»²½±«®¿¹»¼ ¬± ®¿·» °«¾´·½ ¿©¿®»²» ¿¾±«¬ 

¬¸» ¬¸®»¿¬ ¿¬¬¿½¸»¼ ¬± ½´·³¿¬» ½¸¿²¹» ¿²¼ 

¬¸» »®·±«²» ±º ¬¸» ½«®®»²¬ ·¬«¿¬·±²ò 

Þ«·²»ó¿ó««¿´ ¿°°®±¿½¸ ³¿§ ²±¬ ¾» ¿² 

±°¬·±² ¿²§³±®»ò 

 

Î»º»®»²½» 

ïò ß¾±«µ¸¿´»¼ô ßòô »¬ ¿´òô Î»»¿®½¸ ±² 

Ý®±° É¿¬»® Ë»ô Í¿´¬ ßºº»½¬»¼ Í±·´ 

¿²¼ Ü®¿·²¿¹» ·² ¬¸» ß®¿¾ Î»°«¾´·½ 

±º Û¹§°¬æ ß Î»ª·»© ©·¬¸ 

Î»½±³³»²¼¿¬·±²ô ÚßÑ Ò»¿® Û¿¬ 

Î»¹·±²¿´ Ñºº·½»ô Ý¿·®±ô Û¹§°¬ô 

ïçéëò 

îò ß¹®¿©¿´¿ô Íò »¬ ¿ ò́ô Ü»ª»´±°³»²¬ 

¿²¼ Ý´·³¿¬» Ý¸¿²¹» ·² Û¹§°¬æ 

Ú±½« ±² Ý±¿¬¿´ Î»±«®½» ¿²¼ ¬¸» 

Ò·´»ô Ñ®¹¿²·¦¿¬·±² º±® Û½±²±³·½ 

Ý±ó±°»®¿¬·±² ¿²¼ Ü»ª»´±°³»²¬ô 

Ð¿®·ô îððìô °òîç 

íò Þ¿®¿µ¿ô Øòô Ù®»»² Ð®±º·´»æ ×²¬»®ª·»© 

©·¬¸ Ú¿®±«¯ Û´ Þ¿¦ô Û¹§°¬ 

×²¼»°»²¼»²¬ô Ñ½¬±¾»® îð
¬¸

 îðïðò 

ìò Û·¼ô Óòô Ý´·³¿¬» ½¸¿²¹» ¬«¼·» ±² 

Û¹§°¬·¿² ¿¹®·½«´¬«®»ô Ð®±½»»¼·²¹ 

±º Û¹§°¬óËÍ É±®µ¸±° ±² Ù´±¾¿´ 

Ý´·³¿¬» Ý¸¿²¹»ô ÒßÎÍÍô ÛÛßß 

¿²¼ ËÍÛÐßô Ý¿·®±ô ïçççò 

ëò Û´ Î¿»§ô Óò »¬ ¿ ò́ô ß¼¿°¬¿¬·±² ¬± ¬¸» 

×³°¿½¬ ±º Í»¿ Ô»ª»´ Î·» ·² Û¹§°¬ô 

Ú´±®·¼¿ ×²¬·¬«¬» ±º Ì»½¸²±´±¹§ô 

Ê·®¬«¿´ Ý´·³¿¬» ß¼¿°¬·±² Ô·¾®¿®§ô 

ïçççò 

¸¬¬°æññ®»»¿®½¸òº·¬ò»¼«ñ»¿´»ª»´®·»´·¾

®¿®§ñ¼·®»½¬±®§ñ¿º®·½¿ý»½¬·±²óíèé 

øß°®·´ íô îðïí÷ 

êò Û´ Í¸»²²¿©§ô Ûò »¬ ¿´òô Ý´·³¿¬» 

Ý¸¿²¹» ß¼¿°¬¿¬·±² ·² ßº®·½¿ 

Ð®±¹®¿³ ß²²«¿´ Î»°±®¬ô ×ÜÎÝô 

Ý¿²¿¼¿ô îðïïô °òì 

éò Û´ Ï«±§ô Üòô ×²¬»¹®¿¬»¼ ©¿¬»® 

³¿²¿¹»³»²¬ ¿²¼ º¿®³»® 

°¿®¬·½·°¿¬·±² ·² Û¹§°¬ô ×ÙÞÐ 

Î»¹·±²¿  ́É±®µ¸±°ô ÓÛÒßô Ý¿·®±ô 

îððèò 

èò ÚßÑ Ù×ÛÉÍô Ý±«²¬®§ Þ®·»ºæ 

Û¹§°¬ îðïíô 

¸¬¬°æññ©©©òº¿±ò±®¹ñ¹·»©ñ½±«²¬®§¾®

·»ºñ½±«²¬®§ò¶°á½±¼»ãÛÙÇô øß°®·´ 

ïíô îðïí÷ 

Page 31 / 522



 
 

çò Ù¿®¬´¿²¼ô Ô·¿ô Ø»¿¬ ·´¿²¼æ 

«²¼»®¬¿²¼·²¹ ¿²¼ ³·¬·¹¿¬·²¹ ¸»¿¬ 

·² «®¾¿² ¿®»¿ô Û¿®¬¸½¿² 

Ð«¾´·½¿¬·±²ô Ô±²¼±²ô îððèò 

ïðò Ù´±¾¿´ Î»»¿®½¸ô Ì±° Ì»² Ý±«²¬®·» 

¿¬ Î·µ ±º É¿¬»® Í¸±®¬¿¹»ô îðïðô 

¸¬¬°æññ©©©ò¹´±¾¿´®»»¿®½¸ò½¿ñ¬±°ó

¬»²ó½±«²¬®·»ó¿¬ó®·µó±ºó©¿¬»®ó

¸±®¬¿¹»ñïçççê øÓ¿®½¸ îíô îðïí÷ 

ïïò Ø¿¿¿² ¿²¼ ß¾¼®¿¾±ô ß»³»²¬ 

±º ±½·±»½±²±³·½ ª«´²»®¿¾·´·¬§ ¬± 

ÍÔÎæ Ý¿» Í¬«¼§ Ü¿³·»¬¬¿ô Û¹§°¬ô 

Ü» ¬́¿ ¿¬ ¬¸» Ì·³» ±º Ý¸¿²¹» 

Ý±²º»®»²½»ô Î±¬¬»®¼¿³ô Ò»¬¸»®´¿²¼ 

Í»°¬»³¾»® îç
¬¸
ô îðïðò 

ïîò Ý¿» ¬«¼§ Ü¿³·»¬¬¿ô Û¹§°¬ 

ïíò Ø»¹¿¦§ô ßòÓò »¬ ¿´òô Û¹§°¬·¿² 

Ò¿¬·±²¿´ ß½¬·±² Ð´¿² ¬± Ý±³¾¿¬ 

Ü»»®¬·º·½¿¬·±²ô Ü»»®¬ Î»»¿®½¸ 

Ý»²¬»®ô Ó·²·¬®§ ±º ß¹®·½«´¬«®» ¿²¼ 

Ô¿²¼ Î»½´¿³¿¬·±²ô Û¹§°¬ô îððëô 

°òëê 

ïìò ×Î×Òô ÛÙÇÐÌæ Ü»»®¬·º·½¿¬·±² 

¬¸®»¿¬ ¬± ´±½¿´ º±±¼ °®±¼«½¬·±²ô 

×²¬»¹®¿¬»¼ Î»¹·±²¿´ ×²º±®³¿¬·±² 

Ò»¬©±®µô 

¸¬¬°æññ©©©ò·®·²²»©ò±®¹ñ®»°±®¬ñçíï

çíñ»¹§°¬ó¼»»®¬·º·½¿¬·±²ó¬¸®»¿¬ó¬±ó

´±½¿´óº±±¼ó°®±¼«½¬·±² øÓ¿§ ïï¬¸ô 

îðïí÷ 

ïëò ×ÐÝÝô ßÎìóÝ´·³¿¬» Ý¸¿²¹» îððéæ 

Í§²¬¸»· Î»°±®¬ô ×ÐÝÝô Ù»²»ª¿ô 

îððéô °°òíðô éí 

ïêò ×ÐÝÝô ß½¬·ª·¬·»ô îðïíô 

¸¬¬°æññ©©©ò·°½½ò½¸ñ¿½¬·ª·¬·»ñ¿½¬·ª·¬·

»ò¸¬³´ øÓ¿§ ïìô îðïí÷ 

ïéò Ô»·¬¦»´´ô Õ¿¬¸»®·²»ô ß Þ´¿½µ Ý´±«¼ 

Ñª»® Ý¿·®±ô Í»²·²¹ Ñ«® Ð´¿²»¬æ 

Û¿®¬¸ Í½·»²½» Î»»¿®½¸ Ú»¿¬«®» 

îðïïô ÒßÍßô îðïïò 

ïèò Ô«µ» Ø±©¿®¼ô Ì¸» ½´·³¿¬» ±º 

Ô±²¼±²ô ¼»¼«½»¼ º®±³ 

Ó»¬»±®±´±¹·½¿´ ±¾»®ª¿¬·±²ô ³¿¼» 

¿¬ ¼·ºº»®»²¬ °´¿½» ·² ¬¸» 

²»·¹¸¾±®¸±±¼ ±º ¬¸» ³»¬®±°±´·ô 

ª± ò́îô Ô±²¼±²ô ïèïèò 

ïçò Ó¿®¸¿´´ô Òòßò »¬ ¿´òô Ð®»°¿®·²¹ º±® 

Ý´·³¿¬» Ý¸¿²¹» ·² ¬¸» Î»¼ Í»¿ô 

×²¬»®²¿¬·±²¿´ Ë²·±² º±® 

Ý±²»®ª¿¬·±² ±º Ò¿¬«®» Ð«¾´·½¿¬·±² 

Í»®ª·½»ô Í©·¬¦»®´¿²¼ô îððçô °òî 

îðò Ò&/»¦ »¬ ¿´òô ß»·²¹ °±¬»²¬·¿´ 

¼»»®¬·º·½¿¬·±² »²ª·®±²³»²¬¿´ 

·³°¿½¬ ·² ´·º» ½§½´» ¿»³»²¬ô 

×²¬»®²¿¬·±²¿  ́ Ö±«®²¿´ ±º Ô·º» Ý§½´» 

ß»³»²¬ô Ê±´òïëøï÷ô îðïðô 

°°òêéóéè 

îïò Í¿¾»®ô Óòô Û²ª·®±²³»²¬ ·² 

Ö»±°¿®¼§æ Ý±²»¯«»²½» ±º Ý´·³¿¬» 

Ý¸¿²¹» ·² Û¹§°¬ô Ö±«®²¿  ́ ±º 

Û½±´±¹§ ¿²¼ ¬¸» Ò¿¬«®¿´ 

Û²ª·®±²³»²¬ Ê± ò́ ïøë÷ô îððìô 

°°òïçïóïçë 

îîò Í¿´¿¸ô Óòô Ù±ª»®²³»²¬ ¬± ®»´§ ±² 

±´¿® »²»®¹§ ¬± ¸±®» «° °±©»® 

¼»º·½·¬ô Ü¿·´§ Ò»© Û¹§°¬ô Ñ½¬±¾»® 

îì
¬¸

 îðïîô 

¸¬¬°æññ©©©ò¼¿·´§²»©»¹§°¬ò½±³ñîð

ïîñïðñîìñ¹±ª»®²³»²¬ó¬±ó®»´§ó±²ó

±´¿®ó»²»®¹§ó¬±ó¸±®»ó«°ó°±©»®ó

¼»º·½·¬ñ øß°®·´ ïëô îðïí÷ 

îíò Í¿´»³ô Óò »¬ ¿´òô Ó·²·¬»®æ Û¹§°¬ 

·³°±®¬ ìðû ±º ·¬ º±±¼ô Û¹§°¬ 

×²¼»°»²¼»²¬ô ß«¹«¬ ê
¬¸

 îðïðô 

¸¬¬°æññ©©©ò»¹§°¬·²¼»°»²¼»²¬ò½±³ñ²

»©ñ³·²·¬»®ó»¹§°¬ó·³°±®¬óìðó·¬ó

º±±¼ øÓ¿®½¸ ïèô îðïí÷ 

îìò Ì±³µ·²ô Ö±²¿¬¸¿² »¬ ¿ ò́ô 

Í«¬¿·²¿¾·´·¬§æ ß Ý±³°®»¸»²·ª» 

Ú±«²¼¿¬·±²ô Î·½» Ë²·ª»®·¬§ô 

Ý±²²»¨·±²ô ÌÈô îðïîô °°òëîóëê 

îëò ËÒÛÐô ß¬´¿ ±º Ý¸¿²¹·²¹ 

Û²ª·®±²³»²¬æ ßº®·½¿ô Ë²·¬»¼ 

Ò¿¬·±² Û²ª·®±²³»²¬ Ð®±¹®¿³ô ÒÇô 

îðïðô °°òïëîóïëç 

Page 32 / 522



Building Simulation Cairo 2013 - Towards Sustainable & Green Built Environment, Cairo, June 23rd - 24th 

 

Assessment for a Typical Housing Prototype (THP)
In Terms of Zero Carbon Effect

Case study:  Northern Western Coast Hinterland, Egypt.
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Abstract: Demonstrating efficient sustainable design can be measured by improving factors. Houses are
required to be designed and constructed in terms of decreasing zero carbon emissions and meeting environmental
targets. The creation of a prototype will help formalizing the typical housing prototype (THP) for a moderate
housing scale in Northern western cost hinterland in Egypt. The study suggests the creation of a typical unit in
terms of compliance with environmental aspects and reduction of energy loads through passive and active design
strategies as well as the existing Indigenous knowledge (IK) which reflects thousands of years of
experimentation and innovation in topics for culture in which it develops.
The integration of adequate technological elements is also considered to help keep the prototype and its
operation zero carbon. Among these elements is considered the usage of low cost photovoltaic units and
renewable energy scale measurements. The used material during design phase, construction and selection stage
for finishing works, each of these stages are stated in term of zero efficient criteria compared to the created
prototype.

Keywords: Sustainable design, Indigenous knowledge, Zero carbon, Energy efficient, Assessment, Housing
Prototype, Egypt, Simulation, HEED

1. Introduction

Warming of the climate system is
unequivocal, as is now evident from
observations of increases in global average
air and ocean temperatures, widespread
melting of snow and ice and rising global
average sea level [1].  Among all sectors,
building industry is identified as the major
contributor on carbon emission [2], from
energy used to heat, light and operate home.

Lately zero carbon terms have attracted
much attention in many countries as it is
considered as an important strategy to
achieve energy conservation and reduce
emissions of greenhouse gases [2].  The
paper demonstrates a suggestion for the
creation of a typical zero carbon housing
prototype (THP) in terms of compliance
with environmental aspects of Northern
western cost hinterland in Egypt. The
project is evaluated after the reinvestigation

and materials used in addition to the
integration of adequate technologies to help

keep the prototype and its operation zero
carbon as the usage of low cost
photovoltaic units, solar hot water, rain
water harvesting and Biogas plant
production.

2. Energy consumption problem
statement

Energy used to operate buildings is usually
the single largest source of building related
CO2 emissions including heating, cooling,
lighting and appliances. Energy used to
operate buildings accounts for 43% [3] of
total CO2 emissions and 76% [4] of
electricity consumption in the Egypt.  
In between 2007 and 2008, electricity
demand increased by 6.7 % Energy demand
is expected to double by 2022 from the
current 25,000 MW. Industry: 35% of

almost 50% is consumed by households and

from 1,000 barrels per day (bpd) to about
600 bpd from 1995 to 2010, diminishing
3.7% every year. 

Topic name: Climate Change & Architecture

Page 33 / 522

mailto:E-mail:aidanayer@gmail.com


Building Simulation Cairo 2013 - Towards Sustainable & Green Built Environment, Cairo, June 23rd - 24th 

 

target to meet 20% of electrical energy
demand from renewable energy resources
by the year 2020, including about 12%
from wind power (7200 MW wind power
capacity by 2020) hydro power with
additional contributions from other
renewable applications [3].

3. Design Intensions

Because, Egypt is blessed with the best
conditions for energy production from
renewable sources, such as wind, solar
power and biomass, Presented prototype
(THP) will maximize the application of
such concepts. The prototype defines a new
standard of sustainable design excellence
for both prefabricated and standardized
housing, taking in consideration IK for
selected built environment. 
In addition to applying zero carbon terms
which is considered as an important
strategy to achieve energy conservation and
reduce emissions of greenhouse gases [2].
The paper aims to present a suggestion for a
typical moderate single-family prototype
designed for the moderately warm humid
climate of Hinterland, Egypt.

4. Methodology

In order to achieve the stipulated aim, the
study presented in this paper, traces the
following steps:
1. Defining the benefits of applying

criteria for passive and active strategies
that could maximize a nearly zero
carbon housing prototype.

2. Describing Study area potentials in
terms of built environment aspects and
IK definitions.

3. Assessing the performance of the
prototype and carbon dioxide emissions,

Energy consumption and carbon dioxide
emission outputs are analyzed in steps:

a) Simulation as a conventional
building design, no shading devices
nor mechanical ventilation fans
used.

b) Simulation after adding passive
solar shading devices and
mechanical ventilation fans.

c) Simulation after the integration of
energy generation technologies to
generate electricity.

4. Passive Design Strategies

orientation, structure and materials to
. Homes in any

climate can take advantage of solar energy
by incorporating passive solar design
features and decreasing carbon dioxide
emissions. Even in cold winters, passive
solar design can help cut heating costs and
increase comfort [5].

Benefits of passive energy use: [5]
Comfort. Because a well-designed
passive solar home or building is
highly energy efficient, it is free of
drafts. Extra sunlight from the south
windows makes it more cheerful and
pleasant in the winter than a
conventional house.

Economy. If addressed at the design
stage, passive solar construction

conventional construction, and it can
save money on fuel bills.

Aesthetics. Passive solar buildings can
have a conventional appearance on the
outside, and the passive solar features
make them bright and pleasant inside.

Environmentally responsible. Passive
solar homes can significantly cut use of
heating fuel and electricity used for
lighting. If passive cooling strategies
are used in the design, summer air
conditioning costs can be reduced as
well.
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5. Study Area Potentials

5.1. Built Environment
The study area has a typical Mediterranean
climate. It is characterized by a long fairly
warm season and a short slightly rainy
temperature winter. Precipitation falls
mainly during the colder season from
autumn to spring. The prototype is therefore
designed for the warm humid climate of
Northern Western Coast Hinterland in
Alexandria region.

5.1.1. Solar Efficiency
Global warming and future energy security
lead to extensive research and development
of renewable energy systems and
equipment, especially solar energies. Solar
energy is estimated to be the most
important energy source by the year 2050.

Fig. (1) Egypt Annual average of global solar
radiations

The Solar Atlas was issued, indicating that
Egypt as one of the sun belt countries is
endowed with high intensity of direct solar

radiation ranging between 2000  3000
kWh/m2/year from North to South. 
The sun shine duration ranges between 9-11
h/day from North to South, with very few
cloudy days.
The study area characterized by global solar
radiation varies between 5.4 to 5.8
kWh/m2/days. This value is a good
efficiency source for producing solar
energy.

5.1.2. Wind Analysis
Three permanent high-pressure belts
control wind circulation over study area:
the Azores, the Indian Subtropical, and the
South Atlantic Subtropical. Besides these, a
permanent low-pressure belt, the doldrums,
crosses the African continent in the vicinity
of the equator. Seasonal high-and low-
pressure systems also alternate over the
continental mass, the Red Sea, the
Mediterranean, and the Arabian Peninsula.

Fig. (2) Main wind direction in the study area

Egypt enjoys an excellent wind regime,
particularly in the study area where the
wind speed reaches 10.5 m/sec. The Atlas
indicates that the wind energy resource is
available in a large region of the Western
Desert. The prevailing wind directions
during the winter season are between
southwest, west and northwest [6].
During spring: they are between NW, N
and NE. Occasionally, strong winds blow
between SE and SW. During summer:
mainly NW and frequency W &N. During
autumn: mainly NW, N and NE, with
occasions from SW and W.
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Occasionally, very hot dust-laden winds
which have numerous environmental
consequences including a possible effect on
climate, soil formation, ground-water
quality and crop growth (Goiridie, 1978).
They may create problems including
substantial degrees of deflation and erosion,
the spread of diseases through pathogen
transport, the suffocation of cattle,
disruption of transport and damage of
property. Visibility during these storms is
reduced substantially (below 1000 in).

5.1.3. Temperature
The temperature variation in the area under
investigation is very similar to those
recorded in the study area with mild
temperature during the day in summer and
warm temperatures during winter in the
northern (costal area) and southern parts of
the study area. (Table 1.1) lists certain
parameters concerning the temperature and
illustrates the average monthly temperature.
The max temperature varies from 42 on
June to 25 December. 

MONTH Abs.
Max.
Temp.

(0c)

Mean Max.
Temp.  (0c)

Mean Min.
Temp.  (0c)

Abs.
Min.

Temp.
(0c)

Mean No.
Days

Tem.>32

Jan 24 18 5 2 0
Feb 29 20 6 3 0
Mar 30 21 8 3 0
Apr. 32 24 12 6 3.5
May 38 30 17 9 12.3
Jun 42 32 19 17 18.2
Jul 41 32 21 18 20.2

Aug 38 31 21 16 21.1
Sept 36 31 19 13 18.2
Oct 32 28 18 9 17.2
Nov 27 24 11 6 0
Dec 25 20 9 2 0

Table (1.1). The Main temperature in the Study Area. 

5.1.4. Relative Humidity
The relative humidity in the study area is
affected mainly by the relative proximity to
the Mediterranean Coast and the Western
Desert. The lowest records are those of
inland locations of the arid and hyper-arid
provinces and highest are those of locations
to the Mediterranean coast.
 

Month Mean Relative Humidity (%) 
Jan 79 
Feb 76 
Mar 71 
Apr. 62
May 62 
Jun 64 
Jul 74 

Aug 75 
Sept 73 
Oct 75 
Nov 78 
Dec 79 

Table (1.2).The humidity distribution in the study area[7]

generally those of late spring whereas the
highest records are those of late autumn and
early winter (Table 1.2).

5.1.5. Moisture Region
The evaporative shows high values during
summer and early autumn with lower
values during late autumn and winter (9.7
m/day in September and 6.6 mm/day in
January at study area).
The dry seasons are marked by lack of
effective moisture terri

and in the lowering shallow water.

5.1.6. Rain fall
The study area has a winter rainfall
(Mediterranean regime); the rainy season
extends from November to April, though
mainly concentrated in December and
January [5].
These belts correspond roughly to the
attenuated and accentuated arid provinces
of northern Egypt, where the average
annual rainfall ranges from 100 to 192 mm
in the attenuated arid province; and from 20
to 100 mm in the accentuated arid province.
One of the major features of rainfall in arid
and semiarid regions, other than being
scanty, is its great temporal variability.
The area of concession is within the
Mediterranean coastal belt. The rainfall is
exceedingly irregular in space and duration.
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5.1.7. Atmosphere
a) Air Quality

The area is enjoying a clean air as it is
totally cultivated and a green cover
reducing its erosion by wind covers the soil
and hence its particulate matter contents is
rather low. The rural road is a rugged paved
road, and car movement can create a
temporary source of particulate matter
suspension in air.

b) Noise Level

The area is not suffering from any noise
generating activities and the background
noise level does not exceed 40-50 db.
Vibration and loud noises can be generated
during the mobilization of equipment at the
site, during the 2D seismic shooting,
drilling activities and operational stages of
the well if proven productive.

5.1.1. Ground Water
The shallow aquifer is brackish ground
water (mixed between rainfall and
seawater) as the main source of ground
water in the study area formation. The
salinity is range between 6000 to 12000
ppm.

Fig. (3) The ground water Salinity along and around
the study area.

5.2. Localized Indigenous Knowledge
In addition to IK, Development
professionals treasure this local knowledge,
finding it extremely useful in solving
complex problems of health, agriculture,
education, and the environment, both in
developed and in developing countries,
enhancing the ways that knowledge has
been adapted, applied, and disseminated.
Investigations from existing housing units
within the study area habitat demonstrated

the combination of indigenous architectural
elements leading to much more efficient
buildings in terms of adaptability to IK.
Major IK concepts applied:

5.2.1. Courtyard. Courtyard homes are
more prevalent in the study area, as an open
central court can be an important aid to
cooling house in warm weather. Courtyard
draws fresh air down through the wind
catch. The comforts offered by a courtyard-
air, light, privacy, security, and tranquility -
provides the shadows are properties nearly
universally desired in human housing.
Courtyard used for many purposes
including cooking, sleeping, working,
playing, gardening, and even places to keep
animals.

Fig. (4) Courtyard design

5.2.2. Thickness of stone walls. The walls
are designed to provide insulation, sunlight
filters through increase wall thickness (40-
50 cm).

5.2.3. Roof. It is placed a mixture of sand
and lime mortar above the linoleum protect
the bishop from the impact of the sun's heat
and reduces the permeability of water
falling from the rain in the winter. 

5.2.4. Narrow openings. Narrow openings
and high from the ground to prevent the
entry of heat during the day for the inside
and maintain them for the night.
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6. Housing Prototype Suggestion

This study produced prototype referred to
as Typical Housing Prototype (THP) which
is built on a 172.55 m² (13.50m x 16m)
with a central courtyard (8m x 4.5m)
single-story two bedroom unit based on the
square module dimension of 1.20m by
1.20m. The plan of the prototype is shown
in figure below.

Fig. (5) House prototype floor plan, by the authors

Features were considered to optimize the
integration of passive design strategies.
Building orientation determines the amount
of solar radiation it receives. In addition to
other elements such as Evergreen trees
were planted on north side to act as a wind
break in winter, while deciduous trees on
south side to shade in summer only.

6.1. Courtyard design
The central courtyard (8m x 4.50m) allows
spaces for relaxation and interaction of
occupants keeping their activities away
from neighbors in addition to passive
cooling strategies. It achieves enough
daylight penetration, reduces solar heat and
promotes cooling breezes while keeping out
hot and dusty wind.

6.2. Sun angles and Shadings
 oversize the amount of

south-facing windows as oversizing can
lead to overheating.
Horizontal exterior overhangs are used on
the south side of the building to block direct
summer sun. Ideal proportions for an
overhang are calculated by latitude
(Alexandria, 31.2000° N).
The overhang is large enough to block
summer sun, but  sun in
winter.

Fig.(6) South horizontal overhangs, by the author

Fig. (7) Cross section of the suggested prototype, by the authors
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6.3. Thermal Mass
The walls of the house are thick and
massive. The high-mass walls are cooled
from the cool night time temperatures. In
turn, the walls then cool the occupants
during the day by accepting the heat
radiating from their bodies.

6.4. Construction Materials
Walls: Solid 8" Masonry wall which
could be double wall for maximizing
thermal mass.
Roof Construction: Flat light weight
concrete (20 cm) and plaster (1 cm).
Floor: Slab on Grade covered by carpet
or casework.

: Clear Double
panel, low emissivity in a wooden
frame. (U=0.40, SHGC=0.40
Tvis=0.63)
Doors: Wooden 5 cm width.

6.5. Rain water harvesting
The roof of the building consists of gutters
or pipes that deliver rainwater falling on the
rooftop to the storage tank. Harvested water
can be used for toilet flushing and garden
irrigation.

6.6. Aquifer Water
Well pumps are built to be used for
extracting water from an underground
source

6.7. Energy Systems
6.7.1. Biogas Plant production

Biogas is one of many renewable energy
systems that provide greater independence
at very low cost. Produced gas from
anaerobic digestion of organic material will
usually be piped from the top of the tank to
a biogas cooking stove and/or biogas lights.

6.7.2. Photovoltaic (PV array)
Photovoltaic panels are installed on south-
facing roof which is inclined with an angle
to maximize the amount of electricity
produced.

6.7.3. Solar domestic hot water 
Solar hot water systems are used to collect
energy from the sun in panels or tubes to
produce domestic hot water used in the
house.

Fig. (8) Solar collector 
(http://solarenergyfactsblog.com/solar-hot-water-

system-annual-energy-production/

Fig. (9) 3D model of the suggested prototype, by the authors
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7. Modeling and Simulation
To assess the suggested prototype
performance, three steps of simulation were
performed to calculate the energy
consumption. 

Simulation as a conventional building
design, no shading devices nor
mechanical ventilation fans used.
Simulation after adding passive solar
shading devices and mechanical
ventilation fans.
Simulation after the integration of
energy generation technologies to
generate electricity needed.

The models were simulated using energy

Energy Efficient Design taking in
consideration
model does not consider courtyards,

power consumption should be lower. 

The main constant simulation inputs are
listed below

7.1. Initial Design
Type: A single Family House  1 story
Location: Alexandria, Egypt
Latitude: 31.20
Lowest indoor comfort: 70.00
Highest indoor comfort: 75.00 
Floor to Ceiling Height: 3 meters
Average number of occupants: 3.23
Hour when lights go on: 7 hours
Hour when lights go off: 23 hours
No attached garage 

7.2. Floor Planner 

Fig. (10) Floor Planner, HEED tool output

7.3. Orientation

 Fig. (11) Orientation, HEED tool output

7.4. 3D Massing
The wind catchers were not simulated in the 

such feature, real results should be more
efficient.

Fig. (12) 3D Massing, HEED tool output

7.5. Construction Materials
Glass type: Clear double panel, low-
emissivity in wood frame (U=0.40,
SHGC=0.40 Tvis=0.63)
Walls: Solid 8" Masonry wall,
uninsulated, esposed inside and outside.
Roof construction: Default Flat or Low
sloped roof  (less than 9.5 degrees)
Floor construction: Slab on Grade
covered by carpet or casework
Under first floor condition: Earth
Insulation: Insulation attic only
Radiant Barriers: No Radiant Barriers
in flat roof
Infiltration: Very poorly sealed older
building (estimated at SLA, specific
leakage area)
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Indoor Air Velocity: Gentle air
velocity, air motion up to 160FPM 
(will fell effectively 4.6 F cooler)
Natural Ventilation: Windows and
doors are manually opened if cooling is
needed and if outdoor temperature is
below comfort.
Heating Furnace: No Furnace and no
heat pump.
Cooling, Air conditioning: No air
conditioner and no heat pump

7.6. Modeling & Simulation 
6.6.1. Adding Passive solar shading

devices
Passive solar shading devices were added
according to the evaluation of shadows and
day lighting by the simulation tool.
East Façade:
As concluded from simulation, morning sun
is usually not a serious heat gain problem
so only vertical left fins can be used to
reduce direct sunlight.
In December
9.00

12.00

Fig. (13) East Shadows & Sunlight Evaluation in
December, HEED simulation tool output

In June
9.00

12.00

Fig. (14) East Shadows & Sunlight Evaluation in
June, HEED simulation tool output

The vertical fin is characterized by a
shading mask with a vertical shading line.

Fig. (15) Vertical Fins shading mask, ATE 598 
Building Energy AnalysisII I MSBE, Spring 2010, ASU

West Façade:
As concluded from simulation, vertical
right fins and horizontal overhangs can be
used to block direct sunlight.
Use movable devices for more efficient use
of daylight and to allow occupant
adjustment. 

Shading devices will not be effective for
low sun angles.
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In December
12.00

15.00

Fig. (16) West Shadows & Sunlight Evaluation in
December, HEED simulation tool output

In June
12.00

15.00

Fig. (17) West Shadows & Sunlight Evaluation in
June, HEED simulation tool output

The horizontal overhang is characterized by
a shading mask with a curved shadow line,

so the combination of horizontal overhang
and vertical fin is characterized by a
combination of both curved and vertical
shading lines.

Fig. (18) Combination of horizontal overhangs and 
vertical Fins shading mask, ATE 598 Building Energy 

AnalysisII I MSBE, Spring 2010, ASU

6.6.2. Adding mechanical
ventilation fans

Whole house fans (20 air changes per hour)
were added as a solution to try to bring
indoor air temperatures into a more
comfortable range.

The use of fans and Blowers
Whole house fans can be used whenever
outside temperatures are cooler, opening
the room window and the house fan at the
same time would help cooler outdoor air to
flow through the house.

FANS & SHADES
USED

NO FANS NOR
SHADES USED

Fig. (19) Typical 3-D plots shows the effect of using
fans and blowers kWh, HEED simulation tool output
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West Windows and doors
comparison

After using shades, the maximum
KBTU/Hour is reduced from 2.21 to 2.01,
where BTU is the unit of energy equal to
about 1055 joules.

FANS & SHADES
USED

NO FANS NOR
SHADES USED

  
Fig. (20) Typical 3-D plots shows the effect of using
shades on west facade, HEED simulation tool output

Total Loads
After using shades and fans, the maximum
KBTU/Hour is reduced from 29.43 to 21.50

FANS & SHADES
USED

NO FANS NOR
SHADES USED

  
Fig. (21) Typical 3-D plots shows the effect of using
shades on west facade, HEED simulation tool output 

 
Peak Loads

 

 
Fig. (22) Peak Loads calculations,

HEED simulation tool output
 

Scheme 3, where fans and shading devices
were added, electricity loads increased, heat
loss increased while heat gain decreased.

6.1.1. Adding PV panels and Solar
water heaters

Fig. (23) Photovoltaic and Solar Hot water in design,
HEED simulation tool output

PV Photovoltaic System:
Number of panels: 5 panels in total array
Panel width: 1.00 m
Panel height: 1.62 m

Array orientation degree from South: 15

PV PANELS USED NO PV PANELS

Fig. (24) Typical 3-D plots shows the effect of using
Photovoltaic panels, HEED simulation tool output
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Solar Hot Water Design:
Solar Collectors + Solar Storage Tank
Number of collector panels: 2
Collector
Number of Tanks: 2
Solar Storage Tank Volume: 50 Gallons

SOLAR HOT WATER
USED

NO SOLAR HOT
WATER

Fig. (25) Typical 3-D plots shows the effect of using
Photovoltaic panels, HEED simulation tool output

Photovoltaic solar panels and solar hot
water collectors and tanks are commercially
available and can easily be integrated into
buildings for reducing its dependence on
conventional power.

Fig. (26) Comparison plots shows the effect of
adding hot water and  PV solar cells to generate
electricity on-site, HEED simulation tool output

Electricity Costs
Electricity costs have been reduced to
negative values when using solar hot water
and PV solar panels on site.

PV PANELS & 
SOLAR HOT

WATER USED

NO PV PANELS NOR
SOLAR HOT

WATER USED

Fig. (27) Typical 3-D plots shows the effect of using
solar hot water and PV solar panels on electricity

costs, HEED simulation tool output

Total Carbon dioxide emissions
(Source)

Average pounds have been reduced
from1.62 to 1.41.

NO PV PANELS,
SHADING DEVICES
NOR SOLAR HOT

WATER USED

AFTER ADDING PV,
SHADING DEVICES
& SOLAR WATER

HEATERS

Fig. (28) Typical 3-D plots shows the effect of using
solar hot water and PV solar panels on carbon

dioxide emissions, HEED simulation tool output
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8. Conclusion

Derived from the research the following
points are concluded to maximize energy
efficient terms applied in THP:

Improve passive gains and thereby
reduce some of the heating and
cooling requirement and the need
for mechanical heating or cooling
systems such as fans. 
Reduce energy consumption cost for
moderate scale housing by applying
average scale renewable resources
available study area. 
Optimize building design features to
maximize day lighting such as
courtyards and orientation and
relatively decreasing carbon dioxide
emissions.

- Further advanced simulation tools would
provide more accurate features and results
for courtyard integration, façade forming,
flexible roofing or adding wind captures.

- Meanwhile, the THP produced proved that
integration of simulation tools allows for
reaching better solutions in the early design
stages.

- Zero carbon emissions assessment proved
the additive value of combining conceptual
ideas in addition to energy performance
measurements.
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Abstract: Regulation of building energy performance is the most effective means to reduce energy consumption 
on the regional and/or national levels. In commercial buildings, energy efficiency becomes of paramount 
importance since commercial buildings are more energy intensive than the smaller scale residential buildings. In 
Egypt, due to the temperate climate with hot summers, commercial buildings call for cooling year round, making 
cooling loads undoubtedly the dominant load that determines the overall performance of the building. 
This article addresses the dilemma of the quantification of energy performance of commercial buildings for the 
purpose of assessment, rating, and comparing to similar-use buildings built within the same climatic region. The 
article takes office buildings in the capital city of Egypt, Cairo, as a case study. The article also provides a 
comprehensive understanding of both cooling and heating loads in the reference office space; in both of its sub-
zones, i.e., perimeter and interior thermal zones. Results from energy simulation predict peak load, peak time, 
and annual load, which can be used to establish a reference performance for office buildings in Cairo, Egypt. 
These results also provide architects and engineers with a deep understanding of the environmental performance 
of office spaces in Cairo, which enables them to establish effective energy efficiency measures. 
 
Keywords: Energy Performance, Benchmarking, Reference Design, Office Buildings, Cairo, Egypt 

1. Introduction 
Around the globe, energy efficiency is 
taking a central stage in the public and 
political discourse. That is a transformation 
triggered by the fear of energy scarcity, 
ever-increasing energy prices, and national 
security issues. Achieving lower energy 
consumption rate on the national level 
involves three major sectors which are 
buildings, transportation, and the industry. 
In the building sector, energy efficiency of 
commercial buildings is of paramount 
importance since they are more energy 
intensive than the smaller-scale residential 
buildings. That is why this article addresses 
energy efficiency in commercial buildings. 
 
2. Energy regulations and incentives 
Energy efficiency in the marketplace can be 
achieved by either enforcing or encouraging 
higher levels of performance, i.e., either 
through codes enforced by the law or 
voluntary programs that award participating 
buildings with some sort of distinction or 
privilege, such as distinction as an Energy 
Star Building, distinction as a Green 

Building, or the privilege of tax credits or 
rebate of part of the cost of energy 
improvements. In all cases, either for 
enforcing or encouraging efficiency, a 
method should be established to define 

In other words, regulating 
energy consumption requires the 
establishment of either a set of minimum 
requirements or a baseline for comparison 
(reference design), or another systematic 
method of evaluating the environmental 
performance of buildings. Below are four 
examples of such market drivers currently 
implemented in the United States. 
 
2.1 Energy codes 
The first approach is regulating energy 
consumption by enforcing energy codes 
that mandate certain performance-related 
technical requirements. In the US, new 
buildings must comply with the adopted 
version of the International Energy 
Conservation Code (IECC). IECC mandates 
measures such as, glass ratio (for windows: 
a maximum percentage of gross area of 
exterior walls, and for skylights: a max 
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percentage of roof area), minimum thermal 
resistance (R-value) and/or maximum 
thermal transmittance (U-factor) of 
envelope components, i.e., roofs, exterior 
walls, floors above un-conditioned spaces, 
slab-on-grade, windows, and skylights [1]. 
Currently, all building codes including 
IECC are regularly in order to keep pace 
with the development of new standards and 
to take advantage of new technologies that 
become commercially available in the 
market. IECC is maintained through a tri-
annual public consensus process [2]. Every 
time the new code is adopted by the 
Authority Having Jurisdiction (AHJ), such 
as, a municipality, the state, or the federal 
government, this code becomes enforceable 
by the law. That is why energy codes are a 
major driver of change in the building 
industry, since they trigger an instantaneous 
change in the practice of building designers 
(architects and engineers), contractors, 
developers, and new building owners. 
 
It is worth mentioning here that although 
IECC mandates compliance to a prescribed 
set of envelope requirements, an alternate 
path to compliance is to prove that energy 
consumption does not exceed that of the 
reference design that complies to that exact 
same set of requirements. 
 
2.2 Energy incentives by the government 
The second approach is encouraging energy 
efficiency by rewarding voluntary adoption 
of better-than-code energy efficiency 
measures. In the United States, several of 
such programs are developed and 
administered by the federal government and 
state governments. For example, Energy 
Star is a voluntary program established by 
the US Environmental Protection Agency 
(EPA) in 1992. Currently, it labels homes 
as Energy Star when they are at least 15% 
more energy efficient than the baseline 
code [3]. Energy Star-labeled homes have a 
higher market value than regular homes. 
Besides the Energy Star program, the 
federal government and the individual 
states offer financial incentives for energy 

efficiency. These incentives can be low-
interest loans, grants, rebates, or tax credit. 
Tax credit can be a credit of federal tax, 
corporate tax, sales tax, or the property tax 
[4]. A complete list of federal and state 
energy efficiency incentives can be found 
on the DSIRE website, www.dsireusa.org. 
 
2.3 Energy incentives by non-profit 
The third approach is encouraging energy 
efficiency through voluntary programs 
developed and administered by non-profit 
organizations such as the US Green 
Building Council (USGBC) that developed 
LEED (Leadership in Energy & 
Environmental Design) rating system, the 
Green Building Initiative (GBI) that 
operates Green Globes in the US, and the 
International Living Future Institute that 
developed the Living Building Challenge. 
These programs address energy efficiency 
as part of a larger package of sustainability. 
The flagship of these organizations is the 
USGBC, which developed the now most-
widely used green building rating system 
LEED in 2000. Discussion of how LEED 
rewards energy efficiency is presented later 
in the article. 
 
2.4 Energy incentives by utilities 
The fourth approach to encouraging energy 
efficiency is the programs offered by utility 
companies. In fact, many utility companies 
offer assistance and rebates or partial 
rebates for building owners in return of 
implementing simple energy efficiency 
measures, such as replacing incandescent 
light bulbs with compact fluorescent bulbs, 
or for upgrading their heat and air systems. 
Utility companies started offering these 
programs to their customers because of the 
lower cost of certain energy efficiency 
upgrades compared to the cost of increasing 
the generation capacity of their power 
plants. 
 
Looking at the four above-mentioned 
approaches to improving energy efficiency, 
the only approach that guarantees results on 
a wide scale is developing and enforcing 
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energy codes. Although voluntary 
approaches can help transform the market 
to higher levels of efficiency, their spread 
remains captive to the slow culture change 
within the building community. Voluntary 
programs can perfectly serve as a strategy 
to test the waters and predict future trends 
of the market. 
 
Effectiveness of each new update of the 
energy code is evaluated based on its 
achieved energy savings compared to an 
older version of the same code. For 
example, IECC 2012 (derived from 
ASHRAE Standard 90.1-2010) achieves 
site energy savings of 32.7% without plug 
loads, and 25.6% with plug loads, 
compared to  IECC 2006 (derived from 
ASHRAE Standard 90.1-2004) [5]. 
 
3. Quantification of energy efficiency 
Assuming that achieving deep energy 
efficiency on the national level is seriously 
considered, and given the current practice 
in enforcing and encouraging energy 
efficiency, it becomes apparent that it is 
crucial to establish a quantifiable goal. This 
goal can be a percentage of energy savings 
or fixed energy use intensity (EUI). Below 
is the discussion of both options. 
 
3.1 Energy saving 
In case energy saving is established as the 
measure of efficiency, there is still a need to 
establish a baseline for comparison, since 
percentage of energy savings is relative. 
That baseline for comparison can be a 
reference design, as defined by IECC, or 
can be a fixed performance indicator, such 
as the energy use intensity (EUI), which is a 
measure of energy consumption per unit 
area. Currently, the common practice in the 
profession is to use energy savings (over a 
reference design) as the measure for energy 
efficiency. As previously discussed, the 
percentage energy saving is used in the 
Energy Star program as well as the LEED 
rating system. In Energy Star, the candidate 
building must achieve a certain % energy 
savings to qualify for the label [6]. In 

LEED, the candidate building qualifies for 
a certain number of the energy and 
atmosphere credit points based on the % 
energy savings [7]. In both cases the 
percentage saving is relative to the legally 
minimum building that is considered to be 
the baseline. This legally minimum base 
line is the standard reference design as 
defined by IECC, i.e., the exact envelope 
design of the same building when it 
complies with the adopted energy code. In 
other words, the baseline to quantify the 
efficiency of a certain building design is the 
exact same building itself but when its 
envelope complies with the minimum code 
requirements (refer to section 2.1) for the 
climate zone. Apparently, this kind of 
comparison excludes the impact of building 
design, which makes this approach an 
evaluation of the envelope efficiency and 
not the building design efficiency. In other 
words, it excludes a myriad of basic energy 
efficiency measures, such as building 
massing, aspect ratio, orientation, etc. 
 
The major disadvantage of evaluating 
energy efficiency based on percentage 
energy savings is that it does not guarantee 
a certain level of energy consumption, 
which really puts energy efficiency out of 
control and casts uncertainty on any future 
planning for increased power capacity. 
 
3.2 Energy use intensity 
Another approach to evaluate energy 
efficiency is to establish certain energy use 
intensity as the baseline for evaluation, i.e., 
kilowatt-hours per square meter a year 
(KWh/M2.yr) or kilo British thermal units 
per square foot a year (KBtu/SF.yr). In this 
case, the goal of energy design is accurately 
defined and is clearly independent from 
other factors that may undermine its 
ultimate purpose. 
 
4. Proposed measure 
In conclusion to the above discussion, it is 
reasonable to suggest the establishment of a 
reference performance, and not a reference 
design, as the basis to quantify energy 
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efficiency. This proposed reference 
performance should be independent from 
other factors, i.e., specific energy use 
intensity (EUI). 
 
In order to keep code compliance simple 
and user-friendly, this article proposes a 
simple formula that involves only two 
variables, namely orientation and energy 
intensity, for each building type in each 
climate region. Next sections explain the 
procedure followed to establish a reference 
performance (EUI) and the proposed two-
step compliance process. 
 
5. Defining the reference EUI 
Building on the work of the US Department 
of Energy (DOE) in the development of 
energy codes, annual energy performance is 
predicted through energy simulation. The 
author executed a series of energy 
simulations for the purpose of derivation of 
the reference EUI. The suggested prototype 
model is a single office space that faces a 
single orientation. It complies with the 
minimum envelope requirements of the 
most recent energy codes and standards.  
 
6. Energy simulation 
The author used the eQuest computer 
program, which was developed by DOE 
(US Department of Energy) and is now 
being used by the leading Architecture & 
Engineering design firms in the US. The 
weather file used for Cairo is a TMY2 file 
produced by Meteonorm. Energy 
simulation is performed for the single office 
space when facing eight different 
orientations, rotated in 45 degrees 
increments. Simulation results do not only 
establish a reference performance per 
orientation, but also show the breakdown of 
cooling loads, which should provide very 
helpful insight to architects and engineers 
in their efforts to increase efficiency. Figure 
1 shows a screen shot of the single bay 
model which is comprised of a 4.6 meters 
(15 feet) deep perimeter thermal zone and a 
similar size interior thermal zone. The 

floor-to-floor height is 3.6 meters (12 feet). 
Width of the model is assumed to be 6.0 
meters (20 feet). In this model, heat transfer 
occurs only through the exterior wall and 
window. The model does not have a roof or 
a floor in order to represent a middle floor. 
However, interior surfaces were considered 
for the daylight calculations. The 
simulation is explained in the following 
sections. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The single bay energy model 
 
6.1 Input data 
Input data into energy simulation reflects 
the minimum requirements of the most 
current international codes and standards at 
the moment, namely the IECC 2012 and the 
ASHRAE Standard 62.1-2010. IECC 
mandates certain envelope requirements 
and the maximum lighting power intensity 
(per space), as shown in Tables 1 and 2. 
ASHRAE Standard 62.1 defines the 
minimum fresh air rates per person and per 
unit area as shown in Table 3. According to 
ASHRAE 90.1, Cairo climate is dominated 
by the need for cooling, with Cooling 
Degree Days of 4,440 CDD 10oC (7,993 
CDD 50oF) and Heating Degree Days of 
464 HDD18oC (834 HDD 65oF), which is 
almost a factor of 10:1 cooling to heating. 
Location is 30.13o North Latitude and 
31.40o East Longitude. Elevation is 73 
meters (243 feet) above sea level [8]. Cairo 
climate fits within climate zone 2B in 
IECC. Minimum code requirements for 
exterior walls and glass in climate zone 2B 
are shown in Table 1. 
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Number of occupants is three employees at 
light office work per thermal zone (total of 
six). Illumination level is 323 lux (30 fc), 
with daylight control turned on. Equipment 
load is 7.5 Watt/m2 (0.7 W/SF). Summer 
thermostat temperature is 24.5oC (76oF) 
during working hours, but rise as high as 
28oC (82oF) during unoccupied hours and 
weekends. No infiltration was considered 
assuming a pressurized building with fixed 
windows. Daily and weekly schedules 
match the regular working hours in Egypt, 
from 9:00 a.m. to 3:00 p.m. for six days per 
week.  
 
Table 1. IECC 2012 envelope requirements for 
climate zone 2B. 
 Exterior 

Wall 
Glass 

R-value R-1.0 ci -- (M2.oK/W) 
 R-5.7 ci -- (SF.oF/Btuh) 

U-factor 0.806 2.84 (W/m2.oK) 
 0.142 0.50 (Btuh/SF.oF) 

SHGC -- 0.25 -- 
SC -- 0.29 -- 
VT -- 0.28 -- 

[Note: VT = 0.33 is used for the simulation] 
 
 
Table 2. Lighting power allowance, according 
to IECC 2012. 

 Light Load  
Office Space 12.0 (Watt/m2) 

 1.1 (Watt/SF) 
 
 
Table 3. Minimum fresh air rates required by 
ASHRAE Standard 62.1-2010 for office spaces 

 Rate of fresh air  
Per Person 8.5 (M3/hr) 

 5.0 (CFM) 
Per Area 1.10 (M3/hr.m2) 

 0.06 (CFM/SF) 
 
6.2 Simulation results 
Summary of the results of energy 
simulation is presented in tables 4 through 
12. This section discusses these results. 
 
Unsurprisingly, loads in the interior thermal 
zone are independent from orientation. 

Table 4 shows the breakdown of cooling 
load components as obtained when the 
energy model faced all eight orientations. 
Regardless of orientation, peak cooling load 
is the same and it occurs at 3:00 p.m. on 
August 6th when the outside dry-bulb 
temperature (DB) is 36oC (96oF) and the 
coincident wet-bulb (WB) is 23oC (74oF). 
In terms of sensible loads, light accounts 
for around half of the load (48%). In terms 
of the total cooling load (sensible + latent), 
occupant load accounts for around 40% of 
the load. 
 
Table 4. Interior office space, peak cooling load 
breakdown. 

Peak time: August 6th, 3:00 p.m. 
DB = 36oC (96oF) &  
WB = 23oC (74oF) 
Load components (Watt/M2) (Btuh/SF) 

(I) Sensible loads   

Occupant load 6.89 2.19 

Light load 12.86 4.08 

Equipment load 7.06 2.24 

Total sensible 26.82 8.51 

(II) Occupant 
latent 6.30 2.00 

Sensible + latent 33.12 10.51 

 
Tables 5 through 12 show the breakdown of 
the cooling load in the perimeter thermal 
zone, when facing eight orientations. Loads 
in the perimeter zone are not only limited to 
the three occupancy-related loads, i.e., 
occupants, light, and equipment, but also 
include all envelope loads, which are wall 
conduction, window conduction, and the 
radiant solar load through windows. 
Comparison between loads in the perimeter 
and interior zones show that while occupant 
and equipment loads are virtually 
unchanged, light load in the perimeter zone 
is much lower than in the interior; 
understandably due to  utilization of 
daylight. Further discussion of the 
simulation results will be presented in the 
conclusion section.   
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Table 5. North-facing office, peak cooling load 
breakdown. 

Peak time: July 6th, 3:00 p.m. 
DB = 38oC (100oF) & WB = 26oC (78oF) 
Load components (Watt/M2) (Btuh/SF) 

(I) Sensible loads   

Wall conduction 4.96 1.57 

Window 
conduction 8.57 2.72 

Window solar 10.45 3.31 

Occupant load 6.89 2.19 

Light load 2.72 0.86 

Equipment load 7.06 2.24 

Total envelope 23.98 7.61 

Total sensible 40.66 12.90 

(II) Occupant 
latent 6.30 2.00 

Sensible + latent 46.96 14.90 

 
 

Table 6. Northeast-facing office, peak cooling 
load breakdown. 

Peak time: June 9th, 3:00 p.m. 
DB = 39oC (102oF) & WB = 23oC (74oF) 
Load components (Watt/M2) (Btuh/SF) 

(I) Sensible loads   

Wall conduction 5.88 1.87 

Window 
conduction 8.33 2.64 

Window solar 16.65 5.28 

Occupant load 6.89 2.19 

Light load 2.72 0.86 

Equipment load 7.06 2.24 

Total envelope 30.86 9.79 

Total sensible 47.54 15.08 

(II) Occupant 
latent 6.30 2.00 

Sensible + latent 53.84 17.08 

 

Table 7. East-facing office, peak cooling load 
breakdown. 

Peak time: June 9th, 10:00 a.m. 
DB = 30oC (86oF) & WB = 21oC (69oF) 
Load components (Watt/M2) (Btuh/SF) 

(I) Sensible loads   

Wall conduction 7.59 2.41 

Window 
conduction 4.53 1.44 

Window solar 28.48 9.03 

Occupant load 5.91 1.87 

Light load 2.21 0.70 

Equipment load 6.58 2.09 

Total envelope 40.59 12.88 

Total sensible 55.28 17.54 

(II) Occupant 
latent 6.30 2.00 

Sensible + latent 61.59 19.54 

 
 

Table 8. Southeast-facing office, peak cooling 
load breakdown. 

Peak time: October 25th, 12:00 noon 
DB = 31oC (88oF) & WB = 21oC (70oF) 
Load components (Watt/M2) (Btuh/SF) 

(I) Sensible loads   

Wall conduction 7.35 2.33 

Window 
conduction 4.59 1.46 

Window solar 32.03 10.16 

Occupant load 6.25 1.98 

Light load 2.45 0.78 

Equipment load 6.75 2.14 

Total envelope 43.97 13.95 

Total sensible 59.41 18.85 

(II) Occupant 
latent 6.30 2.00 

Sensible + latent 65.72 20.85 
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Table 9. South-facing office, peak cooling load 
breakdown. 

Peak time: October 26th, 3:00 p.m. 
DB = 33oC (92oF) & WB = 21oC (70oF)  
Load components (Watt/M2) (Btuh/SF) 

(I) Sensible loads   

Wall conduction 8.10 2.57 

Window 
conduction 6.53 2.07 

Window solar 34.81 11.04 

Occupant load 6.89 2.19 

Light load 2.77 0.88 

Equipment load 7.06 2.24 

Total envelope 49.44 15.68 

Total sensible 66.17 20.99 

(II) Occupant 
latent 6.30 2.00 

Sensible + latent 72.48 22.99 

 
Table 10. Southwest-facing office, peak cooling 
load breakdown. 

Peak time: October 27th, 4:00 p.m. 
DB = 31oC (88oF) & WB = 20oC (68oF) 
Load components (Watt/M2) (Btuh/SF) 

(I) Sensible loads   

Wall conduction 10.72 3.40 

Window 
conduction 5.68 1.80 

Window solar 36.04 11.43 

Occupant load 4.88 1.55 

Light load 2.25 0.71 

Equipment load 7.12 2.26 

Total envelope 52.45 16.64 

Total sensible 66.70 21.16 

(II) Occupant 
latent 3.78 1.20 

Sensible + latent 70.48 22.36 
 

 

Table 11. West-facing office, peak cooling load 
breakdown. 

Peak time: September 3rd, 5:00 p.m. 
DB = 34oC (93oF) & WB = 22oC (71oF) 
Load components (Watt/M2) (Btuh/SF) 

(I) Sensible loads   

Wall conduction 13.44 4.26 

Window 
conduction 7.52 2.39 

Window solar 32.48 10.30 

Occupant load 4.85 1.54 

Light load 2.13 0.68 

Equipment load 7.18 2.28 

Total envelope 53.45 16.95 

Total sensible 67.61 21.45 

(II) Occupant 
latent 3.78 1.20 

Sensible + latent 71.39 22.65 

 
Table 12. Northwest-facing office, peak cooling 
load breakdown. 

Peak time: June 17th, 5:00 p.m. 
DB = 37oC (98oF) & WB = 22oC (72oF) 
Load components (Watt/M2) (Btuh/SF) 

(I) Sensible loads   

Wall conduction 9.52 3.02 

Window 
conduction 8.75 2.78 

Window solar 23.85 7.57 

Occupant load 4.85 1.54 

Light load 2.11 0.67 

Equipment load 7.18 2.28 

Total envelope 42.13 13.36 

Total sensible 56.27 17.85 

(II) Occupant 
latent 3.78 1.20 

Sensible + latent 60.05 19.05 
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(1) 

7. Proposed code compliance procedure 
As discussed earlier, establishing a certain 
EUI as the measure for efficiency seems to 
give the most credible results in terms of 
annual energy consumption. Another EUI 
may also be established for the peak energy 
demand. The proposed procedure involves 
both types of EUI, as measures for annual 
energy consumption and peak energy 
demand. 
 
7.1 Why both consumption and peak? 
Energy efficient buildings save energy and 
energy cost. Furthermore, they also reduce 
the initial cost of buildings due do the 
downsizing of central plants (heating and 
cooling), air delivery equipment (typically, 
air handling units), and supply and return 
air ducts. For the economy to enjoy the full 
benefit of energy efficiency, both 
consumption and demand should be 
reduced. 
 
7.2 Impact of orientation 
Using EUI as the measure of efficiency 
requires consideration of building 
orientation since, as evident from the results 
presented in tables 5 through 12, orientation 
has a great impact on all load components 
at the peak hour. Surely, code compliance 
based on EUI must take into account 
building orientation. Table 13 shows the 
variation between cooling loads per 
orientation. Variation in the envelope 
sensible load is in the order of 1.0 (North) 
to 2.23 (West). Total sensible load and air 
flow is in the order of 1.0 (North) to 1.66 
(West). Building peak is in the order of 1.0 
(North) to 1.32 (South), and annual energy 
performance is in the order of 1.0 (North) to 
1.32 (Southeast). 
 
7.3 Procedure 
Compliance procedure should be simple 
and user friendly. The proposed procedure 
here is based on EUI per orientation, 
according to the values in Table 13. Eq. (1) 
shows the generic formula proposed to 

define the target EUI for a certain building, 
facing two or more directions. 
 

 

 
Where: EUI is the reference EUI for the 
purpose of code compliance of the building 
under consideration. EUIn is the reference 
EUI for a certain direction (n) as obtained 
from Table 13, Ln is the horizontal length 
of the building façade facing the same 
orientation, and perimeter is the total length 
of the exposed perimeter of the building. 
The unit for the EUI is KWh/M2.Year 
(KBtu/SF.Year). 
 
Second step for compliance is simply by 
utilizing Eq. (1) again, but to determine the 
compliance peak energy intensity, based on 
values in Table 13. 
 
8. Conclusion 
This article concludes with proposing the 
aforementioned two-step process for code 
compliance, in which the new building 
must comply with both the maximum 
energy use intensity (EUI) and the 
maximum intensity of peak load. In this 
sense, the proposed procedure should 
guarantee a specific performance with a 
specific energy use in terms of annual 
energy consumption of the new building in 
KW/Year. Furthermore, it also guarantees a 
specific energy demand. Here, it is worth 
mentioning that while the average EUI 
accurately represents the annual energy 
performance of the proposed design, the 
average peak load (per orientation) may not 
represent the actual peak since different 
orientations peak at different times (refer to 
Table 13). 
 
In contrast to the current approach of code 
compliance based on a reference design, the 
proposed approach enforces a maximum 
performance. This approach should provide 
great help for city planners in predicting 
future loads and future need for adding 
electric power capacity. 
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Table 13. Energy performance in the cooling mode, when facing different orientations 
 N NE E SE S SW W NW 

Peak envelope load (Watt/M2) 23.98 30.86 40.59 43.97 49.44 52.45 53.45 42.13 
(Btuh/SF) 7.61 9.79 12.88 13.95 15.68 16.64 16.95 13.36 

Relative to the lowest (North) 100% 129% 169% 183% 206% 219% 223% 176% 
Peak sensible load (Watt/M2)  40.66 47.54 55.28 59.41 66.17 66.70 67.61 56.27 

(Btuh/SF) 12.90 15.08 17.54 18.85 20.99 21.16 21.45 17.85 
Relative to the lowest (North) 100% 117% 136% 146% 163% 164% 166% 138% 
Envelope to total sensible (%) 59% 65% 73% 74% 75% 79% 79% 75% 

Building peak (Watt/M2) 19.37 21.04 22.21 23.30 25.53 25.46 24.15 21.41 
(Btuh/SF) 12.70 13.80 14.57 15.28 16.74 16.70 15.84 14.04 

Relative to the lowest (North) 100% 109% 115% 120% 132% 131% 125% 111% 
Peak supply air flow (M3/hr.M2) 10.92 12.77 14.85 15.96 17.77 17.92 18.16 15.11 

(CFM/SF) 0.60 0.70 0.81 0.87 0.97 0.98 0.99 0.83 
Relative to the lowest (North) 100% 117% 136% 146% 163% 164% 166% 138% 

EUI  cooling (KWh/M2.Year) 104.0 115.1 131.5 136.9 132.7 135.5 129.7 114.5 
(KBtu/SF.Year) 32.99 36.51 41.73 43.43 42.11 42.97 41.15 36.31 

Relative to the lowest (North) 100% 111% 126% 132% 128% 130% 125% 110% 

 
Tables 4 through 12 provide great help to 
designers in the understanding of cooling 
loads in office buildings in Cairo, Egypt. 
The tables present a breakdown of cooling 
loads, showing dominant loads when facing 
different orientations, which should help 
identify the potential of energy savings in 
each case. 
 
The comparison between cooling loads 
facing different orientations reveal the 
relative sensitivity of energy performance 
to orientation, in terms of envelope load, 
sensible load, latent load, air flow, and EUI. 
Comparing performance of perimeter 
thermal zone to the orientation-independent 
interior thermal zone give an indication on 
the limit of how low energy can be reduced 
in the perimeter spaces. 
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Abstract: Egypt has been experiencing recurrent power cuts especially at the summer, with the 
problem being made worse by the extra demands placed on the electrical grid by the advent of the holy 
month of Ramadan. Electricity shortages are now a problem in Cairo, Alexandria, Sohag, Qena, Luxor, 
Aswan, and Nubia, as well as in the Nile Delta governorates of Beheira and Qalioubiya. The aim of this 
study is to develop a model for the Egyptian residential building using Building Performance 
Simulation Program and make sensitivity analysis on some variables effecting the electric power 
consumption in order to help faceting the growing problem in Egypt. The model was created using the 
IES-VE 2012 (Integrated Environmental Solution <Virtual Environment>).  
 
The simulation model was verified against the survey data for the Egyptian apartment and same model 
simulated using energy Plus simulation tool. The results of the program describing different situations 
for energy using profile for the air conditions, lighting and equipments in respect to building layout and 
construction climate and pattern of use. This model can be used in the future to help in reducing the 
electric power consumption in the residential building. 
 
Keywords: Egyptian residential building, Building Performance Simulation Program in Egypt  

1. Introduction 
The effects of energy use in buildings 
are nationwide  worldwide, and varied. 
Having a fundamental impact on 

economic well-being of the nation, the 
dependence of the countries on foreign 
oil  and national security. On an 
individual basis, even human health 
can be affected by building energy use 
when rising energy costs render a 
conditioned, comfortable, healthy 
indoor environment unaffordable. On a 
larger scale, carbon emissions, which 
are directly tied to building energy use  
affect the health of our planet. 
 
Egypt has been experiencing recurrent 
power cuts since the beginning of 
summer, with the problem being made 
worse by the extra demands placed on 
the electrical grid by the advent of the 
holy month of Ramadan. Electricity 
shortages are now a problem in Cairo, 

Alexandria, Sohag, Qena, Luxor, 
Aswan, and Nubia, as well as in the 
Nile Delta governorates of Beheira and 
Qalioubiya. 
 
Several Cairo districts have been 
experiencing regular power cuts, 
especially Helwan, Shubra, Maadi, 
Haram, Heliopolis and Nasr City. In 
Upper Egypt, residents of the town of 
Sohag protested against the power cuts 
last week, and the police had to 
prevent them from attacking the 
electricity company's offices and 
governorate buildings[1]. 
In Egypt, residential buildings are the 
major consumer of energy in a country 
Figure 1where 45% of the population 
lives in urban areas. In 2009/2010, the 
residential building sector consumed 
more than 48% of the total nationally 
generated electricity[2]. 
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Figure 1 - Percentage of Electric Power 
Consumption in Different sectors for Egypt 

2009/2010 
 
The main scope of the present study is 
providing a model using building 
simulation tool for the typical 
apartment in Egypt and use it to make 
a sensitivity analysis for this building 
as to reduce the electric power 
consumption on peak hours.  
Literature Review 
   
The PASSYS project was formed in 
1986 by the Commission of the 
European Communities with the aim of 
increasing confidence in passive solar 
heating systems. One of the ways 
chosen to do this was the 
approval/development of a European 
validation methodology for building 
energy simulation programs. Scren 
Ostergaard Jensen made Model 
Validation and Development Subgroup 
within PASSYS[3]. 
 
JOSEPH C. LAM et al. in 1996 made a 
sensitive analysis for energy 
performance of office buildings in 
Hong Kong. Sensitivity methods for 
the study of building energy 
performance are explained. The DOE-
2 building energy simulation program 
is used on a generic model of an office 
building to generate data for the study. 
Important input design parameters are 
identified and analyzed from points of 
view of annual building energy 
consumption, peak design loads and 

building load profiles. It is believed 
that sensitivity techniques are use full 
for assessing thermal responses of 
buildings and data variability in 
building energy simulation[4]. 
 
J.A. Clarke et al. in 2002 describe the 
development and testing of a prototype 
simulation-assisted controller, in which 
a detailed simulation program is 
embedded in real-time control decision 
making. Lab VIEW was used as a 
BEMS replacement and the dynamic 
simulation program ESP-r was used for 
control scenario appraisal. This paper 
described an experiment undertaken 
with the prototype control system in 
full-
test facility, demonstrating how such a 
system could be used to generate 
optimum start times[5]. 
 
Drury B. Crawley et al.  In 2008 made 
an overview of a report, which 
provides up-to-date comparison of the 
features and capabilities of twenty 
major building energy simulation 
programs: BLAST, BSim, DeST, 
DOE-2.1E, ECOTECT, Ener-Win, 
Energy Express, Energy-10, Energy 
Plus, eQUEST, ESP-r, IDA ICE, 
IES/VES, HAP, HEED, PowerDomus, 
SUNREL, Tas, TRACE and TRNSYS 
they were found that even among the 

common language to describe what the 
tools could do. There was much 
ambiguity, which will continue to 
require additional work to resolve in 
the future[6]. 
 
D.J. Sailor in 2008 developed and 
integrated into the Energy Plus 
building energy simulation program a 
physically based model of the energy 
balance of a vegetated rooftop. This 
green roof module allows the energy 
modeler to explore green roof design 
options including growing media 
thermal properties and depth, and 

Industrial 
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agriculture 
4% 
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and public 
facilities 

18% 

Homes 
48% 

Commercial 
3% 

Others 
6% 

The amount of energy sold by the 
distribution company distributed on 

purpose 2009/2010 
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vegetation characteristics such as plant 
type, height and leaf area index. The 
model has been validated by applying 
it to data gathe
study in Florida. Throughout  the study 
it is found that Increasing vegetation 
density had the expected result of 
reducing summer electricity usage, but 
increasing winter heating energy use 
due to the shading effects that are more 
useful in summer, but detrimental in 
winter. Finally, increasing summer 
irrigation also had the expected results, 
being more effectively in the less 
humid of the two climates[7]. 
 
Shady Attia  et al. In 2012 developed 
representative simulation building 
energy data sets and benchmark 
models for the Egyptian residential 
sector. Through the study a recent field 
survey for residential apartment 
buildings in Egypt. Two building 
performance simulation models are 
created reflecting the average energy 
consumption characteristics of air-
conditioned residential apartments in 
Alexandria, Cairo and Asyut. Aiming 
for future evaluation of the cost and 
energy affects of the new Egyptian 
energy standard this study established 
two detailed models describing the 
energy use profiles for air conditioners, 
lighting, domestic hot water and 
appliances in respect to buildings 
layout and construction. Using Energy 
Plus simulation tool the collected 
surveyed data was used as input for 
two building simulation models. The 
results presented in this paper, can 
provide a good basis for investigating 
the potential energy savings of 
applying the new Egyptian energy 
standard[8]. 
 
Shady Attia presents in 2012 energy-
oriented software tool that both 
accommodates the Egyptian context 
and provides informative support that 
aims to facilitate decision making of 

zero energy buildings. A residential 
benchmark was established coupling 
sensitivity analysis modeling and 
energy simulation software (Energy 
Plus) as a means of developing a 
decision support tool to allow 
designers to rapidly and flexibly assess 
the thermal comfort and energy 
performance of early design 
alternatives. Validation of the results 
generated by the tool and ability to 
support the decision making are 
presented in the context of a case study 
and usability testing[9].  

 
2. Methodology 
The methodology implemented in this 
paper includes aspects which 
determine the energy consumption 
characteristics of air conditioned 
residential buildings in Egypt. The 
methodology followed is similar to 
other recent international energy 
consumption study. The first step was 
to validate the new model made by the 
IES-VE with another one made in 
resent research. The second step was to 
make sensitivity analysis for some 
variables which affect the electric 
power consumption and discuses the 
results of these modifications. Hourly 
weather readings for the year 2008 for 
Alexandria were obtained from The 
EPW format used in Energy Plus 
(Shady Attia, Arnaud Evrard and 
Elisabeth Gratia). The following 
sections describe in detail the steps 
undertaken. 
 

2.1. Validation  
Validation is a complex process which 
can be defined as follows: a rigorous 
testing of a program comprising its 
theoretical basis, software 
implementation and user interface 
under a range of conditions typical for 
the expected use of the program. 
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In practice it is not possible to perform 
a complete validation of a program - 
there are, especially for building 
energy simulation programs, too many 
interlinked factors and too many 
possible applications to test all 
combinations. It is, however, possible 
to increase the confidence in a 
simulation program by applying a well 
documented and comprehensive 
validation methodology combining 
several validation techniques. 
 
Validation methodology should be 
comprehensive, i.e., it should include 
both non-empirical as well as empirical 
validation techniques, which are to be 
applied both at the level of single 
processes as well as at the level of 
whole models. A comprehensive 
validation methodology should consist 
of a literature review, code checking, 
analytical verification, intermodal 
comparison, sensitivity studies and 
empirical validation. 
 

2.2. Building Description 
The block shown in Figure (3,4), was 
found to model for residential 
buildings in the Alexandria Figure (2). 
The block is of base 25 m * 11 m* 18 
m with a 2.3:1 aspect ratio. The total 
area of one apartment is 122 m2 with a 
net conditioned area of 60 m2, 
representing three rooms per 
apartment. 
 
The basic building construction is a 
reinforced-concrete post and beam 
structure with 0.15 m thick brick infill 
walls without insulation. Windows are 
single glazed, transparent and have a 
0.003 m thick glass pane. The total 
amount of glass in the North and South 
facades is estimated to be between 
45% and 35% of the total wall area. 
There is no solar protection for the 

facades and most wooden windows are 
draughty. 
 
 All the building description is given in 
table (1) and the room occupancy and 
lighting variation are given in the 
figure (5). 
 

 

Figure 2 - Egypt Map 
 

 

Figure 3 - Typical Floor Plan of the model 
 

 

Figure 4 - Building Layout 
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Table 1 - Building Description of the Simulation Model 

Building Description of the Simulation Model 

Model Inputs Value 

Envelope 

UWall (W/m2 K) 1.732 

Wall Surface Absorption, CCF 0.7 

URoof (W/m2 K) 1.39 

Roof Surface Absorption, CCF 0.6 

USingle Glazing (W/m2 K) 6.25 

Shading Coefficient for Glazing, SC 0.7 

Solar Heat Gain Coefficient, SHGC 0.5 

  

Ventilation & air Conditioning 

COP  2 
SEER 6.8 

Outside Air (m3/h per person) 20 

Temperature Set Point ( C) 24 

Relative Humidity Set Point (%) 60 

  
Occupancy Density (m/person) 26 

Lighting 

Installation Power Density (W/m2) 
Living Room  17 

Installation Power Density (W/m2) 
Bedroom  13 

Installation Power Density (W/m2) 
Other  9 

  

Plug Loads Average Installation Power Density 
(W/m2)  6 

  

DHW 
( October - April ) (l/h) 1.779 

( May - September ) (l/h) 0.254 
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Summer Winter Ramadan 

   
Lighting Schedules For Bedrooms 

 
Summer Winter Ramadan 

   
Occupancy Schedules For Bedrooms 

 
Summer Winter Ramadan 

   
Lighting Schedules For Living Room 

 
Summer Winter Ramadan 

   
Occupancy Schedules for Living Room 

Figure 5 - Occupancy and Lighting Schedules for Bedrooms and Living room 
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In order to help in solving the regular 
power cuts problem development of 
verified model was required. First of 
all the model made by IES-VE was 
verified by the same model made by 
Energy Plus tool. Figure (6) shows the 
monthly electricity consumption for 
the both models. The electricity 
consumption patterns of residential 
apartments would be significantly 
affected during the extended summer 
period (April  October). 
 
3. Sensitivity Analyses  
When performing building energy 
simulations, certain energy changes 
from the input variables are more 
significant than others, implying that 
selected inputs should be given 
particular attention during modeling. 
Also, high-sensitivity elements are 
important from both technical and 
economic points of view and should be 
designed with utmost care if 
optimization of the system 
performance is to be achieved. 
Therefore, a great deal of engineering 
work is devoted to testing the 
sensitivity of systems. These studies 
are collectively called sensitivity 
analysis and may involve a range of 
different analytical methods. 
 
Sensitivity theory has been used for 
assessing the thermal response of 
buildings and their energy and load 
characteristics. The aim of sensitivity 
analysis is to observe the system 
response following a modification in a 
given design parameter. For example, 
one may want to know to what extent 
building loads and energy consumption 
are responsive to changes in the 
coefficients of material properties, 
design of building envelope, selection 
and operation of heating, ventilation 
and air-conditioning (HVAC) systems, 
and so on. If we can understand the 
relationships and relative importance 
of these parameters, we will be able to 

achieve optimum building energy 
performance through proper selection 
of design variables and conditions. 
 
However, there are no formal rules and 
well-defined procedures for 
performing sensitivity analysis for 
building design because the objective 
of each study may be different and 
building descriptions are quite 
complicated. 
 
In most cases, perturbation techniques 
and sensitivity methods are being used 
to study the impacts of input 
parameters on different simulation 
outputs, as compared to a base case 
situation. Then, the results are 
interpreted and generalized so as to 
predict the likely responses of the 
system. 
 

4. Discussion  
Some variables will be discussed as to 
study their effect on the total electricity 
consumption; first variable to be 
discussed was the number of 
occupancy. Figure (7) shows the 
monthly electricity consumption at 
different occupancy. Second variable 
to be discussed was using Fluorescent 
lamps instead of the tungsten lamps. 
Figure (8) shows the amount of saving 
each month due to using fluorescent 
lamps instead of tungsten, while Figure 
(9) shows the monthly electricity 
consumption using the fluorescent 
lamps with different occupancy 
number. Third variable was using 
heating system during winter season. 
Figure (10) shows the monthly power 
consumption when heating system was 
added to the same model with different 
number of occupancy. Figure (11) the 
monthly power consumption when 
heating system was add to the same 
model  and using fluorescent lamps 
instead of tungsten lamps with 
different number of occupancy shows. 
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Figure 6 - Results for Validation 
  

 

Figure 7 - Monthly Electricity Consumption at Different Occupancy 
 

 

Figure 8 - Monthly Electricity Consumption Using Different Types of Lamps 
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Figure 9  Monthly Electricity Consumption at Different Occupancy & Using Fluorescent Lighting 
Lamps 

 

 

Figure 10 - Monthly Electricity Consumption at Different Occupancy & Using Heating Systems 

 

 

Figure 11  Monthly Electricity Consumption at Different Occupancy, Using Heating Systems and 
Fluorescent Lamps 
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Fourth variable to be discussed was 
changing the glazing shading 
coefficient in addition to open the 
window according to schedule. Figure 
(12) shows the monthly electricity 
consumption when the windows are 
opening according to a schedule and 
the Shading Coefficient of the glass 
using inside Curtin are applied. There 
is no imperceptible saving this due to 

mainly the air condition working after 
noon and during night. Figure (13) 
shows the monthly electricity 
consumption when changing the set 
point temperature of the air 
conditioning units while Figure (14) 
shows the electricity consumption 
when changing Coefficient Of 
Performance (C.O.P) of the air 
conditioning units.  

 

Figure 12 - Monthly Electricity Consumption while the Windows are Simi Opening according to 
schedules with different shading Coefficient 

 

Figure 13 - Monthly Electricity Consumption with Different Set point Temperature for the Air 
Conditioning Systems 

Finally by study some modification on 
the model made for the residential 
Egyptian building found that when 
applying GLASSWOOL as insulation 
for external walls and to the roof, 
change the glazing of the external 
windows to new one with shading 
coefficient 0.2 and changing the 

lighting lamps type to use fluorescent 
lamps instead of tungsten lamps the 
annual electricity consumption will 
decrease by 7.45 kWh/m2 about 21 %. 
This percentage will help in solving 
the problem of power cut off due to the 
over load of the electricity 
consumption on the peak hours  
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Figure 14 - Monthly Electricity Consumption with Different C.O.P for Air Condition Units 

 

Figure 15  Monthly Electricity Consumption When Insulating the Walls and the Roof, Windows 
Shading Coefficient 0.2 and Using Fluorescent Lamps 

 

 Figure 16  Monthly Electricity Consumption When Insulating the Walls and the Roof, 
Windows Shading Coefficient 0.2, Using Fluorescent Lamps, Temperature Set Point 25 oC and Air 

Conditions units C.O.P is 4 
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especially during summer time as 
shown in figure (15) in additional to 
that if the Set point of the temperature 
increased to 25oC and change the air 
conditioning units with higher 
efficiency one with C.O.P 4 the 
amount of saving in the annual 
electricity consumption will be 10.57 
kWh/m2 about 29% as shown in figure 
(16). 
 
5. Conclusion 
The beauty of sensitivity analysis lies 
in the fact that it helps designers spend 
their time where it matters most and it 
helps decision-makers determine how 
much they can rely on simulation 
predictions. Sensitivity analysis for 
building thermal design can provide 
insights about the building system as a 
part of the simulation process and can 
present opportunities for improved 
handling and analysis of data so that 
energy estimates can be improved and 
uncertainties can be quantified. 
 
It has been found that the annual 
building energy consumption will be 
affected directly and reduced by a 
percentage which must be taken as 
appoint of study for the new designers 
as to help in solving the problem of 
increase in demand and peak loads 
when the wall insulation, lighting 
system, set point temperature, air 
condition units C.O.P and windows 
shading coefficient are changed. 
References 
[1] Al-Ahram Weekly online 25 - 31 July 

2012 Issue No. 1108 Egypt 
(http://weekly.ahram.org.eg/2012/1108/eg
5.htm) 

[2] Annual Report of the Egyptian Electric 
Holding Company, 2009/2010. 

[3] Scren Ostergaard Jensen, Validation of 
building energy simulation programs,  
Energy and Buildings 22 (1995) 133-144. 

[4] JOSEPH C. LAM and SAM C. M. HUI, 
Sensitivity Analysis of Energy 
Performance of Office Buildings, Budding 

and Environment, Vol. 31, No. I, pp. 27-
39, 1996 

[5] J.A. Clarke, J. Cockroft, S. Conner, J.W. 

and P. Strachan, Simulation-assisted 
control in building energy management 
systems, Energy and Buildings 34 (2002) 
933 940. 

[6] Drury B. Crawley, Jon W. Hand, Michael 
Kummert and Brent T. Griffith, 
Contrasting the capabilities of building 
energy performance simulation programs, 
Building and Environment 43 (2008) 661
673. 

[7] D.J. Sailor, A green roof model for 
building energy simulation programs, 
Energy and Buildings 40 (2008) 1466
1478. 

[8] Shady Attia, Arnaud Evrard and Elisabeth 
Gratia, Development of benchmark 
models for the Egyptian residential 
buildings sector, Applied Energy 94 
(2012) 270 284. 

[9] Shady Attia, Elisabeth Gratia, André De 
Herde and Jan L.M. Hensen, Simulation-
based decision support tool for early 
stages of zero-energy building Design, 
Energy and Buildings 49 (2012) 2 15. 

[10] ANSI/ASHRAE/IESNA Standard 90.1-
2001, Energy Standard For Building 
Except Law Rise Residential Building. 

[11] ANSI/ASHRAE/IESNA Standard 90.1-
2010, Energy Standard For Building 
Except Law Rise Residential Building. 

[12] DOE.EnergyPlus;2010.<http://apps1.eere.
energy.gov/buildings/energyplus/>[retriev
ed 01.05.10]. 

[13] EMA. Egyptian Meteorological Authority. 
Cairo: Egyptian Meteorological Authority; 
2010.<http://www.ema.gov.eg/map?men=
3&lang=en>[retrieved 01.04.10].\ 

[14] Khalil E. Baseline Study for Egypt, 
Energy efficiency in the construction 
sector in Mediterranean, energy Research 
Center Faculty of engineering; Cairo 
University;2006.<http://www.medenec.co
m/sites/default/files/user_files/downloads/
EGY%20Baseline%20study.pdf>. 

Page 97 / 522

http://weekly.ahram.org.eg/2012/1108/eg
http://apps1.eere
http://www.ema.gov.eg/map?men
http://www.medenec.co


Building Simulation Cairo 2013 - Towards Sustainable & Green Built Environment, Cairo, June 23rd - 24th 
Topic name: Energy in Buildings 

 

 

Role of Green Architecture in Avoiding Energy Crises in Egypt 

Maysa M. Omar1, Karim M. Ayyad2* 

1 Associate Professor Lecturer of Sustainable Design, MSA University, 6th of October City, Egypt 
2 Associate Lecturer of Green Architecture. MSA University, 6th of October City, Egypt 

* Corresponding author. Tel: +20100 999 10 89, E-mail: karim.ayyad@yahoo.com 

Abstract: With its population burst and industrialization rate, Egypt continues to consume energy more than 
ever, with an annual increase of 15 per cent. It is expected that in 2020 Egypt will need approximately 103 ToE, 
which is a great burden on resources and the economy. This enormous amount of energy is used to run vehicles, 
light streets, operate factories and to provide energy for homes. Domestic houses, consume 45 per cent energy 
use in Egypt. Moreover, by current energy sectors growth rates, Egypt may not be able to provide for the 103 
ToE required, and is expected to have a 15-20 per cent deficit, resulting in energy crises. Therefore, reduction of 
consumption and/or increase of energy generation have become a must. 
 
Green techniques can be of a great help in both fields; energy generation and reduction of energy consumption. 
However, generation of energy in Egypt through renewable means such as solar energy and wind energy are not 
expected to develop massively in the current decade due to the lack of capital and existence of technological 
barriers. Therefore, the most feasible option would be reducing consumption by applying green architectural 
techniques to the biggest energy consuming systems in Egypt; residential buildings. This study introduces green 
architecture as an approach to avoid energy crises in Egypt and reduce the burden of energy sector on the 
national budget. It proves the high probability of energy crises in Egypt, proves the possibility of reducing 
energy consumption using green architectural techniques, and finally determines the means of applying its 
outcomes in the Egyptian  market. 

Keywords: Energy, Energy Crisis, Submission, Journal of Sustainable Building and Environment 

Introduction 
The energy crisis and the climate crisis 
provide a significant opportunity for some 
countries for developing the renewable 
energy industry, in which it has relative 
advantages. It is an export-oriented industry 
with high growth rates and increasing 
global demand which can contribute to the 

and create high-quality, stable jobs. In order 
to realize this potential, the government 
countries must significantly expand the 
investment in research and development as 
well as its support to the industry and 
assistance to entrepreneurs, not only in the 
renewable energy field but also in energy 
efficiency. Investment in the promotion of 
this sector on the national level will be an 
important boost to industry, in training 
manpower, creating experimental project. 
 
1. Green Architecture and Energy 
Green architecture & Green design not only 
makes a positive impact on public health 

and the environment, it also reduces 
operating costs, enhances building and 
organizational marketability, potentially 
increases occupant productivity, and helps 
create a sustainable community. 
Green Building & Green concepts have 
been applied to few buildings during the 
last three decades. Lately and as the 
harmful gaseous emissions had great effect 
on our environment, it is of great 
importance to apply such concepts on the 
newly constructed buildings. Such concepts 
could be more developed in terms of 
concepts related to sustainability and 
energy conscious designs. 

So , Green buildings are more earth-
friendly because the buildings minimize the 
negative environmental consequences by: 

 Lessening changes to the local natural 
environment;  

 Using recycled or recyclable materials; 
 Incorporating renewable and energy 

efficient power generation systems; 
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 Using water resources more efficiently 
and producing less waste. 

 Provide a healthier indoor space 
environment by effectively controlling 
outdoor air ventilation systems and 
using alternative paints, finishes, 
adhesives, furniture and fabrics that do 
not negatively affect air quality 

That's why some countries are taking the 
lead to ensure that new buildings are 
designed and constructed to save energy 
and minimize their impact on the 
environment. Egypt must develop the 
environment friendly buildings.  

2. Sustainability and Energy 
Meaning of Sustainability: 
development that meets the needs of the 
present without compromising the ability of 
future generations to meet their own needs. 

Sustainable Architecture is the architecture 
that sustains the environmental balance 
through relying on ecological construction 
systems and recycled materials to reduce 
the exhaustion of the natural resources. It 
meets the needs of the present generation 
without compromising the ability of the 
future generations to meet their own needs. 

Sustainable architecture is to provide the 
human needs within a built environment 
with minimum destruction of earth. 

Sustainable architecture could be achieved 
through a series of guidelines and 
environmental design systems 

Sustainable Building should include the 
following points:   

 Minimize non-renewable resource 
consumption. 

 Enhance the natural environment. 
 Eliminate or minimize the use of 

toxics.  

understanding of the place, connected to 
the nature, understanding of natural 
impacts, and understanding people. 

There are three dimensions of 
Sustainability, namely Environmental, 
social and economic. The next table 
clarifies Steps of Sustainable Design 

 Sustainable 
Development 

  

      

Economic  Environment  Social 

     

Employment  Air Quality  Local 
Community 

     

Competitivenes  Soil 
Condition 

 Landscape 

     

  Biodiversity  Water 
Quality 

 

Table -1- Steps of Sustainable Design 

3. Green Principles 
These paper points out a set of green 

principles. They are not intended as a set 
recipe that must be followed, but have 
been selected to show the range of 
solutions that exist to overcome individual 
problems in buildings.  

The principles of Green Buildings: 
 Conserving Energy  
 Working with Climate 
 Minimizing New Resources (Waste 

Reduction-Water Efficiency) 
 Respect for Site and its surroundings 
 Respect for the Natural Environment 

(Indoor Air Quality)-( Material 
Efficiency) 

 Low maintenance costs 
 
These are the six key principles of Green 
Building Architecture. 
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3.1 Principle -1- Conserving Energy  
This principle promotes the notion that a 
building should be constructed so as to 
minimize the need for fossil fuels to run it . 
Past societies accepted the necessity of this 
principle without question. It is only with 
the recent proliferation of materials and 
technologies that such a basis for ordinary 
building has been lost. Designing for 
energy efficiency involves an integrated 
approach, from building structure and 
internal system right through to interior 
furnishing.There are two board approaches:  
 
The first aims at minimizing the impact of 
external environment, through the use of 
good insulation, controlled ventilation, and 
the economic use of space. 
The second is to use directly the effect of a 
renewable energy sources (such as the sun, 
sustainable resources: solar, wind, wave, 
tide, and geo-thermal power.  and natural 
ventilation) to minimize the need for 
heating and cooling systems.  
 
3.1.1 Renewable Energy Sources 

Design buildings using free, renewable 
sources of energy to provide heating, 
cooling, ventilation and lighting. 

Renewable energy is energy that comes 
from resources which are continually 
replenished such as sunlight , wind , rain 
, tides , waves and geothermal heat. About 
16% of global final energy consumption 
comes from renewable resources, with 10% 
of all energy from traditional biomass, 
mainly used for heating, and 3.4% 
from hydroelectricity. New renewable 
(small hydro, modern biomass, wind, solar, 
geothermal, and biofuels) accounted for 
another 3% and are growing very 
rapidly. The share of renewable 
in electricity generation is around 19%, 
with 16% of electricity coming from 
hydroelectricity and 3% from new 
renewables.  

Alternative renewable energy sources 
which are not sustainable are hydro-

electrical energy (rivers and waterfalls) and 
energy from organic fuels. Global warming 
and the climate crisis, which require the 
reduction of greenhouse gases emission, 
together with the rise in fuel prices, have 
led to a significant growth in the alternative 
energy field. This growth is evident in 
research and development as well as in the 
development of the renewable energy 
industry and its use to produce electricity
  

Green techniques can be of a great help in 
both fields; energy generation and reduction 
of energy consumption. 

 Solar energy and Photo-voltaic 
cells (PV)  

Solar energy technology is based on 
photo-voltaic cells made of silicon, 
which react to sunlight, producing 
electricity. Its use is usually dispersed, 
i.e., in small units installed on 
buildings or lampposts, but there are 
also large power plants based on this 
technology.  

   Solar Energy Savings 

The Investment Returns for 
Customers (Households) 

The greatest single cost to the 
average household is solar water 
heating. 

Solar water heater suppliers are optimistic 
about the potential savings  as evidenced 
from the statistics presented by Suntank (a 
solar water heater supplier) and presented 
below. 

What makes up my electricity bill ? 

Energy Costs for a Typical Household 
(suntank.com) 

This means that you will pay for the solar 
water heater in 6.42 years (at the present 
cost of electricity) and in 1.6 years by 2012 
(in 4 years time the cost of electricity is 
expected to go up about four times). 

Page 100 / 522



Building Simulation Cairo 2013 - Towards Sustainable & Green Built Environment, Cairo, June 23rd - 24th 
Topic name: Energy in Buildings 

 

 

SOLAR GEYSER PAYBACK 
COMPARISON 

 
2008 2012 

Cost per unit to 
the Customer 

R 
16,562.24 

R                 
16,562.24 

Average energy 
bill per month R 500.00 R 2,000.00 

Saving 43% 43% 

Rand Saving R 215.00 R 860.00 

Number of 
months to pay 
back Solar geyser 

77.03 19.26 

In years 6.42 1.60 

Table-2- Solar geyser payback comparison  

Not trusting the advocacy data at face 
value, PDC Solar undertook its own 
research. Richard Palmer installed solar 
water heating at his Johannesburg home at 
the end of March 2007. Each month the 
energy bill (both the kw.h and Rand value) 
are recorded on a spread sheet. The findings 
are summarized in the graph below; 

This shows a monthly savings of R 344-00 
(or 670 Kw.h) and therefore an independent 
and surprising resonance with the Suntank 
position. This gives the PDC Solar team 
great confidence in their business plan and 
the potential for household savings upon 
which it is based. 

Of course as energy bills rise (they are 
predicted to increase by 60 % in 2008 

 

 Wind energy  

It is produced using a rotor which is turned 
by the wind, driving an electricity-
producing turbine. Wind turbines are placed 
in open spaces with a suitable wind regime, 
or on floating rigs in sea. Small turbines 
which can be placed on houses or on tall 

office buildings with a suitable wind regime 
are currently entering the 

This approach uses the location of the 
building as a major contributor to internal 
climate control. 
Designing for energy efficiency must also 
take into account the amount of energy that 
has been used in the manufacturer of the 
building materials. There is little point in 
improving the energy efficiency of a 
building if the materials needed to achieve 
this required more energy to make 
(generally referred to as embodied energy) 
than would be 
lifetime. Fortunately, many of the most 
energy-efficient materials, such as stone, 
are natural, and not highly energy-intensive 
to extract and use, unless they are 
transported over long distances. 
 
 For example, aluminum is one building 
material that is high on the list of energy-
intensive materials. 
 
Another approach of energy efficiency is 

These allow heating, lighting, and 
appliances to be switched on and regulated 
as needed, with the aim of using a 
minimum of energy. Sensitive thermostats 
and light sensors, combined with a 
computer-based program, allow 
temperatures to be monitored and 
heating/cooling needs adjust accordingly. 
 
 
3.2 Principle 2: Working with climate 
Here, the underlying principle is the 
premise that buildings should be designed 
to work with climate and natural energy 
sources. Emphasis is placed on how 
building form and the disposition of 
building elements can alter internal comfort 
conditions. 
 It seemed natural to many civilizations to 
make use of the heat of the sun to help 
reduce the need for wood to provide heat. 
The Romans used the solar design 
principles that they learned from Greek 
examples, but they were also able to make 
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use of window glazing, developed in the 
first century, to increase the heat that could 
be gained. The growing shortage of wood 
for fuel made the use of south-facing 
glazing popular for the villas of the wealthy 
and for public baths.    
The tradition of design with climate to 
achieve comfort in buildings is not confined 
to the provision of warmth. In many 
climates- such as hot, dry ones- the problem 
that faces the architect is to cool spaces in 
order achieve to comfortable conditions. 
Traditionally this was achieved with the 
introduction of building envelopes of high 
thermal mass to store the incoming solar 
heat , and wind towers or scoops , 
sometimes coupled with courtyards or 
clearstory window openings to enhance 
natural ventilation . The conventional 
modern solution, the provision of air 
conditioning systems, is no more than a 
crude process of opposing climate with 
energy (although inevitable in some 
industrial applications for the provision of 
ultra clean air ), which was foolish enough 
when energy was cheap and pollution not 
considered, but is now verging on the 
insane. 
 
3.3 Principle 3 : Minimizing new 
Resources 
The premise here is that a building should 
be designed so as to minimize the use of 
new resources and at the end of its useful 
life, to form the resources for other 
architecture . Although this principle, like 
the others discussed, is directed towards 
new buildings, it acknowledges that 
immense resources are already a part of the 
existing built environment , and that the 
rehabilitation and upgrading of the existing 
building stock for minimal environmental 
impact is as important, if not more so, than 
the creation of a new green architecture. 

3.3.1 Water Conservation Technologies 

 Water conservation is becoming 
increasingly a demand for water increase 
especially in hot arid regions (desert zone in 
Egypt). Reduction and reuse of water are 

considered as main elements to achieve 
zero-carbon cities. A number of 
conservation measures can be used in cities 
such as rain water collection (water capture 
technology) and grey water reuse. Rain 
water is collected and channeled into a 
catchment basin as a landscape area to look 
like ponds increasing the aesthetics and 
value of landscaping effort. Gray water can 
be recycled and treated to be suitable for 
irrigation and other non-drinking uses in the 
city,[5]. 

3.3.2 Waste to-Energy Technology 

Small Fraction of the energy needed to run 
the city comes from Waste portion of the 

reduction measures, reuse recycling and 
composting solid wastes. Such approaches 
of waste require new technologies and 
management systems that integrate public  
health and environmental engineering with 
ecologically sound planning [3]. 

Most common building materials today 
have recyclable alternatives. Concrete, 
metals, glass, brick and plastics can all be 
produced with some form of the previously 
used material, and this process of 
production lowers the energy requirement 
and emissions by up to ninety percent in 
most cases. 

Re-use can take the form of recycling 
materials or even recycling spaces. The 
later is more commonly known in the 
literature as adaptive re-use. However the 
alterations necessary for adaptive re-use can 
often more or less obliterate the original 
form of the structure or building. 
Furthermore steps to be taken to improve 
the thermal performance of a building can 
alter its appearance .This produces a 
dilemma: should a building be preserved 
unchanged because it can still be made 
useful, be conserved in a changed state? A 
green approach to the problem might 
suggest that the question be decided on 
resources alone. The recycling of building 
materials ia an important step in protecting 
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our natural resources. But for recycling to 
realy work, we must close the loop, by 
purchasing products with recycled content. 
Examples are many: acoustical ceiling tiles 
containing recycled cellulose, toilet portion 
containing recycled plastic, and structured 
insulated panels containing straw. Also to 
close the loop, we must consider using only 
building materials that are environmentally 
friendly rather than others that are 
hazardous, not only to the environment, but 
also to the humans who come in contact 
with them. For example, the use of PVC as 
a construction material has come under 
particular scrutiny because of the effects of 
hormone-disrupting chemicals such as 
dioxins, which appear to be released in 
PVC manufacture and disposal. There has 
been a recent increase in the tendency to 

symptoms, including headaches, 
congestion, and lethargy. Flickering 
fluorescent lighting, poor ventilation, and 
low humidity have been blamed, and there 
is evidence to suggest that the incidence of 
these problems is lower where people can 
control their immediate environment, rather 
than having to rely totally on sealed system 
 
3.3.3 The Recycling Process 

Recycling, in its literal meaning, is the 
procedure of making used or unwanted 
products in into new remanufactured products. 

The procedure of recycling is unique in the 
sense that the products are recycled in such 
a way that the materials that are left after 
the remanufacturing are considered 
essential. 

When educating oneself on the process of 
recycling it helps to remember that most 
materials can be recycled but certain 
products (i.e. cell phones and old 
computers) provide more of a challenge to 
remanufacture. In this case, the re-making 
or the reusable materials become much 
inefficient. 

On the other hand, products such 
as, paper, plastic, glass, tin and some other 
textiles are all relatively easy for processing 
and thus the recycling process becomes 
highly efficient. 

Easily recyclable items share organic 
materials just as certain foods and plants 
do. The procedure that is used in the case of 
food and plants is known as the composting 
rather than the recycling. 

3.3.4 The Recycling Process / Benefits 

The purpose for the recycling is 
important for a number of reasons. One of 
the most obvious reasons lies in reducing 
the amount of natural resources that are 
consumed for every new product. Since 
recycling is conserving energy the process 
produces a smaller carbon footprint, 
thereby helping the environment. 

The recycling process also prevents water 
as well as air pollution while forbidding the 
garbage build up accompanied by landfill 
proliferation. Since materials are brought to 
a recycling facility they do not wind up in 
areas that do not have a place for them. 

Further, if the procedure of recycling 
happens to be a perfectly efficient process 
then one would be able to convert all old 
wasted products into similar amount of the 
same product. 

Though, there would be an energy 
expenditure this expenditure is used while 
processing recycled materials that can raise 
the cost of manufacturing of certain goods 
to a higher level. 

These criticisms are often specifically 
targeted on state mandated recycling 
initiatives. However, even if the cost of 
production is higher it may be justified due 
to the cost of maintaining the product in a 
landfill after it is used. 

The Process of Recycling / Salvage 

Salvage is another form of recycling, in 
which valuable substances or components 
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of a used product are reclaimed without 
actually reusing the rest of the product. This 
is done with the lead found in batteries, as 
well as the gold parts that are found in 
computer chips. 

These products are all produced from real 
pieces of the natural earth, quarried, cut and 
refined into a series of elegant and 
sophisticated home accessories. 

 Economical and effective separation 
of valuable recyclables such as 
metals and plastic from Municipal 
Solid Waste 

 Reduction of waste stream into 
Refuse Derived Fuel for electricity 
generation. 

 85% reduction in the volume of 
waste that goes to the landfill. 

 Carbon neutral technology 
 Low maintenance, highly reliable 

system 
 Extends landfill life 
 Reduces cartage costs 

Recycling involves processing used 
materials into new products in order to 
prevent waste of potentially useful 
materials, reduce the consumption of fresh 
raw materials, reduce energy usage, reduce 
air pollution(from incineration) and water 
pollution(from landfilling) by reducing the 
need for "conventional" waste disposal, and 
lower greenhouse gas emissions as 
compared to virgin production. 
recycling effects people because when 
people recycle more trees are produced and 
oxygen is cut down. People will be able to 
use lots of their energy cause if we keep 
recycling we wont run out of energy which 
means no one will be lazy. 

3.4 Principle 4 : Respect for site  

In Egypt the city reduces the carbon 
footprint by orienting its buildings north 
east to south west. This helps to minimize 
the amount of direct sunlight on buildings 
while still providing natural daylight. 

Building narrow, shaded passage ways, 
instead of wide roads, funnels breezes and 
helps to keep the city cool.  

This principle embodies an attitude to the 
interaction of a building and its site in term 
of slopes, landscape, and topography that is 
essential to a green approach, but also 
implies wider concerns. This relationship to 
site is seen in the traditional dwellings of 
nomads. Traditionally, they not designed 
them to be light and movable, but they also 
took heed of the materials used in building 
and the possessions they carried with them. 
The black tent of the Bedouin is woven 
from the hair of their goats, sheep, and 
camels. When erected, the tent cloth adopts 
low, aerodynamically efficient profile to 
avoid damage by high winds; it is kept in 
place by long ropes, also woven from hair, 
and support by a very few wooden poles, 
because wood is a scarce resource in the 
desert. The concept of green design 
certainly embodies more than respect for 
site. A green roof is environmentally 
preferable to one of asphalt or cement tiles 
because it creates space for plants and 
insects , and these will provide food for 
birds and even habitats for small mammals 
if the roofs large enough. It is away of 
putting back a little of what the building has 
taken from the site. Planted roofs literally 
preserve the site, raising it up and putting 
back into the environment some of the 
beneficial life that even a green building 
must remove. After all, for the green 
architect the site is the planet.[8] 
 
3.5 Principle 5: Respect for the Natural 
Environment  
Green Design starts with the premise that, 
like man and nature, architecture and 
environment cannot be thought of 
separately. There is a dialogue that exists 
between them, and the nature of this 
interaction is generously displayed in the 
vernacular examples of architecture. Using 
native (indigenous) plants in landscape is 
environmentally friends. Native plants are 
adapted to the climate and local soil; thus 
they do not need extra water. They also 
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provide homes and food for native and 
migratory birds, insects, and animals. 
Native plants also help preserve 
biodiversity, allowing species and 
ecosystem to adapt to changing conditions. 
This method of landscaping with 
indigenous plants is referred to as 
xeriscaping. Proper landscaping can also 

rgy 
efficiency. Planting trees around low-rise 
buildings can cut cooling needs by up to 
30%     
To make the cities more environmentally-
friendly the green designers must face 
many challenges to set-up zero-carbon 
cities . 
There are new innovative renewable energy 
solutions which can be applied to the 
construction operation of these cities to 
become an epicenter for development and 
commercialization of clean energy 
technologies: 
Environmental outside building 
 
i. Integrating with Nature & bring 

Nature on the roof  

The basic elements of nature trees, water, 
soil, air, sun, etc. can always be brought 
inside the built environment in a trial of 
giving back to nature what was snatched 
from it in the course of construction. 
 
ii. Inspiring from Nature 

Nature has a lot to teach us, especially 
when it comes to architecture, so when it 
comes to buildings our best teacher is often 
the natural environment. Take these 
amazing buildings, some already built and 
some still concept designs that were 
inspired by nature  bugs, rocks, shells, and 
plants. The natural world has had millions 
of years to improve and it makes sense to 
use the same concepts to create a more 
sustainable and energy efficient building. 

 

Fig-1- Green techniques 

 

 

 

 

 

 Fig -2- Green techniques 

iv. Using environmental systems in 
(Deseret zones) to reduce energy 
and temperature from 8-20 
degrees 

 The Creates Shades & Shadows 
 Courtyards        
 Creates intermediate climate 
 Thick outer walls    (skin) 
 Wind catchers 
 Roof Garden             
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Fig-3- Using courts in desert zones 
layout 

 

Fig-4- Using vaults create shade and 
shadow 

 

  Fig-5- Roof Garden               

At the end saving energy means  
 Decreasing the amount of energy 

used while achieving a similar 
outcome of end use.  

 Using less energy has lots of 
benefits  you can save money and 
help the environment. Generating 
energy requires precious natural 
resources, for instance coal, oil or 
gas.  

 Therefore, using less energy helps 
us to preserve these resources and 
make them last longer in the future. 

 -
does it have to do with energy use? 
Nearly all everyday products have 
an impact in terms of energy, 
especially when you consider their 
energy requirements across the 
whole life-cycle: production, use 
and end-of-life. In many cases the 
use phase is dominating. Plastics, 
for example, are one of the most 
resource-efficient materials 
available. In their use phase, plastics 
products help to save more energy 
than is needed to produce them: For 
example, when you choose a bottle 
of water packaged in a light weight 
material such as plastic, remember 
that lighter packaging requires less 
energy for transport. Thus, less fuel 
was used to power the truck that 
delivered those plastic bottles. 

Here are a few ideas to to save energy: 

 Change your travel behavior, think 
more in terms of public 
transportation, if possible, walk or 
ride your bicycle instead of taking 
the car 

 Reduce your house heat by 1C, keep 
the windows closed while heating, 
dress warmly 

 Choose products that come with 
lightweight packaging 

 Turn off lights and appliances when 
you are not using them, use energy-
saving light bulbs 

 Reuse plastic bags for shopping and 
storage 

 Use a microwave instead of a stove 
to reheat food 

 Use rechargeable batteries instead 
of disposable batteries 
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4. SCP City Demonstration Process 
Assessment and project formulation: 
 Identification and Mobilization 

of stakeholders 
 Information collection, issue 

clarification 
 Pnoritisation of issues 
 Clarification of and consensus 

on strategy option 
 Detailing / negotiating action 

plans 
 Detailing and implementing 

demonstration projects 
 Documenting, learning, and up-

scaling 
 Citywide Agenda 21 

Environmental Management 
Strategy and EMIS 

 Up scaling, strategy 
Implementation profiles and 
bankable projects 

 Replication 
 Institutionalising the process 

through development strategies 
5. Application of Green Technology 

(Ministry of education in Riyadh) 
The basic idea behind the project 
is reduce the amount of electric 
energy consumed in air 
conditioning and operating the 
building by 80% . Innovated 
design concepts were applied . 

 There are several internal 
courts (nine meters deep) 

 Maximize the use of 
natural lighting 

 Longitudinal atrium with 
sky lights  

 Wind catchers 
 Natural ventilation 
 Thick walls  80 cm leaving 

an air cavity in between to 
insure maximum 
insulation between internal 
and external atmosphere 

 The windows are a 
minimum of 40 cm away 
from the outer skin of the 
building in order to cast a 

shadow on its glass panes 
during the hottest hours of 
the day. 

 The glass panes themselves 
are double-glazed with a 
vacuum in between to 
reduce the heat transfer to 
the inside The roof inclined 
to the north of the building 
is covered by plants to 
maximize the cooling effect 
on the employees below. 

 This goal of reducing 
energy consumption from 
100 to 20 watts / m.sq  

 The plan is to stretch 
photo-voltaic panels over 
the inclined roof to the 
south .these panels convert 
sun-rays to energy that is 
used to cool water as it 
runs through serpentine 
foil. 

 The solar panels are used 
for heating air and water 
inside the building [8] 

 

 

 

 

 

Fig -6- Ministry of 
Education, Riyadh 

6. Results 
 Increase awareness of green 
architecture design. 

 Eliminate limit   
 The key elements of saving energy 
design are:  
building location and orientation on 
the site; building layout; window 
design; insulation (including 
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window insulation); thermal mass; 
shading; and ventilation. 
Each of these elements works with 
others to achieve comfortable 
temperatures and good indoor air 
quality. 
All of these elements work 
alongside each other and therefore 
should be considered holistically. 
For example, large windows that 
admit high levels of natural light 
might also result in excessive heat 
gain, especially if they cast light on 
an area of thermal mass. Similarly, 
opening windows that provide 
ventilation will also let in noise.  

 The use and development of design 
healthy buildings are becoming 
major subject in green and 
sustainable design  practices 
because of the diversity and 
complexity that characterize 
processes and constrains involved in 
it. 

  There is an increasing need for 
green and sustainable rating systems 
to help in commissioning and 
evaluation process during design , 
construction and post occupancy 
processes of green buildings 

 
7. Discussions 
 

 Raising the awareness of 
Architects and practitioners in 
Egypt of Role of Green 
Architecture in Avoiding Energy 
Crises  

 
government to act upon this 
growing demand for zero-carbon 
cities and legislate to create a 
national market for zero-carbon 
technologies. 

 The Industrial Revolution begun 
300 years ago . This required 
countries to fully develop. By 
contrast, the revolution we now 
need, the Environmental 
Revolution, must be compressed 
into decades at the most. 

Planning, designing and 
building this Environmental 
Revolution will entail reshaping 
our economies, politics, 
lifestyle, and values, with a 
holistic approach to the design 
of details, buildings, cities and 
landscape. Appreciation and 
application of the principles 
theories of sustainability will 
form the basis for design at both 
macro scales. 
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Abstract: A significant lack of the quantitative knowledge appears when assessing the effect of façade opening 
designs on both, visual and thermal comfort, in the hot climate regions. This paper presents a new daylighting 
dashboard for the Egyptian residential sector. The developed Dashboard assesses the efficiency of window designs 
according to Daylight Autonomy, visual comfort (the glare probability), psychological aspects such as views and 
privacy, and energy consumption. These are initial finding and still needed to be validated and redefined. Apart from 
providing full quantitative analysis, the Daylight Dashboard is simplified visually to help the architects to choose the 
optimum window design based on the five main goals. 
 
Keywords: Dashboard, Daylight Autonomy, Glare, Energy Consumption, View, Privacy 

1. Introduction: 

Facades designs are one of the most 
complicated subjects that face the architect 
throughout the design process, especially 
when design intention is to reduce energy 
consumption and improve occupant health 
and well-being [1,2,3]. Facade openings in 
the building are important since they provide 
the daylight which is considered to be the 
best source of light that matches human 
visual response and good color rendering 
having a substantial positive impact on the 
occupants [4]. In Egypt, the desert is gifted 
by clear sky conditions providing the 
opportunity to benefit from the day light. 
However, Natural lighting has two 
noticeable effects, Light and Heat, in the 
radiation spectrum when entering a building. 
In hot climates, large windows can provide 
more daylight but higher energy 
consumption for cooling, while small 
windows can decrease energy consumption 
but no sufficient daylight. Hence, hot climate 
is considered one of the most challenging 
climates when dealing with daylighting [5]. 

This Paper introduces daylighting dashboard 
with five main assessment goals: 
 

- Daylight Autonomy: The percentage of 
floor area that meets specified 
illumination threshold over 50% of the 
annual occupied hours.  

- Visual comfort: The tendency to avoid 
glare resulted from the direct sunlight 
beams.  

- Energy Consumption: Reduce the heating, 
cooling and artificial lighting loads.  

- View: Achieve best possible view to the 
outside.   

- Privacy: Achieve privacy through 
minimizing the visual penetration to the 
inside.  

2. Literature Review:  

Despite the fact that Daylighting is a key 
component to achieve sustainable design, no 
prevailing metric has emerged to help 
identify buildings that are well- day lit 
buildings [6]. Many contributions tried to 
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assess metrics that define the impacts of 
daylighting. 

Point on time methods of evaluation for 
daylighting do not account for all the 
influences on daylight illumination levels 
nor the dynamic of sky conditions and sun 
rotation. The most common used method is 
Daylight Factor (DF) that includes only 
skylight without sunlight consideration [7] 
and under the simplified standard overcast 
sky distribution according to the 
International Commission on Illumination 
(CIE) [8]. 

The term climate-based daylight modeling 
was first mentioned by Mardaljevic [9]. 
Several studies illustrated several ways to 
use the climatic-based daylight modeling 
based on advanced simulation software [10, 
11, 12]. According to Mardaljevic he divided 
the analysis into two types; cumulative and 
time-series. Cumulative Analysis meant to 
deal with aggregated measurements like the 
total illumination around a year, season or a 
month, taking in consideration the effect of 
hourly sky and sun conditions. Time-series 
analysis measures the hourly and sub-hourly 
values then use it as inputs to behavioral 
models for blind usage and light switches.  

As a consequence, designers that are 
responsible of generating buildings energy 
performance reports are depending more and 
more to simulation tools, which depend on 
climatic data files that are available for 
download from several websites. One of the 
most comprehensive sources is the 
EnergyPlus thermal simulation program 
[13].Accordingly, international standards 
rating systems appealed, such as the BRE 
Environmental Assessment Method 
(BREAM) [14] and 

and Environmental Design (LEED) [15]. 
The new Egyptian Green Pyramid Rating 

system (GPRS) [16] mentioned two 
parameters to be considered in the design, 
the energy savings depending on the 
integration between the natural lighting and 
artificial lighting, and the suitable lighting 
intensity to meet the required applications 
according to the local codes. 

Reinhart and Fitz [17] conducted a survey to 
evaluate the daylight software usage through 
an online survey in several countries like 
Canada, US and Germany. The authors 
found that the designers tend to use their 
primary method to estimate daylighting 
during schematic designs and only 50% 
usage during the development phases, 
despite the availability of simplified and 
detailed the simulation tools. Moreover, 
when comparing the tendency of using 
simulation tools in Egypt and worldwide, it 
is obvious that very few designers in Egypt 
that may use simulation tools during 
schematic and developing of design 
according to two main facts; first, only three 
buildings are LEED certified. Second, the 
GPRS is still in its draft version. Hence, 
there is no serious motivation for the 
designers and architects to use simulation 
tools. However, the author recommends 
conducting surveys to assess the usage of 
simulation tools in Egypt. Reinhart and 
Wienold, 2011 [18] discussed some barriers 
towards using the technology of simulation 
tools; variety of simulation environments 
and tools, consumed time and complicated 
simulation process, lack of pressure to use 
advanced daylighting analysis and the lack 
of expertise to interpret the simulation 
results and to choose the right decisions. The 
Authors presented a vision of a computer 
based analysis that creates a day lighting 
dashboard, aiming at extending it with an 
expert system that assist the designer to 
carry out the required design optimizations.  
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Leslie [6] argued that those who are 
responsible for Energy modeling or code 
officials care about performance of some of 
the goals to certify the building compliance 
with rating systems. They lack criteria 
beyond energy savings such as Views or 
Circadian stimulus. However, there is an 
obvious lack in the rating systems to assess 
the façade openings or windows integrative; 
there were some contributions from some 
researchers to handle multi-criteria 
assessment for openings and windows 
designs. The Author specified then eight 
goals that should be prioritized according to 
individual projects, rating systems or code 
requirements. This early indication of 
performance of conceptual design 
alternatives is likely to guide architects to 
better daylit buildings.  
 
3. Methodology 
 
The Aim of this paper is to introduce an, 
easy to use, integrative assessment method 
for daylighting through the window designs 
based on the state-of-art simulation tools that 
complies with the local climatic conditions 
and socio-cultural aspects of the people in 
this region. It is important to highlight that 
the new daylighting dashboard is the first 
integrative approach that considers the urban 
context in the assessment of day lighting 
performance. It gives a higher validity to the 
assessment process that reflects on the final 
decisions concerning choosing optimized 
designs. Moreover it includes some rules of 
thumb to assess the privacy and view. 
 
3.1. Stage one: urban context definition 
 
Since the assessment process is based on 
simulation, the urban context should be 
simulated before assessing the single zone. 
According to the Egyptian unified code for 
construction [19], states that the minimum 
street width for an urbanized neighborhood 

is 10 meters and the height of the building 
should not exceed one and half of the street 
width. This gives several possibilities for the 
formation of an urban context. The Author 
conducted an earlier study to illustrate the 
possible effects of the urban context on the 
amount of solar radiation exposed by the 

 façade. The dimensions of a 
prototype with 6 stories residential building 
are18 meter height and 22m width [20] was 
built in a three virtual urban contexts 
according to the Egyptian unified 
construction law. Simulation was run with 
DIVA for Rhino. The following results 
showed up:  
 
 
 

 
It is clear that every case it totally different 
from the other. The height of the window 
from the ground should be taken in 
consideration before using the dashboard.  
 

12m width 
street 

24m width 
street 

No 
neighboring 
building 

 
mean radiation: 
290kWh/m2  

 
mean radiation: 
355kWh/m2 

 
mean radiation: 
430kWh/m2 

 

 
mean radiation: 
514kWh/m2 

 
mean radiation: 
677kWh/m2 

 
mean radiation: 
856kWh/m2 

 
mean radiation: 
575kWh/m2 

 
mean radiation: 
785kWh/m2 

 
mean radiation: 
1010kWh/m2 

 
mean radiation: 
714kWh/m2 

 
mean radiation: 
975kWh/m2 

mean radiation: 
1192kWh/m2 

Table 1: Different cumulative mean radiation of 
the facades for the different urban contexts  
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The Daylighting dashboard is divided into 
two parts; simulation based analysis and 
visual based analysis.  
 
3.2. Stage two: Daylighting Simulation 
based Analysis 
 
3.2.1.   Daylight Availability  
According to the Illuminating Engineering 
society of North America (IESNA) [21] 
Daylight Availability refers to the amount of 
daylight available from the sun and the sky 
at a specific location, time, and date and sky 
condition. In order to calculate it the annual 
amount of daylight should be quantified. 
Climate-based Daylight Modeling 
approaches (CBDM) [22, 23] are approaches 
that handle long periodic analysis. However, 
there is no consensus in identifying the 
important information that is generated by 
these methods. This stage uses the Dynamic 
Daylight Performance Metrics (DDPMs): 
Daylight Autonomy (DA) [23] and Useful 
Daylight Illuminance (UDI) [24] are two 
metrics that use annual simulations to find 
the percentage of useful daylight availability 
at a given sensor point according to a given 
required illumination level. In order to 
calculate the Daylight Autonomy or Useful 
Daylight Illuminance, the designer should 
use advanced daylighting simulation tools 
such as Daysim using Radiance simulation 
engine. 
 
Adequacy of the daylighting levels are 
defined according to the most common 
approaches used which is (DA) and (UDI). 
As defined by [23] 
occupied hours of the year when a minimum 

The target illuminance is used as the metric 
for the space according to (IESNA). The 
(UDI) distribution uses upper and lower 
thresholds [24, 25] times that represent 
excessive daylight that can lead to thermal 
and visual discomfort is the upper threshold 

(UDI>2000lux) and the times with too little 
daylight is the lower threshold 
(UDI<100lux) and the intermediate level is 
(UDI 100-2000lux)  
 
Till now, several subcommittees under the 
(IESNA) and the (CIE) are aiming to define 
and make authoritative practice of DDPM 
criteria to evaluate the performance of 
Daylighting [26]. According to the daylight 
rule of thumb (DRT)[27]where he illustrated 
that an interior area is considered to be daylit 
if it receives at least half the time sufficient 
daylit compared to an outside point, which 
means more than 48%. 
 
3.2.1.1. Criterion 
Many researches made assumptions to 
evaluate the daylight availability. Leslie [6] 
identified criteria to assess daylight 
autonomy in school buildings. She divided 
the efficiency of DA intro three stages. 
However, there is no validated criterion yet 
to define the minimum threshold for daylight 
autonomy.  In this research the assessment of 

According to the different context, the 
minimum DA threshold lies between 29% 
and less, intermediate DA lies between 30-
69% and maximum DA lies between 70% 
and more of the floor area.  
 
3.2.2.   Visual comfort 
According to the Lighting handbook of 
IESNA, glare is the sensation produced by 
luminance within the visual field that is 
sufficiently greater than the luminance to 
which the eyes are adapted to cause 
annoyance, discomfort or loss in visual 
performance . It is possible 
with simulation software to calculate annual 
illuminance or luminance profiles based on 
local climate data and a daylight coefficient 
approach [29]. Wienold [30] proposed a 
simplified method using daylight coefficient 
and images to calculate annual DGP profiles. 
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Since it still consumes time to calculate the 
annual glare, it is suggested to calculate 
Glare probabilities at one time (i.e. 12:00 for 
the South orientation) as the highest possible 
glare that can occur during the day 
 
3.2.2.1. Criterion  
The Daylight Glare Probability (DGP) is a 
simplified method introduced by Wienold 
[31] it is divided into four categories; 
intol

(DGP<35%). 
 
3.3. Stage three: Energy simulation based 
analysis 
 
3.3.1. Energy Consumption 
Daylighting has a direct impact on heating 
and cooling loads (with artificial lighting 

energy needs), the impact of efficient solar 
control strategies that can have on energy 
use is undeniable [32]. Each kWh of energy 
saved can prevent 680.39g (1.5 lb.) of 
carbon dioxide emission [33]. Thus it is 
important to consider the energy 
performance of the design façade through an 
integrative strategy. 

Many studies assessed the direct effect of 
using several external shading devices on the 
thermal comfort [34, 35, 36]. However, it is 
crucial to assess only the thermal behavior of 
shading devices without the integrating with 
daylighting. Only few researches handled the 
integration between Thermal comfort and 
energy consumption with daylighting [37, 
38, 39].However, researchers are missing the 
creation of tradeoffs between the several 
designs of different façade treatments. Using 
a dashboard will facilitates this process and 
help designers to work on several option, 
taking in consideration the integrative usage 
of the simulation software [40] since the 

validity of the results will rely a lot on the 
process of simulation. 

Reinhart and Wienold [18] used the annual 
hourly schedules for occupancy, electric 
lighting and the statues of the blinds in 
Daysim as simulation input to EnergyPlus. 
Didone [41] used the same methodology and 
illustrated the difference between the 
absolute thermal energy simulation and 
integrated simulation. The use of artificial 
lighting control according to the available 
daylight ended up with a final reduction in 
the energy consumption from 12% to 52% 
(heating, cooling and lighting).  
 
3.3.2. Criterion 
It is hard to consider a minimum 
requirement for the energy consumption 
resulted by the designed window. The main 
reason behind this is that the total energy 
consumption calculation depends on the 
holistic building design strategy. Moreover, 
it includes many other factors like wall 
insulation, building geometry and 
orientation, HVAC system, etc. that have a 
greater influence over the energy usage 
inside the building.  
 
The author suggests conducting the 
assessment process upon the design 
conditions that achieves passive or low 
energy house design. The minimum 
threshold target performance of 
71kWh/m2/year with a predefined window 
wall ratio or more. Acceptable or 
intermediate energy performance is between 
70kWh/m2/year and 31kWh/m2 lower, best 
achievable energy consumption that lies 
between 30kWh/m2 and less.  
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3.4. Stage four: Visual based Analysis 
 
3.4.1.   View 
The importance of the View varies from one 
culture to another. Since the view tends to be 
consistent with providing privacy, it used to 
get lower priority in the Middle East. Yet, a 
window that provides better views is more 
preferred. The views are important as they 
provide information about what is happening 
outside. While people prefer natural rather 
than built or urban views; there are fewer 
consensuses on defining what creates a view 
[42]. 
 
Butler and Biner [43] claimed that 
preference for window is more related to the 
function of the space. The authors made a 
questionnaire to define windows preference 
for 14 different spaces. They categorized the 
results into three differ rent levels, the spaces 
with most desired windows which are family 
room, dorm room and library. Small 
windows were the response for the garage 
and bathroom, and no windows were the 
response for lecture hall, public bathroom 
and computer workroom. It is important to 
mention that based on these results 
regression analysis was performed in order 
to assess the most important factor that 
window provides out of 11 different factors. 
The view resulted as being the most 
important factor for discriminating among 
different functions.  
 
It is clear that View indicator may gain 
higher weighing factor compared to the other 
indicators. However, in this research no 
weighing factor is proposed and further 
optimization should be considered according 
to occupant desire, which will best suit the 
individual cases. 
 
Usually residential buildings are built within 
a specific urban context that may or may not 
provide an overlooking to a green area, 

square or a landscape. When assessing the 
window design regarding the view, the pre-
defined urban context with its available 
overlooking should be considered priory. 
The LEED rating system defines the view as 
the straight visual connection from an indoor 
point to an outdoor point through the 
opening on the façade located at a certain 
height. However, ignoring the outside 
possible views makes this credit lacks the 
credibility of assessment.  
 
Reinhart and Wienold [18] related the 
assessment of the view according to the 
occupied hours of the year and accordingly 
to the blind control strategy and showed a 
significant difference between the 
percentage of view for an active blind use to 
avoid direct sunlight and active blind use to 
avoid glare. On the other hand, Leslie [6] 
weighed the view on three levels; best 
performance for a view to the sky and 
ground, the intermediate for a view to the 
sky only and worst case for no views. This 
criterion will significantly lack the validity 
when assessing views resulted from different 
shading devices.  
 
3.4.2. Criterion  
There are three main factors that should be 
defined ordinal before assessing the View; 
urban context (Front buildings), window 
height from the ground and window ratio 
and shading device. Every barrier lowers the 
possibility to achieve higher levels of views.  
 
Urban context: as the first barrier defines the 
type of view that a window will provide and 
the quality of view affects the final 
percentage of assessment; Kaplan [44] 
proved for example that there are no 
satisfaction differences between respondents 
who could see more or fewer built elements 
as long as there is no available nature. In this 
manner the type of the urban context has no 
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great effect as much as it already exists. 
However, the authors divided the view that 
could be provided within any urban context 
into three levels; Sky, Horizon (scene) and 
street (ground). It is hard to weight the 
importance of each level as it depends a lot 
on the occupant needs.  

 
 
 
 
At this stage we give for each level 35% 
according to the available view provided by 
the second factor which is (window height 
from the ground). As a rule of thumb, in a 
dense urbanized neighborhood, the upper 
floor windows will provide a view to the 
sky, while the lower window will have an 
access view directly to the street or the 
landscape. In less dense neighborhood with 
low rise buildings that does not exceed 3 
stories; all windows in the façade will have a 
view to the sky and street. The last case 
when there is an open area or wide street in 
front of the designed window, then it 
provides a view to sky, street and the 
horizon. 
 
As for the last barrier (WWR), 
Hopkinson [45] conducted a research to 
examine the relation between window sizes 
and view. Results showed that windows 
width had more impact on view rather than 
the height. Wider windows were preferred 
for views of near objects while narrower 
windows were preferred for distant objects. 
Keighley [46] found 10% window wall ratio 
and less were extremely unsatisfactory, 
while satisfaction starts with 20% and more. 

Therefor as long as the window ratio 
exceeds 20%, it would not be considered as 
a barrier. Window shading device provide a 
view directly proportional with the 
percentage of perforation and angle of any 
screen or slates. 
 
The visual performance of the window 
design should be well considered when 
designing the  façade. However, 
further researches needed to be conducted in 
order to quantify the relation between view 
and different variables of surroundings in 
addition to the amount of view through 
several visual studies.  
 
3.5. Privacy 
 
An important feature that any designed 
window should provide is privacy, which 
presents a socio-cultural need for the 
communities in the region [47, 48]. 
However; to achieve privacy will always 
conflict with achieving better views for the 
known standard shading devices. As a new 
contribution in the evaluation of window 
designs, privacy percentage will be 
considered. Generally all shading devices 
will provide a certain percentage of privacy.  
 
Solar Screens are external fixed perforated 
panels [49] that were one of the most 
common types of shadings used in the 
Middle Eastern buildings throughout history. 
It permits daylight while controlling excess 
solar radiation in addition to providing high 
percentage of privacy. Sherif [28] have 
conducted separate researches to assess the 
perforation percentage, depth, and rotational 
angle aiming to achieve optimized panels 
that achieve better illuminance, visual 
comfort and less energy consumption. Still, 
the authors did not include the visual studies 
during optimization which can lead to 
disqualify the results at the end since it 

Figure 1: conceptual view differences according 
to urban context  
        (a)                   (b)                    (c) 
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resembles an important function of the solar 
screens. 
 
There are two purposes of including the 
privacy assessment in the Egyptian 
daylighting dashboard. First, according to 
the occupants in this region, achieving 
privacy resembles a priority rather than 
providing natural light. An early assessment 
of this criterion is important in order to 
provide wider choices of window designs 
that achieve multi-advantages. Second, it 
affirms the importance to conduct further 
studies and quantify proportions and 
dimension for screens, shading devices and 
glazing that achieves optimum privacy ratios 
with better visual and daylighting 
performance. 
 
3.5.1. Criterion 
Based on the used metrics in the visual 
assessment, the metrics for the privacy is 
developed. Surrounding buildings and street 
passengers resembles barriers to achieve 
higher percentage of privacy. According to 
the Egyptian unified construction law [19] 
the minimum street width for an urbanized 
neighborhood is 10 meters. Accordingly, the 
minimum street width resembles the 
minimum percentage to achieve privacy. 
Gradually as long as the street gets wider, 
the barrier to achieve privacy reduced. 
Window ratio and distance between blinds 
and tilt angle in the shading device increases 
the privacy. 
 
In order to quantify the privacy achieved, the 
designer has to consider the surrounding 
condition first then the suitable shading 
device with suitable parameters. Since in 
most cases privacy and view are in conflict, 
the dashboard gives basic assessment to be 
clear for designer when taking decision for 
the best shading devices. 
 

 

 

 

4. Discussion and Conclusion 

It is clearly obvious that designing a good 
façade is not and it is not merely about 
creating only a good daylighting or an 
artistic design. It is a complex task that 
integrates more than one criterion to improve 
the overall performance of the building 
through window designs and treatments. In 
this study, a brief review was done over the 
available metrics regarding daylighting and 
visual comfort, in addition to some rule of 
thumbs, which need further researches, in 
order to assess the View and privacy factors 
that have a direct relation to the occupancy 
needs and their cultural background, 
specifically for Egypt. 
 
The Five goals are presented visually in one 
dashboard that is divided into three stages 
with three different colors for each stage. 
The red color presents the least or the most 
unwanted target for each one of the goals. 
For the Daylight Autonomy it is the 
percentage between 0 - 29% of the floor 
area. For Daylight Glare Probability it 
presents the intolerable or disturbing glare 
with value 40% and more. For the Energy it 
resembles the consumption that is 
71kWh/m2 or exceeds. Finally it is the 

Figure 2: conceptual assessment criteria to 
define the percentage of privacy 
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amount of 34% or less that is achieved 
regarding the View and Privacy.  
 
The yellow color resembles an intermediate 
level of efficiency. For the Daylight 
Autonomy it is the percentage between 30 - 
69% of the floor area. For Daylight Glare 
Probability it presents the perceptible glare 
with value lies between 40  35%. For the 
Energy it resembles the consumption that 
lies between 70 - 31kWh/m2. For View and 
Privacy it is between 35  70% achieved.  
 
Lastly the blue color resembles the most 
wanted results or the optimum values that 
can be achieved with the proposed design. 
For the Daylight Autonomy it is the 
percentage lies over 70%. For Daylight 
Glare Probability it presents the intolerable 
or disturbing glare with value 35% and less. 
For the Energy it resembles the consumption 
that is less than 30kWh/m2. For View and 

Privacy it is the percentage more than 70% 
that can be achieved.   
 
By using this dashboard, it helps the 
designers and architects to assess more 
precisely the effect of the different window 
designs. The dashboard is the first of its kind 
to integrate the privacy parameter, which 
reflects a cultural need. It is highly 
recommended to extend and enhance the 
usage of this dashboard by conducting 
further visual researches in order to quantify 
the View and Privacy goals.  
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Abstract: Primary energy has grown by 49% worldwide in the last two decades. The residential building stock 
in Germany accounts for about one third of the total energy demand of the country. About 90% of this building 
stock is existing and not consistent with current standards in the context of the German Energy Saving 
Ordinance (EnEV) 2009. Consequently, refurbishment of the existing residential buildings supports significant 
opportunities to improve their energy performance. However, most refurbishment measures in Germany are 
limited to windows replacement and roof and upper floor(s) insulation. This paper investigates an integrative 
approach for thermal refurbishment measures of the whole building envelope and heating system in terms of 
three scenarios to two case study buildings: timber frame and modern buildings in Wolfhagen, Germany. Thus, 
the s  The 
results show a great potential for saving heating energy demand by 
about 48%, 41%, 45% and 46%, 44% in each scenario for the timber frame building and modern buildings 
respectively in comparison to the previously estimated baseline values. A small difference in heating demand 
savings between the scenarios of each building is noticed. Hence, it can be interpreted that the basement ceiling 
is not a refurbishment priority while the façade has to be taken into account for refurbishment. Other 
considerations affecting primary and heating demands have to be studied while not all refurbishment scenarios 
possibilities are worked out in this paper. 
 
 
Keywords: Energy Demand, Existing Residential Buildings, Refurbishment, Integrative, Scenarios 

Nomenclature 
AN      Transmitting surface area ................. m2 

EnEV   German Energy Saving Ordinance ........  
ep     Ratio of expenditure...............................  
HT      Transmission heat loss 2K) 
IEA      International energy agency  
Ql                             

Qh     heating demand.......................................  
Qp   Annual primary energy demand ...............  
U-value Heat transfer coefficient .......................   
 Thermal conductivity ....................... W/mK 

 
1.     Introduction 
Primary energy has grown by 49% 
worldwide in the last two decades(1984-
2004) with an average annual increase of 
2% [1]. The global contribution of energy 
consumption from buildings, both 
residential and commercial has raised and 
accounts for 20-40% of the total final 
energy consumption in developed countries. 
The domestic building stock in Germany is 
responsible for about one third of the total 

final energy demand of the country. The 
majority of this energy demand is dedicated 
to space heating (71%) and hot water (12%) 
[2]. About 90% of this building stock, 
which was constructed before 1990, is not 
consistent with current energy efficiency 
standards for existing buildings in the 
context of the German Energy Saving 
Ordinance (EnEV) 2009. This applies as far 
as the building envelope and heating system 
are concerned [3]. Hence, existing buildings 
require currently on average three times the 
amount of energy for heating as new 
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buildings [4]. The German federal 
government based on this situation has set 
ambitious targets for the building sector 
through the German energy ordinance 
EnEV(2009). The targets with a base year 
2008 are the reduction of the heating 
demand by 20% by year 2020 and saving 
the primary energy by 80% by 2050. 
Refurbishment of existing residential 
buildings supports significant opportunities 
to improve the energy performance of the 
building sector and provides considerable 
potential for energy consumption reduction 
[5]. However, a low percentage of these 
aging building are refurbished and most 
measures carried out are confined to only 
windows replacement and roof and upper 
floor(s) insulation. Refurbishment measures 
to the building façade or cellar occur only 
in about 20% of the cases [6].  
This thesis investigates an integrative 
approach for thermal refurbishment 
measures of the building envelope and 

based on refurbishment scenarios variety of 
the different building envelope component 
combinations (i.e., façade, floor, roof...etc), 
thermal insulation thicknesses in addition to 
the heating system refurbishment. The 
study is concerned with the building 
envelope as they are considered the most 
influential on the heating demand [7]. It is 
based on two detached single family house 
case study buildings: timber frame and 
modern buildings in a rural housing stock in 
Wolfhagen, Germany.  
The study aims at increasing the 
refurbishment effectiveness through 
presenting different integrative 
refurbishment strategies for various 
solutions. It seeks refurbishment for the 
whole building envelope including façade 
and cellar that have been oversight a long 
with the heating system. The refurbishment 
targets to achieve heat losses reduction and 
efficient heating system, by so heating and 
primary energy savings can be reached out 
of each refurbishment scenario. Therefore, 

in the overall energy balance of a building, 
a low efficient thermal insulation or 
window glazing with an efficient heating 
system is to compensate and vice versa. 

 
2.      Methodology 

  2.1 German Energy Saving 
Ordinance (EnEV 2009) Regulations 

The Energy Saving Ordinance (EnEV2009) 
is part of the German economic 
administrative law. It stipulates minimum 
energy requirements for heated buildings 
where this study is done according to [8]. 
With regards to residential buildings, they 
are heated to normal indoor temperatures at 
least 19 ° C for more than four months a 
year including their heating and hot water 
serving systems[9]. EnEV(2009) 

energy balance including heat losses and 
gains. Figure 1 shows the definition of 
primary energy and final energy demands 
for space heating, hot water services and 
ventilation (final energy). The energy 
demand for cooling and lighting is not 
included in this approach.  

 
Figure 1: Building energy balance principle, 
primary and final energy distinction [10] 
 

       2.2 Balance Method as this study 
criteria  

The balance method according to 
EnEV(2009) requires the maximum value 
of the specific annual primary energy 

 of the whole building not to 

Page 130 / 522



Building Simulation Cairo 2013 - Towards Sustainable & Green Built Environment, Cairo, June 23rd - 24th 
Topic name: Energy in Buildings 

 

 

exceed that of 
reference building is an assumed new 
building of the same geometry and 
dimensions and specified properties. For 
detached residential single-family house 
buildings with transmitting surface area AN 

 related to 

AN is 0.40 W/(m2K). However, for existing 
buildings these values may not exceed 
added 40% Over-limits than the reference 
building [11], [12].  

         2.3 Refurbishment Measures Group 
Scenarios 
The proposed study framework is done 
using a quantitative approach. The study 
examines different scenarios for 
refurbishment measures of selected 
combined groups of each of the building 
envelope components and heating system 
for each case study building. Refurbishment 
group scenarios are compared according to 
the specific annual primary energy demand 

study buildings. In each scenario study, a 
number of building components are 
constants with their constant values while 
the other components are variables with 
varying values. Therefore, the effect on the 
total primary energy demand of changing 

components in each scenario is recorded 

values in the other scenarios when changed 
alternately. Scenario one in each case study 
building examines the effect of an overall 
refurbishment of all buildings components 
and the heating system on Qh  . 
Scenario two in both buildings examines 
the effect of refurbishing the façade of the 
building envelope (solid and void parts) and 
the heating system. Scenario three in the 
timber frame study building examines the 
effect of refurbishing the building façade, 
the upper floor ceiling and the heating 
system. 

 

         2.4   Case Studies 
The case study buildings are selected so 
that each one represents a certain period 
when it was built and within different 
contexts. Each building was built in a 
certain time era where architecture, 
building materials, construction structure, 
and energy standards are varying. Thus, 
enriches the contrast between the two 
buildings and introduces each of them as a 
case study divergent from one another. The 
timber frame building is considered as a 
historical building which was built with low 
technology such as wood and straw clay 
and natural materials while the modern 
building was built with higher technology 
using concrete and steel. The modern 

architecture style so that it is characterized 
by simple forms and linearity. Early 
modern architecture started at the beginning 
of the 20th century, using more advanced 
technology than the periods before [13]. 
The refurbishment approach is held 
differently for each of the buildings on a 
basis of comparison. 
 
3.        Results 
The study is based on refurbishment 
scenarios to achieve heating and primary 
energy savings for the two case study 
buildings, timber frame and modern 
buildings. These scenarios are composed of 
different combinations of building 
components in addition to the heating 
system. At first, the baseline values of the 
energy status of each of the case study 
buildings i.e., U-values, thermal losses and 
gains, specific annual heating demand and 
specific annual primary energy demand are 
determined. Different approaches for 
refurbishment were held to each case study 
building where the approach depends on the 
building materials, typology, historical and 
aesthetic value...etc. A comparison between 
different refurbishment scenarios for each 
building is carried out with an analytical 
overview. At the end a total overall 
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comparison of all refurbishment scenarios 
of both case study buildings is undertaken 
with alternating the heating energy demand 
outcomes of each. 
The three proposed refurbishment scenarios 
are alternated to each other with the current 
status to compare the outcomes of each 
scenario. The scenarios are compared in 
terms of U-values, HT, energy balance 
shares of refurbished building components 
in every scenario. HT h

compared in the scenarios with respect to 
the current status in order to detect 
transmission heat loss reduction and heating 
and primary energy savings in each 
scenario accordingly.  

       3.1   Windows replacement 
Light refurbishment of the timber frame 

orientation, proportion and surface area are 
kept as they are in all scenarios [14]. 
Windows replaced by more energy 
effective windows than the existing ones. 
These windows are coated with silver and 
Argon in filling to decrease heat losses 
(Table 1). 
 
Table 1: Windows pre and post-refurbishment 

 

        3.2   Heating system refurbishment 
The system is used for a building with 
transmitting surface area AN less than 500 
m2. For the domestic water heating system, 
the production of hot water is through the 
central condensing boiler and the solar flat 
collector. Ratio of expenditure ep 
(primarily energy-related) equals to 1.06. 
The distribution is inside the heated 
building envelope and it is without 

circulation. It has storage which is located 
inside the heated building envelope. The 
hot water production for the space heating 
system is through the condensing boiler 
with input and output temperatures: 

building envelope. The ventilation is based 
on natural ventilation (Table 2). 

Table 2: Heating systems pre and post-
refurbishment 

 

       3.3   U-values reduction 
For the timber frame building, component 

U-values are the least in scenario 
three=0.17 W/m2K. This is due to the 
further reduction of the U-values of 
external walls in this scenario to fit into the 
EnEV(2009) criteria. Component three: 

-value is the same in 
scenario one and two=0.43 W/m2K where it 
is refurbished in both scenarios. Component 

-wooden beam U-
values are the least in scenario one=0.44 
W/m2K. Component five: Basement 

massive U-values are the least in 
scenario one=0.38 W/m2K. Component six: 

-value is the least in 
scenario one=0.44 W/m2K (Figure 2). 
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Figure 2: U-values in current status and three 
refurbishment scenarios of timber frame 
building 
 
For the modern building, it can be 
illustrated that the U-values of external 
walls: Wall 36.5(1), Wall 36.5(2), Wall 
36.5(3), niche wall, and Wall (11.5) are the 
least in scenario two since they have 
decreased dramatically than current status 

-values are 
reduced in scenario one where they are 
refurbished ( Figure 3).  

 

Figure 3: U-values in current status and three 
refurbishment scenarios of modern building 
 

 
Figure 4: HT

refurbishment scenarios of the two case study 
buildings 
 
HT

refurbishment scenarios of each of the 
timber frame building and the modern 
building are presented in terms of 
comparison. It is illustrated that the HT

values of the modern building in the current 
status and scenarios are generally lower 
than the timber frame building. HT

modern building in current status==0.78 
W/(m2K) is less by that of timber frame 
building=0.93 W/(m2K)  by 16% while in 
scenario one is less by 13% and in scenario 
two is less by 10% (Error! Reference 
source not found.). This returns back to the 
total sum of the surface areas where heat 
transmission flows where in the case of 
timber frame building A=561.75 m2 is 
smaller than in the case of modern building 
A=714.83 m2 while HT T/A. 
 On the other hand, HT values of the timber 
frame building in the current status and 
scenarios are generally lower than that of 
the modern building (Figure 4). In the 
current status, HT of the timber frame 
building=522.1 W/K is less than that of the 
modern building=557.34 W/K. This is due 
to the relatively lower U-values of modern 
building in the current status than that of 
the timber frame building and to also bigger 
transmission and thermal bridges flow 
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surface areas of the modern building in 
relation to its external volume Ve as in the 
equation: 
HT [W/K] = i * Ai * Fxi TB * A)  
 

As Ui is Heat Transfer coefficient, Ai area, 
Fxi is Temperature-correction Factor and 
UTB  is thermal bridges correction.  

Thus, HT

heat loss surface to the heated volume of 
the building. 
 

 

Figure 5: Qh  of current status and 
refurbishment scenarios of the two case study 
buildings 
 

The specific annual heat losses Ql

gains Qg

current status=210.5 kWh/(m2a) and 69 
kWh/(m2a) respectively are higher than that 
of the timber frame building in the current 
status=222.4 kWh/(m2a) and 60.1 
kWh/(m2a) respectively. Ql g

modern building remain higher as well in 
the refurbishment scenarios than of the 
timber frame building. According to the 
previous energy balance analysis: Heat 
losses and gains of the two case study 
buildings, the specific annual heating 

demand of each building in the current 
status and refurbishment scenarios can be 
compared (Figure 5). 

The values of the specific annual heating 
demand of the timber frame building in 
each of the current status and refurbishment 
scenarios are lower than that of the modern 
building when balancing the heat losses and 
gains of the buildings in the different cases. 
Hence, the refurbished heating system 
selected and ep are constant in all 
refurbishment scenarios of the two case 
study buildings. It is illustrated that the 
difference gap in specific annual heat losses 

Ql g

between the modern building and the 
timber frame building is the biggest in the 
current status. In the second scenario of 

l g

the two buildings come after and that of the 
first scenario of each building are the least. 
Accordingly, the difference gap in specific 

h

buildings is the minimum in the current 
status then the values of the second scenario 
are next and that of scenario two are the 
greatest (Error! Reference source not 
found.).  

 
1.1. Conclusions and Recommendations 
It is seen that great potentials to saving the 
specific annual primary energy have come 
up with building envelope and heating 
system refurbishment by about 50%, 48%, 
45% in each scenario for the timber frame 
building respectively and 42% and 40% in 
each scenario for the modern building 
respectively in comparison to the 
previously estimated baseline values. A 
small difference between the values of the 
heating demand post refurbishment in the 
scenarios for each building is noticed. For 
the timber frame building, the difference 
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between Qh

of refurbishing the building façade only and 
scenario one of refurbishing all building 
envelope components. The difference is 7% 
between scenario three of refurbishing all 
components except the basement ceiling. 
For the modern building, the difference 
between Qh

of refurbishing the building façade only and 
scenario one of refurbishing all building 
envelope components. Therefore, it can be 
recommended that the basement ceiling is 
not a refurbishment priority due to the small 
difference of the specific annual heating 
demand values. On the other hand, the 
façade has to put in to priority in 
refurbishment. The optimization of other 
factors affecting the heating demand. 
Transmission heat losses reduction HT is the 
main scope of this study. However, heat 
losses reduction and the increase of heat 
gains of the building should be taken in to 
consideration in future work, i.e. thermal 
bridges, ventilation heat losses, Etc. as in 
the equation: 

Qh   =  Ql -  Qs,o  -  M  *  (Qs,t  +  Qi)   

Where Qh is the heating demand, Ql is the 
heat loss, Qs,o is the solar heat gain through 
transparent components, M is the 
utilization factor, Qs,t  is the solar heat gain 
through opaque components and Qi is the 
internal heat gains.  

Ql=QT+Qv 

Where QT is the transmission heat loss and 
Qv is the ventilation heat loss. 

It is recommended that a wood pellet 
heating system of low ratio of expenditure 
to be installed as heating system 
refurbishment. Hence, the specific annual 
primary energy demand will be decreased. 

 

Limitations and future work 
The study does not provide as well 
calculations for all possible cases and 
combinations. On the other hand, this is not 

 it only gives 
examples out of the case study buildings for 
integrative refurbishment strategy and it is 
understandable that each project is unique. 
Economics study of these scenarios is 
significant. It is recommended in future 
work to be accompanied with the technical 
approach held by this study. Thus, the 
building stake holder is able to evaluate the 
real application of which scenario. 
 
 
 
 
References 

[1] L. Pérez-Lombard, J. Ortiz, and C. 
uildings energy 

Energy 
and Buildings, vol. 40, no. 3, pp. 
394 398, Jan. 2008. 

[2] BMWi (BUNDESMINISTERIUM 
FÜR WIRTSCHAFT UND 

- 
nationale und internationale 

2012. 

[3] Destatis(Das Statistische Bundesamt 

- Zusatzerhebung 2006, Bestand und 
Struktur der Wohneinheiten, 

[Online]. Available: 
http://www.destatis.de/jetspeed/porta
l/cms/Sites/destatis/Internet/DE/Cont
ent/Publikationen/Fachveroeffentlich
ungen/BauenWohnen/. [Accessed: 
15-May-2011]. 

[4] Dena(German energy agency), 

 

Page 135 / 522

http://www.destatis.de/jetspeed/porta


Building Simulation Cairo 2013 - Towards Sustainable & Green Built Environment, Cairo, June 23rd - 24th 
Topic name: Energy in Buildings 

 

 

[5] M. R. Gaterell and M. E. McEvoy, 

uncertainties on the performance of 
energy efficiency measures applied 

Energy and Buildings, 
pp. 982 995, 2005. 

[6] Destatis(Das Statistische Bundesamt 

Bestand an Wohnungen und 
Wohngebäuden, Abgang von 
Wohnungen und 
WohngebäudenLange Reihen ab 
1969  
Available: 
http://www.destatis.de/jetspeed/porta
l/cms/Sites/destatis/Internet/DE/Cont
ent/Publikationen/Fachveroeffentlich
ungen/BauenWohnen/. [Accessed: 
15-May-2011]. 

[7] R. McMullan, Environmental 
Science in Building. Palgrave, 2002. 

[8] -
Available: http://www.zukunft-
haus.info/index.php?id=11883&up=
1&cHash=9c4269a35f). [Accessed: 
25-Jan-2013]. 

[9] K. Bold, E. Parliament, C. Directive, 

stipulations of the Federal Council of 
Germany ( Bundesrat ), approved by 
the Federal Government on March 
18 , 2009 ) Regulation amending the 
German Energy Saving Ordinance 
on the basis of section 1 paragraph 2 

2009. 

[10] K. Höttges, A. Maas, and G. Hauser, 

Regulation - 
Kassel, Germany. 

[11] -im-
[Online]. Available: 
http://www.gesetze-im-

internet.de/eneg/BJNR018730976.ht
ml. [Accessed: 25-Jan-2013]. 

[12] 
[Online]. Available: 
http://de.wikipedia.org/wiki/Energiee
insparverordnung#cite_note-1  . 
[Accessed: 25-Jan-2013]. 

[13] GROWTH, EFFICIENCY, AND 
MODERNISM. 2003, pp. 14 15. 

[14]  
SHC Task 37 Advanced Housing 
Renovation with Solar & 

DE LUWOGE Ludwigshafen am 
 

 

Page 136 / 522

http://www.destatis.de/jetspeed/porta
http://www.zukunft
http://www.gesetze-im
http://de.wikipedia.org/wiki/Energiee


Building Simulation Cairo 2013 - Towards Sustainable & Green Built Environment, Cairo, June 23rd - 24th 
Topic name: Energy in Buildings 

 

 

Towards the Development of Energy Efficient Compact House: The Solar 
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Abstract: This paper discuss the envelope energy performance during the development stage for a Solar 
Decathlon prototype SLIDE-S (Sustainable Livable Individually-customized Design) scheduled for exhibition in 
China 2013. SLIDE-S is a 72 m2 residential house. It runs on solar energy during the day and the final energy 

Mashrabiya ttern of stones, the main 
features of the house are the Voronoi pattern which composes the structure and screen and the movable double 

matchbox
sliding configuration in which part of the screen moves out in order to allow direct light into the house as well as 
enlarge the space covered by the house. The aim of this paper is to investigate the above-mentioned strategies 
and through a series of simulation experiments, investigate how effective they are to deliver a zero-energy house. 
Using simulation tools, design recommendations are proposed to enhance the thermal performance of the skin 
and as a result, the overall design of the house. 
Keywords: Solar decathalon, Envelope Design, Simulation Tools 

1. Introduction 
The U.S. Department of Energy Solar 

Decathlon (SD) is an award-winning 
program that challenges collegiate teams to 
design, build and operate solar-powered 
houses that are cost-effective, energy-
efficient and attractive. The resulting homes 
demonstrate to students, the public and 
industry, that solar-powered houses are 
fully functional, comfortable and 
sustainable living spaces. SD aims to 
promote collaboration in the solar industry 
and to facilitate innovation and adoption of 
solar energy and energy-efficiency 
technologies  The competition started 
2002 on a biannual base; it was offered by 
the U.S. Department of Energy and 
organized by the National Renewable 
Energy Laboratory (NREL).  A European 
and Chinese versions were launched 2007 
and 2011 respectively.  Around Twenty 
universities from around the world are to be 
selected to design, build and operate an 
energy efficient house. The only source of 
power allowed is the sun while reducing the 
energy consumed is a secondary aim.  The 
winning team is the one who scored the 
most points in ten contests. [1]. SLIDE-S 
(Sustainable Livable Individually-

customized Design) is a residential 
prototype designed for a temperate and hot-
arid weather zones. The emphasis in the 
design of this prototype is energy 
consumption and this paper is focused on 
the envelope testing with respect to three 
wall systems; solid mass  walls, air gap 
cavity walls and insulation thermal 

barrier .  
 
Wall systems receive large amounts of solar 
radiation. In order to reach the desired 
thermal comfort conditions walls heat 
storage capacity and heat conduction 
property are a key factor. Different wall 
properties; thickness, material, and finishes, 
can be chosen based on the heating and 
cooling energy requirements and have 
significant effect. Searching for the proper 
thermal insulation and air cavities in walls 
to reduce heat infiltration into the building 
is a primary aim for researchers especially 
in hot regions. Panyu Zhu et al.[2] studied 
changing thickness and material of 
insulation layers in a direct way to improve 
the heat transfer coefficient of external 
wall. The study created a formula which 
was used to calculate the optimum 
thickness of thermal insulation layer for 
external wall for five different cities in 
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China representing different climatic 
conditions. Result showed that, there is 
great potential of external wall in each 
climate zone to reduce heating and cooling 
demand by increasing the thickness of 
insulation layer and using better material. 
The average yearly cost reduced reached up 
to 52% in Shanghai by increasing the 
thickness of EPS from the required value to 
the optimum value. 
 
As for hot arid environments such as the 
city of Riyadh, Saudi Arabia, Sami Al-
Sanea and M. Zedan [3] studied 
numerically with optimized insulation 
thickness of the dynamic thermal 
characteristics of insulated building walls 
with same thermal mass. The insulations 
explored the effect of using one, two and 
three layers of insulation, the locations of 
which are varied in order to achieve the 
best performance. About 20% decrease in 
both peak cooling and heating transmission 
loads were achieved. Another paper in the 
same weather zone focused on the 
evaluation of building envelopes in 
Dhahran and Riyadh in Saudi Arabia which 
are both extremely hot climates. This is 
mainly in response to the high energy 
consumption of residential building caused 
by poor envelope performance. Saleh et al. 
investigated the residential envelop design 
for hot climates, Dhahran and Riyadh, 
Saudi Arabia. A combination of 4 roof 
types and 5 different walls created 8 
different envelop designs. They were tested 
using VisualDOE 4.1 and insulation 
achieved 20% reduction in energy in 
comparison to the International Energy 
Conservation Code proposed design. 
Results were compared with building codes 
in both Riyadh and Dhahran[4]. 
 
In the Tunisian climate, both heating in 
winter and cooling in summer are required 
to reach comfort levels. In a study done by 
Naouel Daouas, searching for optimum 
insulation thickness, energy saving and 
payback period are calculated for a typical 
wall structure based on both cooling and 

heating loads. The results of a life-cycle 
cost analysis over a building lifetime of 30 
years showed that up to 70% of energy 
savings and a payback period of 3.29 years 
for the south facing wall can be 
achieved[5].  
 
The sliding wall system proposed matches 
the characteristics of a double skin façade. 
A number of studies recommended few 
treatments to minimize heat gain. A paper 
focused on the development of a universal 
lumped model to predict the performance of 
naturally-ventilated double skin facades, 
dealing with the current limitations of 
existing lumped models. The model is 
tested with an existing double skin façade 
in Beijing and it is found to generate a 
maximum error of approximately 25%. The 
paper recommended that heat gain can be 
reduced by placing cavity shading closer to 
inside glazing[6]. A similar paper focused 
on the Mediterranean weather zone 
researched a double-skin facade to see how 
the cavity width and depth affected specific 
cooling and heating loads in two typologies 
in Barcelona. Cavity widths were 40, 60, 80 
and 100 cm; three different opening areas 
for ventilating cavities were experimented 
with and the typologies were a corridor and 
a multi-storey facade. Simulation was 
carried out with TAS software and the 
building had a square floor plan; oriented 
along the four main solar orientations. All 
walls were opaque except for the South 
which was double-glazed[7].  
 
On the impact of insulation and thermal 
mass, a number of studies recommended 
the envelope system and methods of 
assessment. A study related to the context 
of the Australian building code and is 
focused on the effect of thermal mass on 
the energy load of a building was 
published. It proposed a new Mass 
Enhanced R-value that can be used to 
demonstrate code compliance. This is used 
to carry out tests on a BESTEST type 
model of a concrete sandwich panel wall so 
that its mass effect can be accounted for[8]. 
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The influence of thermal mass was 
evaluated in a study that dealt with the 
effect of thermal mass on interior 
conditions considering three different 
buildings built primarily with timber, steel 
or concrete. Each was tested with two 
thermal envelopes, one meeting the 
minimum requirements of the New Zealand 
building code and one meeting industry 

c
the effect of thermal mass on HVAC 
systems over the life cycle of the building. 
Virtual Environment was used for 
simulations.  Results indicated that thermal 
mass had relatively no impact on 
operational energy consumption in that 
climate but superior insulation required 
higher thermal mass to avoid a sudden 
energy increase indoors[9]. Finally, on the 
issue of assessment in warm environments, 
a study researched the effect of a cavity 
wall on the Sol-air temperature of the 
exterior wall and its effectiveness as a 
shading device. This was done through 
direct monitoring of the South-facing cavity 
walls on a house in a housing development 
in South Arizona. Site climate, building 
surface and air moisture and temperature 
were recorded, their accuracy was verified 
and the effectiveness of the cavity wall in 
both instances was proven. Energy-10 was 
used to estimate the effect of the cavity wall 
on the energy consumption of the 
house[10]. 
 
2. Objective  
This research aims to quantify and evaluate 
the effect of building envelope wall systems 
and materials on the energy consumption in 
air-conditioned compact residential units 
located in Egypt different environments 
taking in account heating, cooling, plug 
loads and lighting fixtures. 
 
3. The Egyptian solar decathlon house: 

The Base Case 
The base case was chosen to be the first 
Egyptian solar decathlon house. The solar 
decathlon is an international competition.  

3.1. Base case design features 
The Egyptian solar decathlon house design 
"SLIDE-S" is a project built upon the idea 
of a sustainable self-adjusting unit  The 
aim of this design becomes providing for 
the needs of sustainability while 
maintaining a low level of energy 
consumption via traditional passive 
techniques. A tchbox  sliding 
configuration offers flexibility and provides 
shading and enclosure options for the 
house. This creates the basis of interactive 
user friendly responsive design. SLIDE-S 
aims to revive history while preserving 
Egyptian culture by presenting it in a 
contemporary form (Fig.1).  

 
Figure 1 Exterior of the base-case (Slides house) 

 
The design was meant to be as simple as 
possible. The form generated is as compact 
as possible. A rectangular form with allows 
for minimized external surface area which 
means minimum solar exposure. The house 
operates under a slidin match box  
configuration. This is achieved via a 
perforated skin composed of a lighter 
material taking the form of a three sided 
screen that fits into the geometry of the 
house. This aims to optimize façade 
requirements as shading can be directly 
controlled by the user. During winter 
months, the shed  like  structure is  slid  into  
its  open  configuration so  as  to  maximize  
solar  gain through the southern glass 
façade. During summer, the shed is closed 
creating an additional skin layer that 
minimizes heat gain and shades the house 
allowing it to maintain a more comfortable 
interior environment. This flexibility in 
design allows for different levels of 
response to various climate fluctuations 
yielding optimization (Fig.2). 
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Figure 2 Open "matchbox" Configuration & closed 

"matchbox" Configuration 
The interior space is divided into three main 
zones-a private, public and semi-public. 
The bedroom and work space zone is 
elevated in order to achieve wider view 
angles into the house and divide it from the 
rest of the house. Having the natural 
lighting controlled by means of light 
screen Mashrabia  reinforced in the 
matchbox structure also reflects the oriental 
architecture presented in a contemporary 
form (Fig.3). The contemporary form is 
generated using a Voronoi pattern using 
parametric design tools[11, 12].  

 
Figure 3Traditional Screen (Mashrabia) &                            

Proposed contemporary Screen 
 
The market idea of the house is that clients 
are able to customize their individual house 
on a special website, according to size, 
spaces, materials, outfit and parallel always 
aware of the total costs. This idea is already 
realized on websites of different car 
manufacturers. By entering the location of 
the client, the parametric model should 
automatically produce an optimized design 
according to the local climatic conditions of 
the client. Therefore the following paper 
investigates different envelopes in different 
locations.  

 
Figure 4 parametric Grasshopper model of the 

structure and the screen 
The envelope of the house is divided by a 
Delaunay Triangulation and a Voronoi 
Diagram is generated (Fig.4), which is the 
base for the skeleton of the house and the 
divisions of the facade. The Voronoi-
skeleton and the façade openings, located 
between the panels, are optimized by 
Genetic Algorithms. The skeleton in a 
structural way, sound statics with minimum 
weight and the façade screen energetically, 
what means that the solar impact in the 
summer is minimized by maintaining a 
maximum view from inside to outside at the 
same time.  
 
The design also implements a passive 
heating and cooling system using solar 
screens, as well as having the flooring of 
the house act as a thermal mass. Low levels 
of energy consumptions are maintained by 
selecting energy efficient appliances and 
lighting systems, and depending greatly on 
natural lighting during the day, while to 
minimize the water consumption, water 
recycling is applied using a grey water 
system by which recycled water is used in 
irrigation purposes around the house.  
 
3.2. Base case design parameters 
The House is mainly divided into two zones 
divided by a semi private circulation and 
service space that connects the North and 
South Fades. The inclined entrance, 
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Magaz
provides privacy to the users of the house. 
The kitchen counter is located in the heart 
of the house acting as a hot spot that emits 
heat to other branches of the house. It also, 
shapes the circulation of the house. The 
bedroom is located on the Eastern façade, 
allowing for more privacy to the user since 
openings are limited. It is elevated at a 
height of 0.6m granting the space a higher 
sense of enclosure.   This elevation also 
allows for greater view angles into the 
house.   The bathroom is conveniently 
located within the same area as both the 
bedroom and the more public zone as well. 
The living space is located on the Western 
Façade so that when the shed structure is 
extended, an outdoor semi- enclosed area is 
created so as to form a seamless integration 
between the interior and exterior 
environment (Figure ). This configuration 
also allows Southern Sun exposure in order 
to heat and illuminate the room, while still 
maintaining privacy. 

 

Figure 5 SLIDE-S plan. 
 
3.3. Electrical loads 
The electrical loads assigned to the house 
are the essential one to sustain a 
comfortable life. Also the solar decathlon 
competition has an appliances contest 

which is designed to mimic the appliance 
use of an average home. Points are earned 
for refrigerating and freezing food, washing 
and drying laundry, and running the 
dishwasher, performing all the daily life 
house activities. Accordingly to the list of 
the appliances used, the average monthly 
loads installed are shown below in Error! 
Reference source not found.. As for the 
lighting loads, an amount of 10w/m2 is 
assigned to the house. Three lighting 
control sensors are placed, the first on the 
kitchen counter, the second at the bedroom 
study desk and the third by the living couch 
with a 200 lux minimum setting at 1 m 
height.   

Table 1 Appliances loads used by the SLIDE-S 
house.  

Appliance Average 
Monthly 
kWh 

Yearly 
Average 
Load (kW) 

Clothes Dryer-
Electric  

36 432 

Washer  29.4 352.8 
Dishwasher  7.2 86.4 
Hood  22 264 
Oven  18 216 
Cooktop  60 720 
Refrigerator  33.12 397.44 

 9.2 110.4 
Laptop  4 48 
DVD  3 36 
Water Pumps  22.35 268.2 
Control System  20 240 
Sum  384.51 6927.750087 

 
4. Methodology 
Analysis was performed for the building 
envelope. The effect of the wall type was 
addressed by comparing the energy 
consumption of different cross section was 
calculated and compared accordingly. The 
effect of wall thickness was analyzed by 
comparing the energy consumption of each 
one. The first step taken in the energy 
analysis was to calculate the thermal load of 
the base-case design. The thermal load of 
the house is measured by the amount of 
necessary power consumed while running 
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the heating and cooling equipment to meet 
indoor comfort levels. The energy loads 
results assisted in selecting the necessary 
materials for wall insulation.  
The aim is to calculate the energy 
consumption in terms of cooling, heating, 
lighting and equipment loads. The 
EnergyPlus (v7.2) software was used for 
energy simulation. The cases were modeled 
within Rhinoceros using Diva-for-Rhino 
interfacing Energy Plus software.  
 
5. Parameters 
Energy simulation was performed for five 
different cities: Alexandria, Cairo, 
Hurghada, Kharga and Luxor. They were 
classified as hot-arid desert according to 
Köppen-Geiger climate classification1. 
However, there are differences between 
these cities in regards to temperature ranges 
despite being of the same classification.  
Temperature is generally higher in Jeddah 
all year round, especially in winter time 
where it reaches about 30oC. Cairo 
temperature is generally higher than 
Alexandria, especially in summer (fig. 4). 
 
In order to evaluate the performance of the 
solar house, the construction materials of all 
surfaces were assumed as illustrated in 
(Table 2). The occupancy rate used was set 
to 10 m2/ occupant. Heating and cooling set 
points and setbacks were assumed to be 
22°C/12°C, and 24 °C/28°C respectively. 
Lighting control sensors were placed at the 
location of the lighting fixtures with a 200 
lux minimum setting at 1 m height. The 
yearly energy consumption of each case 
was calculated by measuring the summation 
of the software output monthly cooling, 
heating, lighting and equipment 
consumption values using an ideal load 
mechanical system. 

 
 
 
 
 

                                                             
1 http://koeppen-geiger.vu-wien.ac.at/ 

 
Table 2. Parameters used for the Base case 

simulation. 
Space Parameters 

Floor level Zero level 
Dimensions (m) 5.20 * 13.20  * 4.50 

Construction 
Material 

Plaster and paint (2.5cm) 
Double Brick Wall (25 cm)  

U-value (W/m2-
K) 0.319 

Construction 
Material Reinforced concrete with R-15 

U-value (W/m2-
K) 0.319 

Construction 
Material Concrete slab with R -14.6 

U-value (W/m2-
K) 0.319 

Glazing Parameters 
Orientation North South East West Roof 
Window to Wall 
Ratio (WWR) 13.4% 60% 3.8% 85% 33.2% 

Area (m2) 8 36 0.9 18.4 22.8 
Thermal Properties Single Clear Glass 6mm 
U-value (W/m2-K) 6.121 

 
Three wall types are investigated in this 
paper. The walls are composed of a core of 
a double brick wall with a layer of plaster 
and paint in each side (2.5 cm). The 
thickness of the core layer is the main 
parameter tested. The first one is the solid 

wall starting from 25cm to 45cm 
having an interval of 5cm. The second one 
is the cavity wall type having the core layer 
with an air gap. The cavity centered layer 
start from 5cm till 20cm with 5cm 
increment. The third type is the insulated 
one has an insulation layer also starting 
from 5cm till 20cm. The tested parameters 
form twelve different wall sections 
compared with the base-case original 
simple one. 
 
6. Results 
6.1. Cairo 
Results in 'Cairo' using the insulated type 
showed significant savings starting from 
3.6% (5cm insulation layer) to 5.1% (20cm 
insulation layer). The Air-gap type had 1.6% 
for the 5cm layer reaching 3.0% for the 20cm 
one, while the solid wall type reached only 
0.9% for the 45cm core layer. (Fig.6) 
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Figure 6 Cairo annual energy consumed loads in 

kWh/m2 
6.2. Alexandria 
As for Alexandria using the insulated type 
had savings starting from 3.4% (5cm 
insulation layer) to 4.8% (20cm insulation 
layer). The Air-gap type had 1.5% for the 
5cm layer reaching 2.7% for the 20cm one, 
while the solid wall type reached only 0.7% 
for the 45cm core layer. (Fig. 7). 
 

 
Figure 7 Alexandria annual energy consumed loads 

in kWh/m2 
6.3. Kharga 
In Kharga the insulated type had savings 
starting from 3.1% (5cm insulation layer) to 
4.4% (20cm insulation layer). The Air-gap 
type had 1.3% for the 5cm layer reaching 
2.4% for the 20cm one, while the solid wall 
type reached only 0.8% for the 45cm core 
layer. (Fig.8). 

 
Figure 8 Kharga annual energy consumed loads in 

kWh/m2 
6.4. Hurghada 
Hurghada simulations the solid type had only 
0.4% (45cm core layer) savings compared to 
the base case 25cm brick wall. As for the 
insulated type, the savings started from 1.9% 
(5cm insulation layer) achieving only 2.7% 
(20cm insulation layer). The Air-gap type had 
0.8% for the 5cm layer reaching 1.5% for the 
20cm one. (Fig. 9) 
 

 
Figure 9 Hurghada annual energy consumed loads 

in kWh/m2 
6.5. Luxor 
In Luxor the solid type had 0.7% (45cm core 
layer) savings compared to the base case 
25cm brick wall. As for the insulated type, 
the savings started from 2.9% (5cm insulation 
layer) achieving only 4.1% (20cm insulation 
layer). The Air-gap type had 1.2% for the 
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5cm layer reaching 2.2% for the 20cm one. 
(Fig.10) 

 
Figure 10 Luxor annual energy consumed loads in 

kWh/m2 
 
7. Discussion and/or Conclusions 
The results mentioned above highlighted 
that the insulation is more effective in the 
five tested cities. The savings were directly 
proportional to the thickness of the 
insulation layer used. Another research will 
be needed to investigate the return back 
period versus the initial insulation cost. The 
air gap layer also showed great potential if 
compared to the solid wall type (Fig.11). 
 

 
Figure 11 Comparison of the annual energy 

consumed loads in kWh/m2 for the tested cites 
is cheaper and more effective then the solid 
wall type. For the solar decathlon Slides 

house, the cost, the weight and the 
thickness of the envelope is a major factor. 
A comparison concentrating on the 25cm 
thick wall of the three different types is 
made to identify the best option to be 
advise for the tested cities shown in Figure 
10. The air gap type showed almost half the 
savings made by the insulation type. The 
insulation in Cairo city has the biggest 
amount of savings (3.6%) followed by 
Alexandria (3.4%) and Kharga (3.1%). 
Then Luxor and Hurghada had only 2.9% 
and 1.9% savings respectively. The air gap 
wall (5cm) reduced the energy consumed in 
Cairo by 1.6% followed by Alexandria with 
1.5%, Kharga with 1.3%, Luxor 1.2% and 
at the end Hurghada did not save 0.8%. 
While the paper may carry few 
generalizations, it is recommended to carry 
further studies using detailed wall testing to 
validate the simulation results. The detailed 
wall testing can be performed using 
Standard Test Methods for Thermal 
Performance of Building Materials and 
Envelope Assemblies by Means of a Hot 
Box Apparatus (ASTM C1363). It should 
be noted that preliminary cost estimates of 
the different wall systems were studied but 
not in detail and will be further studied in 
detail in the future. In addition to cost, 
workmanship and constructability issues 
were also additional issues that were 
identified and require further studies to 
make sure the selected wall system is the 
best application given the market 
constraints. Finally, the energy simulation 
studies performed are focused on the 
envelope thermal performance only, other 
factors such as the air infiltration issues will 
need to be investigated in detail once the 
wall system and window design are 
confirmed. 
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Abstract:This paper aims to identify strengths and weaknesses of timber structures for temperate climate, 
through the comparison of thermal performances of three different construction methods. Cross laminated timber 
and new modular timber frame structures, assembled off-site, are compared with traditional brick blocks 
technologies, evaluating U values, thermal mass, indoor Operative Temperatures and Predicted Mean Vote 
values, with static and dynamic simulation softwares. The study is in relation with climatic condition of Florence 
(Italy) which has been chosen as well representative of the temperate climate. Main focus of this investigation is 
searching how the performances of three different construction technologies affects comfort levels: the 
simulations are made on a calculation model of a residential building for summer and winter typical weeks, 
without cooling and heating systems. DesignBuilder with EnergyPlus is used as simulation and visualization 
tool, based on dynamic thermal simulation engine. Results suggest that low density timber structures have an 
excellent performances in temperate climates during winter period, reducing significantly heating demands, 
while gives problems of overheating during summer period, increasing energy consumptions for cooling.
Comparing performances of new construction methods, with “traditional” massive brick blocks, allows to 
determinate heating and cooling needs for residential buildings and, therefore, how affect these solution with the 
variation of energy consumptions. The solution remain open to further development concerning the accuracy of 
simulation software and the validation of results through a post-occupancy monitoring of a residential timber-
structures study case.

Keywords: thermal comfort, low energy consumption, timber structures, dynamic simulations.

Nomenclature 
U thermal transmittance.................... W/ m2 K

thermal conductivity ...................... W/ m K
C thermal unitary Conductance ........ W/ m2 K
Ms superficial mass ................................ kg/ m2

Fa thermal decrement factor......dimensionless
P<50*10¹²   vapor  permeability..........Kg/msPa
C.S. specific heat capacity........................ J/KgK

R thermal Resistance........................... m²K/W
thermal lag ................................................h

Yie periodic thermal transmittance ..... W/ m2 K
Fa thermal decrement factor ..... dimensionless
Int areal heat capacity.......................... kJ/m²K
To operative temperature ............................ °C

1. Introduction
Buildings are responsible of 40% energy 
consumption and 36% of CO2 emissions in 
the European Union [1] 
In order to reduce energy consumptions for 
the achievement of targets Europe 2020
(Energy efficiency action plan), the EU 
have set Energy Performance Building 
Directive 2010/31/EU, introducing the 
concept of NZEB, “Nearly Zero Energy 
Buildings”, that are buildings with very 
high energy performance and very low 
energy consumption, covered largely by 
renewable sources. In Europe  there are 
several  Member State that have set specific 
policies on low energy buildings(Table 1).

Recent international agreements on 
reducing energy consumption have led to a 
series of intervention on new construction 
methods, especially on residential 
buildings.  The diffusion in EU, and during 
the last few years in Italy, of public and 
private dwellings, made with new high 
performance kind of structures, is aimed at 
the necessary reduction of energy 
consumptions and  CO2 emissions. These 
factors have led to an increased interest in 
lightweight timber structures, taking the 
technological knowledges and the
construction methods typical of the 
northern European culture.
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Nation Policies
Austria Planned: social housing subsidies only for passive buildings as of 2015
Denmark By 2020 all new buildings use 75% less energy than currently enshrined in 

code
Finland 30-40% less by 2010; passive house standards by 2015
France By 2012 all new buildings are low energy buildings, by 2020 new buildings 

are energy positive
Germany By 2020 buildings should be operating without fossil fuel
Hungary New building to be zero emission by 2020, for large investments already in 

2012
Ireland 60% less by 2010, Net zero energy buildings by 2013
Nethrlands 50% reduction by 2015, 25% reduction by 2010 both compared to current 

code plans to build energy neutral by 2020
UK England 
and Walles

44% better in 2013 (equivalent to Passivehouse level) and zero carbon as of 
2016

Sweden Total energy use/heated square metre should decrease. 20% until 2020 and 
50% until 2050, compared to 1995.

Table 1.  EU Member State policies on low energy buildings. [2]

1.1. Temperate climates and thermal 
mass effect

The traditional construction methods, with 
high thicknesses and high thermal mass, 
provide the first inspiration in terms of 
bioclimatic strategies. Optimum use of 
thermal mass may help reduce energy 
consumptions and CO2 emissions;  the 
thermal mass effect can indeed help to 
avoid overheating in buildings, reducing 
energy consumptions arise from the use of  
air-conditioning. Recent studies explored 
thermal mass effects for housing in UK 
with a view of a future global warming, 
prove with dynamic simulations that there 
is a fundamental connection between 
thermal mass and overheating, primarily in 
daytime [3-4]. As a result they prove that a 
good “passive” design of ventilation and 
shadings systems can optimize the 
performances in lightweight structures. The 
analysis of overheating for residential 
buildings with a lack of thermal mass is a 
relevant problem, especially for all that 
countries with temperate, humid and 
strongly dynamic climates that want to 
combine traditional bioclimatic strategies 
with new materials and methods. [5-10].

Italian government is actively encouraging 
innovative construction methods and off-
site construction with low thickness and 
high thermal and structural performances. 
In particular after the earthquakes of Aquila 
and Emilia Romagna of 2009 and 2012 
there is a growing interest for earthquake-
resistant structures with low construction 
times in site, able to reduce energy 
consumptions according to national 
energetic regulation for new constructions 
[11-16]. These regulations have redefined 
the Italian constructive context: since the 
second world war the majority of  buildings 
were built with low-cost technologies, 
without any particular attention to thermal 
performances of the envelope. Starting 
from the first energetic regulation of 1991 
and from the important introduction of the 
Legislative Decree 192/2005 [11], main 
focus was put on energy saving and 
increasing of thermal performances for 
winter and, only after 2009, for summer.
Since the Italian climate differs 
significantly from North to South, Italian 
law divided the territory into 6 climate 
zones and set different reference values for 
each zone. The Climate zones (A, B, C, D, 
E, F) are defined according to the national 
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range of heater degree-days for 
municipalities; therefore there is a relevant 
differences between the coldest climate 
zone (F), with municipalities that has more 
than 3.000 degree-days, and the hottest one 
(A), with a value lower than 600 degree-
days.
Following parameters (Table 2) are referred 
to the Climatic Zone D, that corresponds to 
middle Italian regions  characterized by a 
temperate climate and by a range between 
1.400 and 2.100 degree-days.

Table 2. Thermal parameters of external walls for 
new buildings: Climatic zone D (Florence, Italy)

1.2. High thermal mass of brick block
construction methods VS new 
lightweight timber structures

The Italian temperate climate is 
characterized by differences between 
climatic zones and by strong variations 
between diurnal/nocturnal and seasonal 
temperatures. Florence (Climate zone D) is 
well representative of this dynamic climate 
with his hot, humid summers, moderate 
rainfall and cold, damp winters.
During summer period, external walls with 
high heat capacity and little insulation can 
help to interact dynamically with the 
external environment, reducing thermal 
peaks and releasing in the night hours the 
heat stored. Otherwise during the cool
period should be preferred high thicknesses 
of insulating materials, that may help to 
retain heat for longer and avoid heat losses 
through the wall[3,7]. Therefore for better 
understand the complex behaviour of the 
constructions is important adopt a dynamic 
thermal analysis, going beyond the 

reference values of the Italian Regulation, 
made with steady-state simulations. In Italy 
the majority of new masonry residential 
buildings are constructed with aerated brick 
blocks, often with exterior insulation for 
achieving winter thermal requirements. The 
density of blocks is usually around 800 
kg/m3 and its structural performances make 
it suitable for Italian earthquake zones.
Contrary to brick blocks, timber structures 
are considered a low density and 
lightweight construction materials, however 
is appropriate to consider that each  
typology has different performances 
according to the variation of the 
constructive method. In this country the 
timber constructions, as previously said, are 
having during last years a great diffusion,  
due to the reduction of construction times 
and especially for their good thermal and 
structural performances [17]. Many 
developer Italian housing design are made 
with cross laminated timber (CLT) or with 
timber frame structures but, while the first 
one is characterized by multi-layered panel 
with each layer of boards placed cross-wise 
to adjacent layers that gave low-medium 
density,  the second one is usually 
considered low density, due to the high 
thickness of inner insulation. In this general 
scenario, the evolutionary trend of the 
Italian residential construction industry is 
slowly moving on the concept of 
modularity, with timber frame modular 
structures, assembled off-site, aimed 
reducing mistakes and times of 
constructions. The spread of this kind of 
technologies has been accelerated as a 
result of the emergency housing related 
needs, such as post-earthquake situations, 
but also thanks to the incisive request from 
the Public Administration, that sees in these 
systems an implementation of controls in 
construction phase, to reduce the extra costs 
of building.

2. Methodology
This paper presents the results of both static 
and dynamic thermal simulations, 
comparing results for a new residential 

Italian Regulation Reference 
Values

D.lgs311/2006 
[12]

U < 0,36 W/m2 K

D.P.R 59/2009 Ms > 230 kg/m2(or)
[13] Yie < 0,12 W/ m2 K
D.M. 26/06/2009
[14]

> 12h  
(excellent)

Fa <0,15  
(excellent)
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building designed with three different 
construction methods: conventional brick 
blocks, cross laminated timber and modular 
timber frame structures. Static simulation 
are made with Termus, Italian simulation 
software based on Italian Regulation UNI 
TS 11300, “Technical Standards on energy
efficiency and energy label of buildings”. 
Dynamic simulations of three types of 
construction are done using DesignBuilder 
(graphical interface) with Energy Plus 
simulation software. Results of the three 
types of construction with same  U values 
but different thermal mass are analysed and 
compared. 

2.1. Weather data
Weather data of Florence, Italy, climatic 
zone D, 43°47 n from 
the Energyplus database. Daily, hourly and 
sub-hourly weather data generated by 
Energyplus are set for 2002.

2.2. Building model
As a base for the modelling was chosen a 
three storey building design, characterized
by three apartments per floor. It is a virtual 
modular building (Fig.1) with basic one 
bedroom and one living room and kitchen 
for apartment, according to Local Building 
Regulations. The simplest unit was chose 
for the analysis because is well 
representative of the main typology: with 
balcony access and two or three openings.
The front door of every apartment is facing 
north and every dwelling  is made up two 
modules of 3.2x7.8 meters, with the same 
floor area of approximately 40 m2.
Windows are double glazed, LoE argon 
filled, with wooden frames and U values of 
1,493 W/ m2 K. The external shadings, 
made with high reflectivity slats, are placed 
into south, east and west front. Is 
considered for airtightness of the building a
value of 0.3 air changes per hour, according 
to National Regulation UNITS 11300-1 for 
residential buildings.  

Fig. 1 First floor plant

2.3. Activity data
The apartments are occupied by two adults: 
kitchen and living rooms are occupied 
between 07:00 and  23:00h with a peak in 
the early morning and in the evening on 
weekdays and between 07:00 and 23:00h at 
weekends. Bedroom is occupied from 23:00 
to 09:00h both on weekdays and weekends. 

2.4. Construction data
Each external wall construction was set to 
the same U value: 0.22 W/ m2 K.  Among 
all insulating materials were chosen rock 
wool panels, for low values of thermal 
conductivity, and wood fibre panels for the 
higher density of the material compared to 
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the others. All three type of construction  
are within the ranges  of the Italian 
regulation. Table 3, Table 4 and Table 5 
shows the external wall properties of brick 

blocks (A), cross laminated timber (B) and 
modular timber frame constructions (C).

Components s [mm] C Ms P<50*10¹² C.S. R
inside 0.0 7.70 0.0 0.130
Plaster 15 0.700 46.667 21.00 18.000 1000 0.021

Aerated Brick 
blocks (365*185*250)

365 0,12 0.400 320.00 20.000 4.13 2.498

Wood soft fiber 
panel

70 0.040 0.570 11.20 38.600 2100 1.754

Cement-plaster 20 0.900 45.000 36.00 8.500 1000 0.022
outside 0 25.000 0 0.040

Table 3. External wall properties: Brick blocks wall(A)
 

Components s [mm] C Ms P<50*10¹² C.S. R
inside 0.0 7.70 0.0 0.130

Plasterboard 12 0.210 17.500 10.80 23.000 1000 0.057
Vapor barrier 1 0.230 230.000 1.10 0.010 900 0.004

Rock wool panel 40 0.039 0.962 3.20 150.000 1030 1.039
Cross lam 90 18 0.156 8.667 9.00 3.860 1600 0.115
Cross lam 90 18 0.156 8.667 9.00 3.860 1600 0.115
Cross lam 90 18 0.156 8.667 9.00 3.860 1600 0.115
Cross lam 90 18 0.156 8.667 9.00 3.860 1600 0.115
Cross lam 90 18 0.156 8.667 9.00 3.860 1600 0.115

Wood soft fiber 
panel

100 0.040 0.399 16.00 38.600 2100 2.506

Plaster 20 0.700 35.000 28.00 18.000 1000 0.029
outside 0 25.000 0 0.040

Table 4. External wall properties: Cross laminated timber (B)
 

Components s [mm] C Ms P<50*10¹² C.S. R
inside 0.0 7.70 0.0 0.130

Plasterboard 12 0.210 17.500 10.80 23.000 1000 0.057
Plasterboard 12 0.210 17.500 10.80 23.000 1000 0.057
Vapor barrier 1 0.230 230.000 1.10 0.010 900 0.004
OSB s >10-18 15 0.144 9.600 9.45 0.483 1600 0.104

Rock wool panel 60 0.039 0.642 4.80 150.000 1030 1.558
Rock wool panel 60 0.039 0.642 4.80 150.000 1030 1.558

OSB s >10-18 15 0.144 9.600 9.45 0.483 1600 0.104
Wood soft fiber 

panel
30 0.040 1.330 4.80 38.600 2100 0.752

Plaster 20 0.700 35.000 28.00 18.000 1000 0.029
outside 0 25.000 0 0.040

Table 5. External wall properties: Timber frame module (C)
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2.5. HVAC
For dynamic thermal analysis 
DesignBuilder was set for a typical summer 
week (7 August – 14 August) and a typical 
winter week (22 December, 28 December).  

2.5.1. Heating and Cooling
During winter heating is provided using 
natural gas with condensing boiler and hot 
water radiator system. Heating set point 
temperatures are 20°C and off during the 
night. For all three case there is no 
mechanical cooling, but is set the model 
with natural ventilation cooling passive 
system.

2.5.2. Ventilation
Ventilation set point temperatures are on 22 
°C with windows that start to open on 
weekdays of summer design days between  
07:00 and 10:00 and between 19 and 24:00. 
During weekends, on the other hands, the 
windows are open between all the day with 
a peak during the evening (20:00-24:00).  
In every moment when the indoor 
temperatures exceed 22°C windows are 
fully open with 50% glazing area opens. 
There is no mechanical ventilation 
provided.

3. Results
3.1. Static thermal simulation
The Steady state simulations was set 
automatically for winter, with outdoor 
Temperature of 0°C and indoor 
Temperature of 20°C. According to Table 
6, 7 and 8 we can see how thermal lag ( )
and Ms values with the same U values of 
0.22 W/m²K  for three configurations. 

Values

R 4.466 m²K/W
U 0.22 W/m²K
Yie 0.03 W/m²K
Int 32.932 kJ/m²K
Ms 331 kg/m²

15.02 h
Table 6. Static thermal simulation: Brick blocks 
wall(A)

Fig. 2 Pressure Diagrams: Brick blocks wall(A)
 

Values

R 4.382 m²K/W
U 0.22 W/m²K
Yie 0.03 W/m²K
Int 16.367 kJ/m²K
Ms 76 kg/m²

12.17 h
Table 7. Static thermal simulation: Cross laminated 
timber (B)

Fig. 3 Pressure Diagrams: Cross laminated timber 
(B)
 

Values

R 4.394m²K/W
U 0.22 W/m²K
Yie 0.12W/m²K
Int 34.700kJ/m²K
Ms 56 kg/m²

7.79 h
Table 8. Static thermal simulation: Timber frame 
module (C)

Fig. 4 Pressure Diagram: Timber frame module (C)
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3.2. Summer dynamic thermal 
simulations

Metabolic activity is set on 0.9 value while 
summer clothing (clo) is set on 0.5. Results 
are taken from the first floor apartment, 
with living room facing on both south and 
west and with bedroom facing only on 
south.
The following figures (Fig.6-11) shows 
how vary Air Temperatures, Radiant 
Temperatures and  Operative Temperature 

during the summer hottest week (7-14 
Aug). While in the second diagram it shows 
comfort values: Fanger Predicted Mean 
Vote (PMV), calculated according to ISO 
7730,  Pierce PMV ET, calculated using the 
effective temperature and the Pierce two-
node thermal comfort model and in the end 
Pierce PMV SET, calculated using the 
'Standard' effective temperature and the 
Pierce two-node thermal comfort model.   

Fig. 6.  Summer_ To and PMV values: Bedroom 
Brick blocks construction (A)

Fig. 7.  Summer_ To and PMV values: Living room 
Brick blocks construction (A)

Fig. 8.  Summer_ To and PMV values: Bedroom 
Cross laminated timber (B)

Fig. 9.  Summer_ To and PMV values: Living room 
Cross laminated timber (B)
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Fig. 10.  Summer_ To and PMV values:Bedroom 
Timber frame module (C)

Fig. 11.  Summer_ To and PMV values: Living room 
Timber frame module (C)

3.3. Winter dynamic thermal simulations
Metabolic activity is set on 0.9 value while 
winter clothing (clo) is set on 1. Results are 
taken from the same first floor apartment. 

Figures (Fig.6-11) shows how vary living 
room and bedroom Temperatures and PMV 
values for a typical winter design week (24-
30 December). 

Fig. 12.  Winter_ To and PMV values: Bedroom 
Brick blocks construction (A)

Fig. 13.  Winter_ To and PMV values: Living room 
Brick blocks construction (A)

Fig. 14. Winter_  To and PMV values: Bedroom 
Cross laminated timber (B)

Fig. 15.  Winter_ To and PMV values: Living room 
Cross laminated timber (B)

Page 153 / 522



Building Simulation Cairo 2013 - Towards Sustainable & Green Built Environment, Cairo, June 23rd - 24th 
Topic name: Energy in Buildings

 

Fig. 16.  To and PMV values: Bedroom Timber 
frame module (C)

Fig. 17.  To and PMV values: Living room Timber 
frame module (C)

4. Discussion and Conclusion

constructions Max. To n.hours>26° Fanger PMV
Brick blocks construction 

(A)
Bedroom 27.51 °C (21:00) 19 h (11:00-6:00) -0.52 < -1.52

Living room 28.86 °C (21:00) 21h (10:00-7:00) 0.74>1.45

Cross laminated timber (B)
Bedroom 28.74°C (21:00) 20 h (11:00-7:00) 0.23< -1.27

Living room 30.45°C (21:00) 24 h 0.94>1.89

Timber frame module (C)
Bedroom 29.04°C (21:00) 20 h (11:00-7:00) 0.0<-1.23

Living room 31.01°C (21:00) 24 h 1.0>1.94

Table 9. Summer results summary for 13 August (hottest day)

According to Results of summer 
simulations, the operative Temperature 
decreases with increasing thermal mass: 
starting from the ‘lighter’ timber frame to 
the 'heaviest' brick blocks construction.
There is a little difference of operative 
Temperatures between timber frame 
construction compared with cross laminated 
timber, but, as we can see in Table 9,   there 
is a more relevant difference (1°C for 
bedroom and around 2 °C for living room) 
between this two lightweight constructions 
and that one with brick blocks. 
It’s interesting to note that for every 
solution there is a significant cooling effect
from natural ventilation openings, that 
increases with the cool air morning and 

diminishes as the ambient air rise during the 
day. Night ventilation cools the lighter 
weight constructions more, especially for 
living room with its openings on three
sides, improving in slight results of thermal 
comfort. Therefore lightweight structures 
are more affects by external variations with 
great oscillations between morning and 
evening temperatures. Peak temperatures 
are greater with cross laminated and timber
structures, but soon are reduced with 
natural ventilation cooling. (Fig. 8-11). 
Results show how high operative 
temperatures decreases for the medium-
weight brick blocks construction, unlike the 
lightweight timber structure, due to its 
higher thermal mass values.
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Therefore it is important to note that, 
despite thermal mass is effective in 
reducing peak of temperatures during the 
daytime, it can have a slower response, 
regarding thermal comfort during the 
evening and night, when lower external 
temperatures can cool a lightweight 
building more quickly. 

Predicted Mean Values gradually grows (+2 
= warm sensation) as the thermal mass 
increases, maintaining the same external U-
value for all three cases. Moreover the 
study showed  that between all the 
structures (A), (B) and (C) there are some 
relevant differences on operative 
temperatures of  summer design week,
between ground-first and second floors 
(about 1.5 °C per floor).

constructions Min. To Energy Per Total 
Building Area

Brick blocks construction (A)
Bedroom 18.64°C 1.02 kWh/m2

Living room 18.10°C

Cross laminated timber (B)
Bedroom 18.82°C

Living room 18.34°C 0.84 kWh/m2

Timber frame module (C)
Bedroom 19.03 0.83 kWh/m2

Living room 18.51

Table 10. Winter results summary for 27 December

From winter simulation is possible see how 
affects high thickness of insulation 
materials (B) (C), that allow to keep 
temperatures constants during all the day, 
avoid peak loads. The heating system of the 
building, with a set point temperature of
22°C, prevents the achievement of 
discomfort temperatures for all three cases, 
but, as results show (Fig. 12-16  and Table 
10), total energy needed for maintain winter 
comfort temperatures are higher for brick 
blocks constructions (A) and lower for the 
lightweight structures.

Is possible to consider this building model 
as typical design for new housing since is 
very near to many projects developed in 
Italy for new social housing. All three 
exterior wall are realistic options, with 
materials values taken from the 
construction companies of bricks, timber 
structures and insulations.  As some studies 

have previous highlighted [4] true 
heavyweight construction ( >2000 kg/m3) 
masonry walls, concrete ceilings and no 
lightweight internal finishes, has the 
potential to create houses more resistant to  
overheating during summer season, but the 
current Italian practice is to make 
construction methods even more lighter.
Use for constructions a very heavyweight 
material however can increase the 
environmental impact of the industry 
(concerning recyclability, demountability , 
embodied energy and life cycle of 
materials, all aspects that are a ‘plus’ of 
timber prefabricated structures). At the 
same time low density timber structures, 
while have an excellent performance during 
winter, as this paper shows, may give 
problems of overheating during summer 
season, increasing energy consumptions for 
cooling. Some recent studies are also 
searching new methods for improving 
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thermal inertia of light structures, adding 
for example different high density panels 
(concrete, raw clay)  or high density 
insulating materials in the frame. 
Regardless of construction materials, new 
housing must optimize natural ventilation, 
essential for all the countries with hot and 
temperate climates, avoiding mechanical 
cooling. For this reason it is useful to 
provide cross ventilation and chimney 
effect with stacks, ventilation openings and 
grids, evaluating all the benefits of this 
strategies using, when is possible, 
computational fluid dynamics softwares
(CDF).
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Abstract: In desert environments, external ground reflectively can affect heat gain in buildings. The high 
intensity of reflected solar radiation can either be absorbed by the exterior wall envelope or transmitted through 
the windows, contributing to excessive heat gain and energy consumption especially in the cooling season. 

 off the ground 
surrounding the building. 
 
This paper aims at investigating the significance and the influence of ground reflectivity on reducing the cooling, 
heating and lighting energy loads for different orientations. The larger aim is to formulate basic guidelines for 
urban fabric design in desert environments.  
 
The energy loads of the investigated cases were calculated by using the EnergyPlus simulation software for a 
typical dwelling lounge located in the Egyptian desert. The purpose was to assess the energy saving potential 
resulting from using three external ground materials: grey concrete with 20% reflectance, brownish beige 
concrete with 40% reflectance and pattern concrete with 60% reflectance. Conclusions are drawn recommending 
appropriate range of ground reflectivity percentages that reduces monthly and annual energy loads. These 
reached up to 16% in the South and West orientations. 
 
Keywords:  Ground Reflectivity; Desert; Simulation; Energy; Egypt. 

1.1. Introduction 
The estimation of ground reflected radiation 
component plays a major role in the process 
of reducing the cooling energy loads 
especially in desert environments, where 
the high intensity of reflected solar 
radiation leads to a substantial increase in 
the energy consumption of buildings. 
 
A large body of literature covers the effect 
of ground reflectivity on reducing the 
heating loads during winter, especially in 
the cold climates of countries having a 
substantial snow cover. There is an 
apparent lack in studying the effect of 
ground reflectivity in desert environments 
and its contribution in increasing the 
cooling loads, especially in the summer. 
This is especially important due to the clear 
sky conditions that dominate the desert 
environments. 
 

The effect of ground reflectivity on energy 
consumption is typically related to a 
number of factors. These include ground 
surface material, solar elevation and cloud 
cover, if any. In desert environments, a 
significant portion of the solar radiation that 
falls onto the ground surface is reflected to 
the building external envelope (Figure 1). 
This high intensity of reflected solar 
radiation can either be absorbed by the 
exterior wall envelope or transmitted 
through the windows, contributing to an 
increase of the cooling energy loads, and a 
possible reduction of the lighting loads. 
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Figure 1: Direct, and reflected solar radiation off 
the ground surface in clear sky conditions. 
 
1.1.1. Objective 
The purpose of this study is to report on the 
outcomes of the first phase of a research 
aiming at identifying external ground 
materials surface reflectivity rates that 
reduce energy consumption of adjacent 
buildings. This work investigates the 
effectiveness of using three types of ground 
materials, each having different surface 
reflectivity rate, in reducing the total energy 
load in the hot-arid desert climatic 
conditions of the Kharga Oasis located in 
the Egyptian desert. 
 
1.1.2. Literature Review 
A large body of literature covered the effect 
of ground reflectivity -in other words 
albedo- on reducing the heating loads 
during winter, especially in the cold climate 
of countries having a substantial snow 
cover. Other publications addressed the 
value of albedo in different conditions. The 
following is an overview of these 
publications. 
 
Ground reflectivity in building energy 
simulation was investigated in order to 
properly estimate its percentage in the 
presence of snow in six Canadian locations. 
Simulation results indicated a significant 
saving potential in sensible monthly and 
annual heating loads of up to 23.3% and 
10.9% respectively. These savings could be 
achieved by proper estimation of ground 
reflectivity [1]. Moreover, the ground 
albedo relationship with the snow depth 
required to mask the underlying surface of 
three soils was studied. Results indicated 

that the albedo percentage increased with 
the increase in snow depth until it reached 
70%, where the albedo rate of increase 
significantly decreases along with the 
standard deviation. It was found that snow 
depths of 5, 7.5 and 15 cm can effectively 
cover bare soil, sod and falafla respectively 
achieving albedo of 70% [2]. 
 
Ground reflected radiation was examined in 
a study to evaluate the diffuse radiation 
incident on an inclined plane by using 
several reliable data banks. Conclusions 
were drawn recommending the assumption 
of the ground reflected radiation to be 
isotropic, while using a constant averaged 
measured albedo [3]. In another study, 
average ground reflectivity was determined 
for solar collectors using an analytical 
method. Twelve types of winter landscapes 
were investigated where results were 
compared to a previous simple model. It 
was found that for rural landscapes in the 
heating season, average ground reflectivity 
results verified previous work except for 
areas close to water while, for urban areas, 
ground reflectivity range was significantly 
lower than the previous model [4]. 
Moreover, around albedo was investigated 
in Athens, Greece where eight models were 
examined to evaluate the measured ground 
albedo. Results emphasized that the 
constant commonly used albedo value of 
0.2 is inappropriate in the case of the 

measuring or estimating a new constant 
value for albedo could be more accurate. 
However, when conducting ground albedo 
estimations for short periods of time (5 or 
10 min.), this method becomes inefficient 
[5]. 
 
Ground reflected solar radiation was 
examined in a study that aimed to identify   
the major factors that influence modeling 
residential buildings. It was demonstrated 
that ground reflected radiation can 
considerably affect the simulated heating 
loads [6].  
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Ground reflectivity and temperature were 
analyzed in and around St. Louis city in 
USA by using HCMM satellite. Ground 
reflectivity value was relatively low in the 
central and the surrounding urban areas of 
St. Louis where the difference between the 
ground reflectivity value of the central and 
the urban areas reached from 2 to 4 
percentages agreeing with previous 
investigations. Contrary to the above, the 
ground temperature difference between 
urban and rural areas was relatively high as 

However, at night time, the difference 
between ground temperature in urban and 

daytime in summer. This is due to the fact 
that small size surrounding parks and 
vegetated areas have an insignificant effect 
on ground temperature at night [7]. Also, 
the ground reflected component was studied 
in order to properly estimate it instead of 
using the usual isotropic assumption in the 
development of a physical hourly radiation 
model called CDRS or Computation of 
Diffuse Radiation on Slopes. Results 
indicated a good agreement with several 
selected engineering algorithms during 
clear and overcast sky conditions. However, 
more tests were needed in case of cloudy 
weather conditions. The proposed model 
took into consideration the anisotropic 
effects and was created to overcome the 
shortcomings of the previous algorithms 
that lack accuracy in certain slope, azimuth 
and cloudiness conditions as for vertical 
surfaces with near zero azimuths during 
overcast conditions. This modeling 
shortcoming found in some simulation 
programs as DOE-2 and ENCORE-
CANADA can lead to severe errors in 
calculating energy consumption [8]. 
 
Ground radiation/ illumination in 
greenhouses were examined through the use 
of a reflecting wall located to reflect direct 
sunlight to the ground resulting in 
considerable energy efficiency. This was 
most pronounced in winter when the sun 

was low where most of sun radiation 
penetrated the house. Physical 
measurements were conducted for four 
types of greenhouses with reflecting walls 
where results verified theoretical 
calculations [9]. 
 
1.2. Methodology 
For the purpose of investigating the effect 
of ground reflectivity on energy 
consumption, a model of a typical 
residential living room space was created 
by use of the Design Builder software as an 
interface to the whole building simulation 
software: EnergyPlus. Design Builder was 
used as an interface for preparing data 
necessary for entry into the EnergyPlus 
simulation software. The EnergyPlus 
software, which was developed by the US 
Department of Energy [10], was previously 
tested and validated comparatively and 
analytically in several publications [11 and 
12].  
 
The main focus of the simulation process 
was to evaluate the energy demand -in the 
form of cooling, heating and lighting 
energy loads of the modeled space- that 
result from use of three external ground 
surface materials having reflectivity rates of 
20, 40 and 60 %, in main four orientations. 
A base-case residential space was modeled 
with specific building input parameters. 
These suit typical residential buildings in 
desert environments. It was a 5.4 m · 4.2 m 
· 3.30 m dwelling lounge. The Southern 
wall carries a clear single glazed window at 
its centre.  
 
The following is the assumed dwelling 
lounge parameters: 

 Ground Floor Level : Zero Level  
 All walls: 200 mm bricks with 

plaster 2 cm inside & outside 
 Floors: marble floor 
 Ceiling: 5 cm insulated ceiling with 

plaster from inside 
 Window dimensions : 2.20 * 1.40 m 
 Window sill: 0.15 m 
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Figure 2: Tested case study. 
 

Three external concrete surface materials 
were tested. These are illustrated in Table 
(1) and Figure (3).  
 
Table 1: The tested concrete surface materials and 
their reflectivity. 
Test case Material   Reflectivity 
Case I    Grey concrete                     20% 
Case II   Brownish beige concrete   40% 
Case III Pattern concrete                 60%     . 
 

 
 
Figure 3: Pictures for ground tested materials 
(cases I, II and III respectively. 
 
A split unit type air conditioning system 
was assumed. The heating and cooling set 

lighting was set to be dynamically 
controlled by sensors according to 
daylighting adequacy. Daylighting control 
was set up with an illuminance set point of 
300 lux at the centre of the dwelling lounge. 

for; while the energy consumption of 
appliances was not considered.  
 
Monthly and annual simulation runs were 
conducted for the four main orientations 
using the typical meteorological year 
(ETMY) weather data for the Kharga Oasis 

[13], which is located in the western desert 
of Egypt, was used. 
 
1.3. Results and Discussion 
The annual energy loads resulting from use 
of the three ground materials of different 
reflectivity were plotted. The charts 
illustrate the lighting electricity and cooling 
energy loads (kWh/m²) for various 
orientations. The sum of these loads is also 
presented. In addition, the window 
transmitted solar energy is provided.  
 
Simulation results showed that use of grey 
concrete having a 20% reflectivity rate 
produced a significant saving in the total 
annual energy loads of the tested building 
in comparison with the other concrete 
surface material types, especially the 
patterned concrete that has a 60% 
reflectivity. This is illustrated in Figures (4, 
5, 6 and 7), where the cooling energy loads 
gradually increased with the increase of 
ground reflectivity from 20% to 60%. It is 
worth noting that this performance is 
almost identical to that of the window 
transmitted solar energy.  
 
On the other hand, the lighting energy loads 
slightly decreased due to the enhancement 
of daylighting reflected off the ground 
surface to the indoor space. Use of a grey 
concrete surface having a 20% reflectivity 
rate reduced the tested building energy 
consumption by 15-16% in the different 
orientations when compared with the 
energy consumption resulting from use of a 
ground surface material having 60% 
reflectivity.  
 
This demonstrates that in extreme desert 
conditions, the significant portion of the 
solar radiation that gets reflected to the 
building external envelope from the 
surrounding floor surfaces have led to a 
considerable increase in the total and 
cooling annual energy loads.  
 
As the ground reflectivity decreases, i.e., 
darker the color, the savings in the annual 
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cooling energy increased significantly, 
reaching 19-20 % in the different 
orientations. However, lighting electricity 
decreased insignificantly with only 1% in 
all orientations. 

 
Figure 4: Ground Reflectivity Effect on the Total 

Annual Energy Loads- West orientation. 
 

 
Figure 5: Ground Reflectivity Effect on Total Annual 

Energy Loads- East. 
 

 
Figure 6: Ground Reflectivity Effect on the Total 

Annual Energy Loads- South. 
 

 
Figure 7: Ground Reflectivity Effect on Total Annual 

Energy Loads- North. 
 
The monthly cooling energy loads which 
represent the highest factor affecting the 
total increase in energy consumption due to 
the harsh desert environmental conditions 
of Kharga Oasis are illustrated in Figures 
(8, 9,10 and 11). Cooling energy savings 
resulting from the use of the three 
investigated concrete ground materials were 
the highest in the summer months, 
especially from May to September. The 
difference between 20% ground reflectivity 
and 60% reflectivity reached 17% in 
August in South and West orientations. 
 
In the summer months, the savings in 
cooling energy loads resulting from 
decreasing the ground reflectivity rates is 
most pronounced in East, West and South 
orientations. In North Orientation, 
reduction of cooling energy values was less 
significant due to limited direct solar 
penetration in this orientation. 

 
Figure 8: Ground reflectivity Effect on the Monthly 

Cooling Energy Consumption- West. 
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Figure 9: Ground reflectivity Effect on the Monthly 

Cooling Energy Consumption- East. 

 
Figure 10: Ground reflectivity Effect on the Monthly 

Cooling Energy Consumption- South. 

 
 
Figure 11: Ground reflectivity Effect on the Monthly 

Cooling Energy Consumption- North. 

1.4. Conclusions 
Use of a surface material having a low 
reflectivity rate of 20% (grey concrete) in 

the external surfaces around the tested 
building achieved significant energy 
savings. These results concur with those 
found in the literature for buildings in cold 
climates, where snow of high reflectivity 
achieved significant energy savings due to 
the reflection of solar radiation from the 
snow surface to the building. Similarly, in 
hot climates, external ground surface 
materials having high reflectivity rates 
increased the cooling energy loads as a 
result of the intensity of the reflected solar 
radiation. This, in turn, increased the total 
energy consumption of the tested building. 

In residential desert buildings, the energy 
saving resulting from using external grey 
concrete ground surface having and a low 
level of reflectivity (20%) achieved 
significant energy savings. This was 
followed by brownish beige concrete 
having 40% reflectivity rate. The highest 
energy consumption rate was found when 
the patterned concrete having 60% 
reflectivity was used. This research 
demonstrated that careful selection of 
external ground surface materials can 
effectively influence the monthly and 
annual cooling loads of the adjacent 
buildings. 
 
This points to the importance of the proper 
estimation of ground reflectivity when 
simulating the energy consumption of 
buildings, especially in the desert climates. 
Highly reflective ground surface materials 
can enhance the daylighting in such clear 
sky conditions and therefore decrease the 
lighting energy loads. However, the 
intensive reflected portion of solar radiation 
leads to excessive total energy 
consumption, where cooling loads represent 
the dominant energy loads in this extreme 
desert conditions. 

Further research: these results raises some 
questions about the balance between 
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increasing reflectivity of ground to reduce 
its surface temperature, hence reducing 
thermal Infrared re-radiated from the 
ground to the buildings' walls and outdoor 
environment on one hand, and decreasing 
its reflectivity to reduce reflected solar 
radiation passing through windows on the 
other. In future research, simulation of 
outdoor comfort conditions should be 
quantified, while using green areas which 
have moderate reflectivity but do not heat 
up due to evaporative cooling effect should 
be considered. 
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Abstract: The entire MENA region is facing sudden and often electric black-outs. They are often caused by 
simultaneous operation of compressed chillers for room air cooling which are causing a capacity demand peak 
during the main cooling season. This peak is shifted in time to the peak in outdoor air temperature due to high 
thermal capacities of the massive constructed buildings. Stand-alone room air cooling systems can lower the 
peak-load of the electrical grid by several Megawatts and help prevent black-outs within the main cooling 
season. Therefore, a test rig, consisting of two test rooms and an artificial desert, is developed at the Energy 
Engineering Department of the Technische Universität Berlin, Campus El Gouna, Egypt. The goal is to design a 
test bench to find stand-alone solutions for single (direct current) compressed cooling devices in combination 
with photovoltaic generated electricity. For shifting the energy surplus of incoming radiation the test rig will be 
equipped with a battery and chilled water storage. 
The design of the test bench will be done by simulating the bench model in EnergyPlus 7.2. This model is 
combined with a system simulation that is developed with the programming language of Modelica in the 
program environment of Dymola FD 2013. The outcome of the simulation defines the exact size of the whole 
test rig, as well as the energy demand to imprint a predefined climate condition onto the artificial desert and the 
energy demand for conservative cooling of the test rooms with compressed chillers. 
 
Keywords: Solar Cooling, Grid-independent cooling, Direct Current Compressor,  Test Bench with artificial 
desert  

Nomenclature 
A clear area ........................................... [m2] 
COP   Coefficient of performance ................ [- ] 

 Air temperature difference compared to 
reference temperature.......................... [K] 
total horizontal radiation ............... [W/m²] 

Pel electric power ...................................... [W] 
SHGC  Solar heat gain coefficient ................ [- ] 
Tcool Temperature of chilled cold water ....... [K] 
Tenv Temperature of environmental air ....... [K] 
Ti Air temperature of variant i ................ [°C] 

Tref Air temperature of reference variant ...[°C] 
Qcool Exhausted cooling load .................... [kWh] 
Qyear Annual exhausted cooling load ..... [kWh/a] 

 Cooling capacity .............................. [kW] 
 Heat flux to environment ................... [kW] 

u-value heat transfer coefficient .......... [W/m²K] 
V Volume ............................................... [m³] 
VT Visible Transmittance ........................... [-] 
 Real efficiency factor  ........................... [-] 

 

 
1. Introduction 
During the 90ies the development of solar 
cooling systems for buildings was mainly 
focused on thermal processes such as open 
sorption systems (which are used in DEC 
systems) and closed absorption or 
adsorption processes [1]. These 
technologies where tested and developed in 
pilot projects [2]. 

Meanwhile, the prices for photovoltaic 
modules dropped dramatically since the last 

peak in May 2009 to 
peak in January 2013 (crystalline 

technology from China)1. This results in a 
drastic reduction on investment costs if a 
vapour compression chiller is used in 
combination with PV-generated electricity. 
 
___________________________________ 
1 source: http://www.solarserver.de 
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Furthermore, the operation costs can be 
reduced by using direct current operated 
chillers. Nevertheless, this system set-up 
requires less system planning than 
compared with a sorption cooling system 
(i.e. for system hydraulics).  
An actual master thesis on comparing the 
systems was done last year. In this thesis 
also a solar thermal absorption chiller with 
a cold water storage was compared with a 
PV air-conditioning system with and 
without battery storage. Findings indicate 
that  -conditioning scenario 
with storage behaves and compensates the 
cooling demand better than the solar 
thermal air-conditioning [...] and needs 
less storage to cover the same amount of 
cooling load demand [3]. 
The first in series produced small PV 
cooling systems are brought to the market 
by companies like Hot Spot Energy or 
Concept Sud. They developed small grid-
independent split-units for use in single 
apartments or small households (Figure 1). 
The system by Hot Spot Energy works with 
a direct current compressor. This reduces 
the losses, which would be caused by a 
DC/AC transformer, and hereby increases 
the total system efficiency.  

 
Figure 1  Autonomous working PV-driven split 

cooling device with 3.5  kW cooling power and DC 
chiller technology (Source: Hotspot Energy) 

 
1.1. El Gouna as a model region 
The authors develop a test bench for 
introducing new cooling concepts for 
typical building constructs within the 
MENA region. Hot outdoor air climate 
leads to a nearly full year need for cooling 
systems in residential buildings and holiday 
apartments, which cause a relevant peak in 

load during the summer. A standard 
technology to exhaust the cooling load is 
small electric driven vapour-compression 
chillers (split-unit devices). The drastic 
growing energy demand of the Egyptian 
people is also caused by the rising number 
of private household air conditioning units 
[4]. 
Within the city of El Gouna, located 20km 
north of Hurghada at the Red Sea, nearly 
every apartment is equipped with an 
electric cooling device (see Figure 2). 
 

 
Figure 2  Outdoor units of split cooling devices 
within a residential building in El Gouna, Egypt 

Developed cooling concepts can be directly 
transferred to the whole city. The outcome 
can be viewed directly because the energy 
consumption of El Gouna is carefully 
logged and available for analysis. 
Furthermore the TU Berlin, Campus El 
Gouna has established a fully equipped 
weather station in accordance with the 
World Meteorological Organization 
(WMO) standard in cooperation with the 
Freie Universität Berlin (FU Berlin). The 
availability of the measured weather and 
electric consumption data will make 
analysis of weather related energy 
consumption easily possible and more 
accurate than comparing with generic 
weather data.  
 
1.2. Solar potential 
Using the radiation of the sun to provide 
chilled supply air for rooms has the 
advantage of a nearly simultaneous offer 
and demand. Figure 3 shows the total 
horizontal solar radiation, drawn in red, as 
an hourly value for an average day during 
the main cooling period in El Gouna, 
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Egypt. The daily average load-duration 
curve of the same period is drawn in blue. 
The peak in load is occurring at 8pm and is 
shifted for 8 hours to the peak in solar 
radiation at 12pm. 
 

 
Figure 3  Total horizontal radiation on horizontal 
surface and electric load duration curve within the 

main cooling season in El Gouna, Egypt 

To supress the shown peak of 3 MW in 
demand at 8 pm the compressing chillers 
need to be disconnected from the grid. The 
concept of solar cooling with split-units is 
shown in Figure 4. The solar radiation (1) is 
converted into direct current within the PV-
module (2). The emitted current can be 
directly used for the compressed cooling 
process within a direct current chiller (4) or 
stored in a battery (3a). By this, a DC/AC 
converter can be avoided. Missing power 
for operating the chiller can be provided by 
the local electrical grid (3b), which would 
make an AC/DC converter necessary. If the 
compressor works with direct current the 
alternating current of the grid needs to be 
transformed. Otherwise the direct current, 
provided by the PV-module or the battery, 
needs to be converted into alternating 
current. The produced cold water is 
distributed to a room air cooling device, 
such as a fan coil (5) or a static cooling 
surface. Alternatively the cold water can be 
stored within a cold water storage. 
 

 
Figure 4  System scheme for cooling with photo-

voltaic generated electricity 
 
1.3. Used models, simulation and 

software tools 
The following scheme in Figure 5 shows 
the data exchange between the used 
programs of EnergyPlus [5] and Dymola 

under the use the Modelica library 
BuildingSystems [6]. The construction of 
the test bench is established within 
Autodesk Ecotect 2011 [7]. The developed 
model can be directly exported as 
EnergyPlus input file. The weather data for 
the simulation is generated with Meteotest 
Meteonorm 7 [8] for the location of El 
Gouna. This data can be exported to an 
EnergyPlus readable file as well. 

The room air parameters (air temperatures) 
are simulated within the environment of 
EnergyPlus and the system performance 
parameters of the cooling system are 
simulated within the Modelica environment 
of Dymola [9]. The data exchange between 
both programs is done via the Ptolemy II 
[10] software framework within the 
graphical user interface of BCVTB [11]. 

 
Figure 5  Program data input and exchange to/ 

between EnergyPlus and Dymola 

Modelica library BuildingSystems 
The group of the building services 
technology department of the UdK Berlin 
(Berlin University of the Arts) is 
developing a Modelica library, called 
BuildingSystems. Hence, it enables an 
object-oriented modeling and simulation of 
different and detailed building supply 
systems. These models cover a wide range 
of building technologies, such as hydraulics 
and air conditioning systems, as well as 
building physics themselves. The structure 
of the library is shown in Figure 6. 

 
Figure 6 - Structure of the Modelica library 

BuildingSystems 
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Photovoltaic generator model 

The model of the PV plant, found within 
the BuildingSystems library, is a well 
validated model. The validation was done 
by comparing the simulation output with 
the real measured data of a PV field, with 
an electric peak of 15.5 kW, on top of the 
UdK Berlin main building, located in 
Berlin-Charlottenburg (see Figure 7).  
The measured data is compared with the 
forecast of the simulation model. The 
simulated values for the model temperature 
and the produced electrical power is close  
to the measured data (compare with Figure 
8).  

 
Figure 7 - Monitored PV-generator on the roof of 

the UdK Berlin building, Hardenbergstraße 33 

 
Figure 8  Simulated and measured module 

temperature and electrical power of the string of 22 
modules during three days in June 2012 

 

Battery model 

The model of the battery stores electric 
energy with a constant conversion rate of 
80% which is an average value for actual 
battery technologies. The maximum electric 
capacity needs to be entered and a loss 
factor to be chosen. The loss factor is 
proportional to the stored electricity. 
Compression chiller model 

Within the Modelica model of the 
compression chiller, the COP (coefficient 
of performance) is calculated for a counter 
clockwise circular process as a product of 
the ideal efficiency, multiplied by a loss 
factor  = 0.75. This factor includes the 
inner losses, the temperature differences of 
the cooled water and the refrigerant resp. to 
the environmentally exhausting side and the 
electric losses of the chiller itself.  

    (1) 

The value of the factor is chosen to have an 
average COP of 5.13, which is effectively 
the same as of a given compression chiller 
from a manufacturer [13]. The known 
electric power supply of the chiller Pel and 
the calculated COP are needed to determine 
the exhaustible cooling energy  and 
the to the environment transmitted energy 

 . 

   (2) 

 (3) 

Thermal building model 
The International Energy Agency (IEA) has 
developed a consecutive building 
simulation program for the two older 
programs BLAST and DOE-2. It is called 
EnergyPlus and used version is 7.2 from 
2012. It is capable to simulate multi-zonal 
thermal building models and energy supply 
plants. Heating, cooling, ventilation, 
infiltration and other heat transfer processes 
can be modeled within its environment. 
This environment is text-based and includes 
no own 3D-geometry modeling, but 
additional 3D modelers, like Autodesk 
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Ecotect, support the export of geometries to 
a EnergyPlus readable file. 
EnergyPlus can be used in co-simulations 
via the Ptolomy II framework in 
combination with BCVTB. 

Building Control Virtual Test Bed (BCVTB) 
The Building Control Virtual Testbed is a 
software environment which is capable to 
combine different simulation and analysis 
programs to a co-simulation by exchanging 
data through the Ptolomy II framework. 
Real time simulations with building control 
hardware in combination with thermal 
building or system simulation is possible as 
well. 
Within a graphical editor the coupled 
programs and hardware are structurally 
shown on the top level. 

2. Simulation studies 
The analysis and optimisation of the test 
bench is done by variations of the test 

described system components.  
The test bench is located in the artificial 
city of El Gouna (see Figure 8, map of 
Egypt) and is simulated for a week in 
January and a week in July (each with one 
week simulation in advance for steady 
state). While being simulated, the test rig is 
placed in the constant tempered technical 
hall of the Energy for Buildings 
Department at the Campus El Gouna.  
All simulations are done to set the 
properties (building physics and system 
components) of the test bench, which will 
be built at the Campus El Gouna. 
2.1. Environmental Conditions 
The environmental conditions are generated 
with the meteorological software 
Meteonorm 7 for the location of El Gouna 
(27°39´84´´ N, 33°66´93´´ E). 
 

 
Figure 9  Location of El Gouna within Egypt  

(taken from Meteonorm 7) 

The lowest air temperature, during the week 
in January (commencing from 8 January) is 
9.8 °C, while the hottest is 20.9 °C. For the 
week in July (commencing 23 July) the 
coldest expected air temperature is 29.2 °C, 
while the highest is 40.5 °C. The weekly 
profiles of the environmental air 
temperatures are shown in Figure 10. 
 

 
Figure 10  Outside air temperature profiles for a 

week in January and in July within El Gouna, Egypt 

The weekly sum of global horizontal 
radiation is within the week of January 59.2 
kWh/m² and within the week of July 73.8 
kWh/m². The hourly distribution of the 
incoming total radiation is shown for both 
weeks in Figure 11. 
 

 
Figure 11  Incoming global radiation on horizontal 

surface above the ground within one week in 
January and July, El Gouna, Egypt 
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2.2. Building model 
The test bench will be, according to Figure 
12, located in the technical hall of the TU 
Berlin, Campus El Gouna (circled in red). 
The surrounding walls of the technical 
courtyard (outlined in blue) are modelled as 
well. Hence, the shadowing of the 
surrounding building is considered for the 
annual energy demand calculations.  
 

 
Figure 12  Floor plan of first floor, TU Berlin, 
Campus El Gouna, with marked technical hall 

The test rig is going to be placed in the 
mid-western section of the hall and covers 
the second and third window (from the 
west). The depth of the artificial desert is 
defined by the window opening depth of 
1.23 m. Hereby, it is possible to open it and 
run test under real outdoor climate 
conditions. The complete construction can 
be seen in the floor plan in Figure 13. 
 

 
Figure 13  Floor plan of the mid-western section of 

the technical hall of the Energy for Buildings 
Department 

Each of the two test rooms of the test rig 
has a clear area of 9 m². Both rooms can be 
combined to a single test room with the 
average size of a living room or holiday 
apartment with a total clear area of 18.6 m². 
The outer wall of the test bench is defined 
by the actual built wall (26 cm lime-sand 
brick with both sided plaster, U-value = 
1.57 W/m²K). This is as well the 

assumption for the separation wall between 
artificial desert and the test rooms (without 
plaster, 30 cm lime-sand brick, U-value = 
2.08 W/m²K).  
All surrounding walls (and the separation 
wall between both test rooms) is 
constructed with 18 cm insulation, covered 
in 12.5 cm plasterboards (U-value = 0.13 
W/m²K).  
The walls from the test rooms are equipped 
with an additional thermal mass of a 10 cm 
layer of lime-sand bricks.  
The ceiling and the floor of the test rig are 
constructed by a sheet metal with insulation 
and a plasterboard cover (U-value = 0.19 
W/m²K). 
The windows of the test rooms have a total 
area of 1 m² and are single-glazed with a 
wooden frame (common Egyptian 
construction). The solar heat gain 
coefficient (SHGC) is 0.66 with a total 
visible transmittance (VT) of 0.67. The  
U-value of the total construction is about 
4.97 W/m²K. 
The outer window of the artificial desert 
has a SHGC = 0.54 and a VT of 0.58 at a 
total U-value of 2.57 W/m²K. 
The properties of the test bench are chosen 
according to constructive standards within 
Egypt and the MENA region. 
For the simulation, both test rooms are 
combined to one single room with a total 
clear area of 18.6 m². 
Internal loads are considered, for one 
present human while standing with no or 
easy work load, as 70 W [14]. 
The air exchange rate to the artificial desert 
is set to 0.5 h-1, according to rate for living 
areas with continuous operation of 
ventilation systems from DIN-EN-
15251[15]. 
The surrounding technical hall is set to a 
constant air temperature of 23°C. 

2.3. Co-simulation Modelica /EnergyPlus 
The reference cooling system is designed 
by the specification sheet of the DC48-12C 
solar cooling system by the company 
Hotspot Energy (referred to Figure 1). 
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The cooling capacity is about   
3.5 kW at a nominal input of  560 W. 
It is operated with direct current at 48V. 
The PV-field is required to have an 
electrical peak of Pel,peak of 1,400 W which 
can be provided by 6 modules (each with 
380 W). The battery is designed with a total 
capacity of 6.6 kWh. 
The room air unit provides a constant 
volume metric flow rate of 450 m³/h, while 
activation. 

2.4. System parameters 
The system model is transformed into a co-
simulation model, which consists of a 
Modelica energy plant model and a 
EnergyPlus thermal building model. The 
co-simulation is realised with the 
framework BCVTB (see Figure 14). 
 

 
Figure 14 Parameter exchange between 

Modelica/Dymola and EnergyPlus by the use of the 
co-simulation framework BCVTB 

2.5. Simulation Variations 
At first, the building physics are varied 
within the environment of EnergyPlus. The 
following parameters are varied, compared 
to the reference (see section 2.2. Building 
Model): 
 Var1: wall thickness to artificial desert 

15 cm instead of 30 cm  
 Var2: double glazed windows instead 

of in single glazed windows 
 Var3: no internal masses 
 Var4: no internal loads 
 Var5.1 to Var5.3: different air 

exchange rates: 0 h-1; 1 h-1; 2 h-1 
These variants were calculated directly 
within EnergyPlus and the simulated ideal 
loads are compared. 
In the second step, the system parameters 
were varied within the Modelica/Dymola 
energy plant model. The following changes 

are done, compared with the reference 
system: 
 Var6: chiller with a higher cooling 

capacity of 4.4 kW instead of 3.5 kW 
 Var7.1 to Var7.3: battery capacities: 

2,208 Wh; 4,416 Wh; 8,832 Wh 
 Var8.1 to Var 8.2: various size of the 

PV-field: 2*230 W; 4*230 W 
 Var9.1 to Var9.3: introducing of a cold 

water storage with water volume of:  
50 l; 400 l; 1,600 l. 

For these variations, the artificial desert is 
detached from the building model. As a 
result the thermal and system behaviour of 
the test room can be analysed faster and for 
a period of a whole year. 

3. Simulation Results 
3.1. Ideal Loads 
The building simulation program 
EnergyPlus simulates a whole year under 
the climate conditions of El Gouna 
(weather file, generated by Meteonorm). 
This simulation is repeated for the first four 
versions. At first, the average room air 
temperatures for a free floating room air 
temperature are compared in Figure 15. 
There, the temperature differences of the 
different versions to the reference are 
drawn over the cooling period (May to 
October). Outlined in red is the temperature 
difference, which a version is warmer than 
compared with the reference. The blue 
columns illustrate the temperature 
difference, which a version is cooler than 
the reference. The grey value shows the 
average over the whole cooling period. 
 

 
Figure 15  Temperature differences from the 

different variants, compared with reference case 
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The thermal model behaves as expected. If 
the outer wall is reduced to a 15 cm lime-
sand brick layer (Var1), the average free 
floating temperature is (slightly) higher 
than in the reference and the amplitude of 
the swinging room air temperature 
increases. The same can be seen, when the 
inner thermal masses are removed (Var3), 
except that the average room air 
temperature stays the same. Introducing a 
double glazed window or removing the 
internal loads lowers the overall 
temperature (Var2 and Var4). Due to higher 
thermal gains and no ventilation losses at 
night, a higher air temperature follows the 
reduced air exchange rate (Var5.1). The 
higher the air exchange rate becomes, the 
lower is the average room air temperature 
(Var5.2 and Var5.3). 
After comparing the physical behaviour of 
the system, a constant cooling setpoint is 
introduced into the EnergyPlus model. It is 
set to 26°C. When the free floating room air 
temperature is increased to that point the 
thermal energy is calculated, that needs to 
be exhausted to keep the temperature below 
this point. This hourly cooling capacities 
are integrated over the year and the cooling 
period and the values of the different 
versions are compared in Figure 16. 
Outlined in blue is the annual sum. Red is 
the cooling period sum. The annual cooling 
demand of the test room is 2,493 kWh/a 
(resp. 134 kWh/m²a), of the main cooling 
period 1,746 kWh (resp. 94 kWh/m²)  
 

 
Figure 16 - Ideal annual and main cooling season 
cooling energy demand for the different variants 

(test room set to 26°C) 

The cooling energy demand behaves like 
expected. While the average temperature 

differences (compare with Figure 15) are 
lower, the cooling energy demand is lower 
(Var2 and Var4). Interesting is Var5.1. 
Here, the average temperature is above the 
references average during the main season, 
but still the cooling energy demand is lower 
than in the reference. The annual lower 
demand can be explained by high thermal 
gains by the flat angle of the sun on the 
southward facing windows and less thermal 
losses at night. The removed air exchange 
is causing in summer no thermal ventilation 
gains. Hence, the cooling demand is 
reduced. 
3.2. System Simulation  
The co-simulation of EnergyPlus and 
Modelica/Dymola is done for the weeks 
shown in Figure 10 and 11. One week in 
advance is simulated as warm-up period. 
Within Figure 17 and 18 the weekly 
exhausted cooling energy is drawn for one 
week in winter (red) and one week in 
summer (blue). Additionally, the times, the 
chiller is switched on are outlined in bright 
blue (Figure 17) resp. bright red (Figure 
18). The exhausted cooling load varies in 
the winter week only between 6.77 kWh 
and 7.93 kWh, while the number of on/off-
switches differs from 2 to 111 per week. 
Within the summer week the exhausted 
cooling load varies from 39.9 kWh up to 
107.5 kWh. 
 

 
Figure 17  Exhausted cooling load and times the 

chiller is switched on during one winter week 
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Figure 18  Exhausted cooling load and times the 

chiller is switched on during one summer week 

The nearly constant cooling load in the 
winter week shows, that all system 
variations are capable to exhaust the 
cooling load. The higher cooling capacity 
of the chiller in Var6 results in less on/off-
switches but higher exhausted cooling load. 
Is can be explained by a lower average 
mean room air temperature. If the bigger 
chiller is activated, the room air is more 
cooled than with the smaller. Higher 
amplitudes of the mean room air 
temperature are the result. 
The more constant supply water 
temperatures in the cold water storage 
(Var9.1, Var9.2 and Var9.3) result in a 
slightly lower exhausted cooling load 
(lower temperature difference between 
supply and mean room air temperature). 
Hence, it is also shown, that even a small 
cold water storage of 50 l (Var9.1) causes 
highly decreased on/off-switch rate. This 
can be seen in the summer week (Figure 
18) as well. If the PV-field is made smaller 
(Var8.1 and Var8.2) the whole system is 
not able to chill the room air to the desired 
value of 26°C. Increasing room air 
temperatures between 2 am and 6 am are 
the result. This effect can be seen in Figure 
19. There, the difference of the mean air 
temperature of the test room is compared 
for Var8.1 (drawn in red) and Var8.2 
(drawn in blue) with the references. The 
lines indicate how much higher the room air 
temperature is compared to the reference. 
 

 
Figure 19  Room air temperature differences of 

Var 8.1 and Var 8.2 to compared with the reference 
room air temperature 

The PV-field of Var8.2 is able to supply the 
test room with enough cooling capacity for 
room air cooling during the daytime (air 
temperature exceeds set temperature of 
26°C less than 1 K). The smallest simulated 
PV-field (Var8.1) only has not enough 
power to supply the cooling system 
directly. First after loading the battery the 
system is activated for a short period to 
cool down the room air to around 26°C. 
After that the air temperature rapidly 
increases. 
A decreasing size of the battery (Var7.1) 
causes the same effect. The battery of 
Var7.2 is able to provide the same cooling 
capacity as in the reference (compare with 
Figure 18). A further done simulation 
shows that, that this is not transferable onto 
a whole year (leak of electricity within 
September).  

4. Summary and Outlook 
The simulation of a PV cooling system for 
a single room or holiday apartment has 
shown that the needed electricity can be 
produced by the building itself under 
climate conditions of El Gouna, Egypt. 
In this case the PV cooling system works 
autonomous without any connection to the 
electric grid by the use of an electric battery 
(and a cold water storage in one case). 
The variation or the test bench physics and 
system components enable the test rig to 
analyse a wide range of different system 
set-ups. Furthermore, the installation of an 
artificial desert allows analysis for different 
climate conditions as well. 
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Finally, the test bench will be designed 
based on the reference variant of the system 
set-up.  
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Abstract: Buildings are the dominate energy consumers on the planet. HVAC systems contribute to 30 % of
energy use in buildings (from 22 % to as high as 54 %). Escalating energy costs are driving customers and
consultants to choose different alternatives in regard to HVAC systems in order to save on running costs. Egypt
is a gas producing country and it is assumed that gas is offered at low prices. Consultants and owners are
switching from using traditional electrical compression cycle equipment to use high initial cost direct fired
absorption chillers in order to save on running costs. The approach sounds appealing; however as engineers it is
our responsibility to provide customers with value engineering for their procured equipment and thus protect
their investments. Building simulation softwar s became very handy as powerful tools to estimate the energy
consumption of various HVAC systems and building energy. Even if the project budget, circumstances and
architecture considerations limit the choice to use a specific HVAC system, and in order to offer a sustainable
design, economic lifecycle analysis should be performed to provide a comprehensive approach over the lifecycle
of the project.
In this research different projects in Egypt and various HVAC systems were modeled and investigated using
building simulation and modeling software at the design stage, and the study was completed with an economic
lifecycle analysis. 
Each building has different characteristics regarding building usage, function, cooling load profile, lighting,
energy prices, bui etc.  Building simulation tools can model
and replicate these factors. Therefore, it is very important to use building simulation modeling all these factors
against different proposed HVAC systems before jumping to conclusions. And thus, develop a complete
understanding for the systems and buildings under design in order to choose the optimum HVAC system design
and select the equipment that will result in achieving significant reductions in building energy use and savings;
in addition to lower carbon emissions and reduced environmental impacts.

Keywords: Building Simulations and HVAC System Selection, Modeling HVAC Systems, HVAC System Selection
and Energy Saving, HVAC Lifecycle Analysis, Emissions Resulting From HVAC and Building Energy Use

1. Introduction
1.1. Overview of energy used in buildings

and factors of consideration 
World total energy production is divided
between the building sector, the industry
sector and the transportation sector. The
building sector consumes 41% of the energy
while the latter two use up 31% and 28%
respectively. As is shown in fig. 1 [1], the
41% consumed by the building industry
reflects 22% being used up by residential
buildings while 19% reflects the usage by
commercial buildings; thus highlighting the
fact that buildings are the dominate energy
consumers on the planet.

Fig. 1. Data Source: US EIA - World Energy
Consumption by Sector 2011

Energy plays a vital role in the development
of world economies, thus creating new
opportunities. A major issue of concern is
that the increasing world demand on energy
accompanying economic growth creates
more pressure on the world supply channels
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and resources along with national and
economic resources. Fig. 2 shows the
estimated projection of energy consumption
by fuel type. According to the US Energy
Information Administration, world energy
consumption will increase by 53% between
2008 and 2035. Likewise, based on the
information obtained from the same
database, energy consumption in Egypt is
also estimated to rise by 67% to 77%
between 2008 and 2035. [2]

Fig. 2. World energy consumption by fuel type,
1990-2035

Fig.3 shows the increase and the expectation
of energy demands for different parts of the
world without imposing energy regulations
and improving energy efficiency especially
among non OECD countries (i.e. Africa,

[3]

Fig. 3. World Energy Demand chart - Source
ExxonMobil Outlook Report 2013-2040

Another major environmental concern is the
water consumption associated with energy
production as shown in table-1. [4]

Table-1 Water consumption in (L/1000kWh) by
type of electricity generation

Power
Generation

Technologies

Efficiency (liters
per 1000 kWh)

Hydroelectric 260

Geothermal 1,680

Solar Thermal 2,970 - 3,500

Fossil fuel
thermoelectric 14,200 28,400

Nuclear 31,000 74,900

Water is heavily consumed during energy
generation. Therefore, with the increase in
energy demands there will be penalties on the
water resources. In other words, there should
be concerns with buildings water footprint
not just from the domestic, process cooling
and irrigation water use perspectives but also
with the water consumed due to buildings
energy consumption associated with energy
production.

Another factor of consideration is the
buildings impact on the climate change.
Buildings are a key player in CO2 emissions
along with other emissions which contribute
to the global warming and greenhouse effect.
Buildings accounts for 35% of the
Greenhouse Gas Emissions in the U.S. [5]

Consequently, when designing new buildings
or retrofitting existing ones energy efficiency
must be addressed as the major concern by
the designer, architect, mechanical engineer,
operator and all others involved in the
building industry. Fig.4 shows the potential
energy savings from efficiency gains. [6]
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Fig. 4. Potential Global Energy Saving from
Efficiency Gains.

1.2. Buildings and sustainability 
Sustainable design or sustainable building is
a hot topic in nowadays building practice.
But what does sustainability really means?

S
method of harvesting or using a resource so
that the resource is not depleted or

. [7]
sustainable, a society needs to meet three
conditions: Its rates of use of renewable
resources should not exceed their rates of
regeneration; its rates of use of non-
renewable resources should not exceed the
rate at which sustainable renewable
substitutes are developed; and its rates of
pollution emissions should not exceed the
assimilative capacity of the environment .[8] 

Comparing the effects the building industry
has on the environment (i.e. resources use,

places a lot of
responsibilities on the people involved in this

the
business is done not to jeopardize the futures
generations and the planet. Each decision to
be taken will affect future generations.

 understand that the
industry can no longer continue with the
same old conducts for constructing buildings.

With the available and affordable
technologies engineers now have the ease of
investigating the effects of selected systems
and materials on buildings allowing the make
of better choices within a reasonable time.

1.3. Why HVAC matters
I  where buildings consume
energy. Fig.5 shows typical building energy
consumption.   HVAC systems contribute to
30 % of energy use in buildings with a
normal range of 22 % or as high as 54 %. [9]

Fig. 5. Typical Building Energy Consumption

1.4. Building simulation softwares;
powerful tools

Each building has different characteristics
(i.e. building usage, cooling load profile,
lighting, building materials, geographic

simulation tools have the capabilities to
model and replicate these factors. 

Simulation software
They are powerful tool for estimating energy
consumption of HVAC systems; along with
evaluating the effect of building material,
envelope, orientation, glazing, and other
considerations that would affect the energy
use and consumption of the building. 

1.5. Energy and engineering
responsibilities

The escalating energy costs are driving
customers and consultants to choose different
alternatives in regard to HVAC systems in
order to save on running costs. Egypt is a
natural gas producing country and it has been
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assumed that using HVAC equipment
utilizing natural gas will result in lower
operating costs. That made consultants and
owners think about switching from using
electrical compression equipment to use gas
direct fired absorption chillers that have high
initial cost hoping to save on running costs. 

The approach sounds appealing; however,
without detailed analysis this would become
very tricky. Engineers have the responsibility
to provide customers with value engineering
for their procured equipment and thus their
investments. Even if the project budget, and
architecture considerations call for a specific
HVAC system, different vendors offering
this specific system should be energy
modeled before selecting equipment based on
initial costs.

In order to offer a sustainable design
economic lifecycle cost analysis (LCCA)
should be conducted to provide a
comprehensive approach over the lifecycle of
the project. Thus it is very important to use
building simulation to model all the HVAC
proposed systems against the factors
affecting building design to recognize their
energy performance before jumping to
conclusion. And hence, develop a complete
understanding of the systems under design in
order to choose the optimum HVAC system
that will result in achieving significant
savings in building energy use.

In this research different projects in Egypt
with various proposed HVAC systems were
modeled and investigated using building
simulation software at the design stage and
the studies were completed with economic
lifecycle costs analysis.

2. Methodology 
2.1. HVAC systems 
There are a huge number of HVAC systems
available worldwide. These systems have
different efficiency, advantages and
limitations. A number of HVAC systems
have been considered for the three case
studies presented. 

HVAC system selection is a very critical
decision to be made. The satisfaction of the
customer and occupant is what determine
whether the HVAC system was a success or
failure. A good designer must be able to
foresee the performance of the intended
HVAC system. 

In addition to that, other factors have to be
considered such as initial cost, operating
costs, load capacity required and the market
adoption of the technologies to be used.

Another important factor is the owner
perspective of the building operation and the
life expectancy of the equipment to be used.

2.2. Life expectancy of HVAC systems
In order to perform the LCCA, the
anticipated life of the HVAC systems
understudy must be recognized. 

The ASHRAE application handbook contains
survey-based estimated service life of HVAC
system components. The data were used to
perform the LCCA presented.

2.3. Data gathering and the building
modeling software

The methodology used in conducting this
research is summarized as follows:
1- Understanding of the cooling load was

developed.
2- Equipment data, catalogues, capacity...etc

of proposed systems were gathered.
3- Information gathered was used to create

the energy models for the building and
systems.

4- The energy model outputs and system
economics were fed into economic
software to develop the LCCA.

In this research two Carrier energy modeling
softwares were used to investigate the energy
consumption of the different proposed
HVAC systems.

The first was Carrier Hourly Analysis
Program (HAP). HAP is three tools in one.
The first tool estimates load and design the
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HVAC systems while the second tool
simulates building energy use and calculate
energy costs. It is also used for generating
LEED reports. HAP uses the ASHRAE
transfer function method for load calculations
and detailed 8,760 hour-by-hour simulation
techniques for energy analysis.

The second energy tool used was the Carrier
Chiller System Optimizer (CSO) developed
for simulating chilled water plants.
Calculations are based on actual data,
including ASHRAE bin weather patterns,
building load profile, occupancy schedules
and auxiliary equipment.

After formalizing a clear understanding of
the building loads, proposed sized equipment
were sent to different vendors for prices and
performance data from their matching
equipment. Gathered equipment data from
suppliers (i.e. sizing, actual load, energy
efficiency...etc.) were fed back again into the
modeling section of HAP or CSO for
performing energy analysis vs. actual
equipment sizing and performance.
 
Then the LCCA was performed using Carrier
Engineering Economic Analysis (EEA)
software. This program performs 4 types of
economic analysis of which:

- Simple payback analysis
- Private sector lifecycle analysis

HAP can export the energy simulation model
to the EEA saving time and minimizing
errors. The equipment initial costs gathered
were fed into the EEA along with the energy
models to perform the LCCA for each case.

2.4. Case study -1; the small office space
Table-2 summaries the assumptions and the
data gathered used in simulating this
building: 

Table- 2 Case study-1 data & design assumptions
Location Cairo, Egypt

Application Type Office Space
Operation Schedule 8 (hr/day) Fri & Sat. Off

Area 427.5 (m2)

Estimated
cooling capacity

84.4 (kW)

Occupancy 86 (persons)

LCCA, Equipment
life expectancy

15 (yrs.) [10]

Electric rate
2013 commercial

tariff [11]

Table-3 is showing the initial cost for the 3
competing brands.

Table- 3 Equipment initial costs for case study-1

Brand-1 Brand-2 Brand-3
Initial Cost

(EGP) 148,475 108,400 100,100

As a rented property, the owner requirements
has limited the HVAC system choice in using
DX split units to condition zones separately.
Prices and catalogues for 3 different A/C
brands were gathered. Table-9 shows the
performance data and comparison for the 3
brands vs. the estimated load required. After
that, the 3 brands have been modeled for
energy consumption using HAP. LCCA was
performed using simple payback method.

2.5. Case Study-2; The WTC commercial
building:

The scope of this study was to compare the
LCCA for two different proposed chilled
water systems (Absorption chillers system
vs. centrifugal chillers system) then decide
which would be the more feasible
investment. 

Table-4 is the assumptions and data as
provided by the project consultant. Initial
costs are provided in table-5 [12].

CSO was used to create the energy model for
the following two alternative systems:
A. Absorption chillers Qt. 3 - each 1407

(kW).
B. Centrifugal chillers Qty. 3 - each 1407

(kW).
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Table- 4 Case study-2 data and assumptions
Location Cairo, Egypt

Application Hotel

Weather data
ASHRAE Cairo

IWEC
Operation schedule 24 (hours)
Estimated cooling

capacity
4220 (kW)

LCCA, Equipment
life expectancy

25 (yrs.) [13]

Electric Rate 0.25 (EGP/kWh)
Natural Gas Rate 0.3 (EGP/m3)

Table-5 Initial cost and estimated annual
maintenance costs absorp. vs. centrif. systems.

Absorption
chillers
system

Centrifugal
chillers
system

Initial Cost (EGP) 8,205,000 6,306,000
Annual maintenance

costs (EGP/yr.) 120,000 102,000

2.6. Case study-3: The 5th District Mall:
The scope of this case study was to calculate
the cooling load, provide system comparison
and identify investment costs for the
following 6 proposed alternative systems
available in the Egyptian HVAC market as
presented in table-6.

Table-6 Equipment estimated initial costs
System Type Estimated Initial

Cost (EGP)
VRF system 8,100,000
Air cooled

chillers system 9,317,000

Water cooled
chillers system 9,500,000

Absorption
chillers system 9,999,999

DX split system 4,500,000
Water cooled
package units 12,000,000

Table-7 contains the design data and
assumptions used in case study-3.

Table-7 Case study-3 design assumptions
Location Cairo, Egypt

Application Mall, Retail

Weather Data
ASHRAE Cairo

IWEC
Operation Schedule 9 to 12 AM (hours)
Estimated Cooling

Capacity
1746.2 (kW)

Air-conditioned area 7,575.7 (m2)

Occupancy 3.72 (m2 /Person) [14]

Lighting Intensity 26.91 (W/m2) [12]
LCCA, Equipment

life expectancy
25 (yrs.)

HAP was used to calculate the cooling, and
then sized equipment was sent to different
vendors for actual equipment performance
and prices. The LCCA was performed after
the energy modeling was created. 

3. Results
3.1. Results for case study-1; The small

office space
The following table-8 is the energy
simulation modeling output results for case
study-1.

Table-8 Simulation results for case study-1

Brand-1 Brand-2 Brand-3
HVAC Elec.

(kWh) 69,908 74,806 77,645

% of HVAC to 
annual energy cost 30.3 31.8 32.6

Annual HVAC
energy cost/ floor

area (EGP/m2)
116.49 124.68 129.43

CO2 emissions
equivalent (Kg)

164,668 168,168 170,196

HVAC annual
energy cost elect.

49,774 53,275 55,304

Non-HVAC
annual energy

cost elect.
114,262 114,288 114,302

Total Annual
Energy Cost 164,036 167,563 169,606
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Fig.6 is showing that using brand-1 will
result in 30.3 % of energy consumed by
HVAC components versus 69.7% by non-
HVAC components in this building. Brand-2
and brand-3 would use 31.8% and 32.6%
respectively of the total building energy. 

Fig. 6 Brand-1 Annual HVAC & Non-HVAC
Costs Totals

Table- 9 Unmet load hours comparison for the 3
brands versus estimated space and zone loads

The comparison in table-9 is between the
equipment of the 3 proposed brands
capacities versus the estimated zones cooling
load. This table is also showing the number
of the unmet load hours using each of the
proposed brands.

The results for the LCCA using simple
payback method are showing that brand-2 is
the winner case over both brands as
presented in table-10.

 

 

 

HVAC 
30 3%.  

Non-
HVAC 
69.7% 

Zone
No.

Space / Zone
Name

Estimated
Cooling
Capacity

(kW)

Brand-1 [15] Brand-2 [16] Brand-3 [17]
Equipment

Gross
Cooling

Cap. (kW)

Unmet
Load
Hours

Equipment
Gross

Cooling
Cap. (kW)

Unmet
Load
Hours

Equipment
Gross

Cooling
Cap. (kW)

Unmet
Load
Hours

1 A/P Broker R. 5.60 6.01 0 6.44 0 6.80 0
2 A/P Delivery R 4.30 4.98 0 5.27 0 5.27 0
3 A/P MGRS 2.70 3.37 0 3.51 0 3.52 0
4 Archive 1 9.40 9.01 0 9.01 0 9.01 0
5 Archive 2 3.10 3.37 0 3.51 0 3.52 0
6 Cashier Room 3.80 3.37 0 3.51 0 3.52 0
7 Facility Mgr. 1.00 3.37 0 3.51 0 3.52 0
8 Meeting R. 2.00 3.37 0 3.51 0 3.52 0
9 PBX 2.50 3.37 0 3.51 0 3.52 0

10 Printing Pool 2.30 3.37 0 3.51 0 3.52 0
11 Reception 4.50 4.98 0 5.27 0 5.27 0
12 Space 1 4.20 4.98 0 5.27 0 5.27 0
13 Space 2 5.50 6.01 0 6.44 0 6.80 0
14 Space 3 4.20 4.98 0 5.27 0 5.27 0

15 Space 4 6.70
6.74 157 6.74 79
6.01 697 6.44 327 6.80 121
8.57 0

16 Server Room 5.10 6.01 3 6.44 0 6.80 0
17 Top T/T Mgr. 2.60 3.37 0 3.51 0 3.52 0
18 Waiting 1 4.10 4.98 0 5.27 0 5.27 0
19 Waiting 2 6.70 6.01 0 6.44 0 6.80 0
20 Waiting 3 4.10 4.98 0 5.27 0 5.27 0
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Table- 10 LCC analysis results for case study-1

3.2. Results for case study-2: The WTC
Commercial Building 

Table-11 represents the energy consumption
comparison and savings by each HVAC
system component understudy.

Table-11 Annual energy use details of chilled
water system components in (kWh) for eclectic
use and (m3) for gas use.
Annual
Energy

Use Det.

Centrif.
System

(kWh/yr.)

Absorp.
System

(kWh/yr.)

Savings

(kWh/yr.)

%
Savings

Chillers 3,382,506 241,728 3,140,778 93%

Cooling
towers 300,146 765,472 (465,326) -155%

Chilled
w. pumps 604,320 604,320 0 0%

Cond. w.
pumps 906,480 1,625,621 (719,141) -79%

Total
Elec. Use5,193,451 3,237,1411,956,310 38%

Natural
Gas Use 0 1,943,122

(m3)
(1,943,122)

(m3) n/a

Table-12 is showing the detailed comparison
of the annual energy cost used by each
component in the systems and the final
energy cost savings in (EGP).

The energy report executive summary in
table-13 is showing that the centrifugal
chillers system has the lowest running cost.

The summary of the LCCA economic study
using the private sector analysis for mutually
exclusive base is displayed in table-14.

Table-12 Annual energy cost detialed results and
comparison between centrifugal chillers system
vs. absorption chillers system
Annual
Energy

Cost Det.

Centrif.
System
(EGP)

Absorp.
System
(EGP)

Savings

(EGP)

%
Savings

Chiller
electric 847,142 60,537 786,605 93%

Chiller
fuel 0 582,937 (582,937) n/a

Cooling
tower 75,173 191,700 (116,527) -155%

Chilled w.
pumps 151,355 151,342 13 0%

Condenser
w. pumps 227,033 407,111 (180,078) -79%

Total
energy

cost
1,300,703 1,393,628 (92,925) -7%

Table-13 Executive summary for the energy
modeling of the centrifugal vs absorption chiller
system

Economic
Criteria

Best System
Design for

Each Criteria

Value
(EGP)

Lowest
Annual

Energy Cost

(A) Centrifugal
System 1,300,703

Table-14 LCCA comparison summary between
absorption versus centrifugal chiller systems
Challenger Base

Case
Additional
First Cost

(EGP)

NPW
Savings
(EGP)

Absorption Centrif.
[Winner]1,899,000 -14,507,986

3.3. Results for case study-3: The 5th

District Mall
The energy modeling results for the 5th

District Mall project in case study-3 are
presented in table-15. 

Challenger Base Case Additional
First Cost

(EGP)

Payback
Period
(yrs.)

Brand-2
[Winner]

Brand-3 7,600 4.0

Brand-1 Brand-2
[Winner]

41,795 n/a
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Table-15 Energy modeling results of case study-3

The comparison in the annual running costs
in (EGP) for the six proposed HVAC systems
are presented in table-16.

Table-16  Annual energy consumption cost in
EGP for case study-3

VRF
System

Air Cooled 
Chillers

Water
Cooled Ch.

Absorption
Chillers

Ducted
Split

Water C.
Units

HVAC elec.
(kWh) 1,270,305 1,603,859 1,451,012 833,914 1,645,923 1,972,066

HVAC natural
gas (m3) 0 0 0 454,079 0 0

HVAC annual
energy cost

(EGP)
914,072 1,154,171 1,044,166 1,044,166 1,184,460 1,419,239

Total annual
energy cost

(EGP)
3,369,681 3,609,840 3,499,790 3,509,631 3,640,127 3,874,949

% of HVAC to 
annual total
energy cost

27.1% 32.0% 29.8% 29.8% 32.5% 36.6%

HVAC annual
energy cost /

floor area
(EGP/m2)

120.67 152.35 137.83 139.16 156 187

CO2 emissions
equivalent (Kg) 3,345,354 3,583,671 3,474,486 3,941,950 3,613,730 3,846,773

System
Component

VRF
System

Air
Cooled

(EGP)

Water
Cooled

Absorption
Chiller

Ducted
Split

Water C.
Units

(EGP) (EGP) (EGP) (EGP) (EGP)
Air System Fans 128,714 128,888 128,886 128,886 105,005 109,476

Cooling 785,124 943,070 634,722 634,722 1,074,555 1,102,306

Heating 234 0 0 0 4,900 1,208

Pumps 0 82,213 206,990 206,990 0 163,590
Heat Rejection

Fans 0 0 73,568 73,568 0 42,659

HVAC Sub-Total 914,072 1,154,171 1,044,166 1,044,166 1,184,460 1,419,239

Lighting 1,281,023 1,281,070 1,281,052 1,281,052 1,281,075 1,281,120

Elec. Equipment 1,174,479 1,174,523 1,174,506 1,174,506 1,174,527 1,174,568

Non-HVAC
Sub-Total 2,455,502 2,455,593 2,455,558 2,455,558 2,455,602 2,455,688

Grand Total 3,369,574 3,609,763 3,499,723 3,499,723 3,640,061 3,874,927
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The results also showed the water cooled
package units manufactured locally were
neither competitive in operating cost nor in
price. It has the highest initial cost among the
proposed systems and it added no value from
the operating cost point of view. Therefore, it
was rejected and omitted from the design and
the economic analysis at early stage.

On the other hand, the DX split system was
dismissed for architectural reasons as having
many condensing units installed on the
building facades.

The two tables (15 and 16) revealed that the
VRF system has the lowest annual operating
cost.

Table-15 displayed that the VRF system has
the lowest HVAC energy cost representing
27.1% of the total energy cost of the
building. In addition to that, the table showed
that the VRF system has the lowest annual
CO2 emissions which are 3,345,354 (Kg) as
estimated by the energy model as shown in
table-15. 

The LCCA was performed only for the four
remaining competing systems. The LCCA
results in table-17 disclosed that the VRF
system is the winner case.

Table-17 the Lifecycle incremental analysis data
for case study-3

Challenger Base Case Additional
First Cost

(EGP)
Air cooled
ch. System VRF [Winner] 1,217,000

Water cooled
ch. system VRF [Winner] 1,400,000

Absorption
ch. system VRF [Winner] 1,899,999

4. Discussion
4.1. Discussion of case study-1
From the table-9, the estimated cooling load
for zone no. 6 was 3.8 (kW). After running

the energy model for the 3 proposed brands,
brand-1 with 3.37 (kW) gross cooling
capacity was sufficient to cover the load
giving 0 (hours) of unmet load. This means
that, it is not always necessary to use bigger
or equal capacity machine to cover and lift
the space load.

Also from table-9, Zone no. 15, with
estimated load of 6.7 (kW), is another strong
example to prove this point. When modeled
against the nominal 24,000 (Btu/hr.) base
unit from the three competing brands; brand-
1 achieved 697 (hours) unmet load;
compared to 327 (hours) by brand-2 and only
121 (hours) unmet load by brand-3. Using 2
(units) from brand-1 3.37 (kW) each resulted
in 157 (hours) unmet load while equivalent
units from brand-2 each 3.51 (kW) resulted
in 79 (hours) unmet load. Thus if the
application is critical and demands 0 unmet

 then the designer have to move to
bigger model when choosing and selecting
equipment to be used. This of course will
reflect on the cost, performance and energy
consumption.

The additional first cost of 41,795 (EGP) for
brand-1 which has the best energy efficiency,
could not be justified over the 15 (years)
expected life of the a/c split equipment.
Therefore, from the economic stand point
brand-2 was the winning equipment. 

4.2. Discussion of case study-2
The LCCA summary in table-14 showed that
the centrifugal chillers system is the winning
system, although first impressions were to
the favor of using gas fired absorption
chillers which was assumed to have lower
operating costs that would offset the initial
cost differences for this project.

4.3. Findings and discussions of case
study-3

The results of the energy simulation and the
LCCA showed that the VRF system is the
wining system among the 6 proposed
systems and would generate the lowest
emission levels. 
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The difference in CO2 emissions between the
lowest two systems in operation is 129,134
(Kg) annually. Considering 20 years of
system operation will result in around
2,582,680 (Kg) of CO2 emission reduction. 

The simulation also highlighted that the gas
fired absorption chillers system is the worst
system in terms of CO2 emissions with
annual operation emissions level of
3,941,950 (Kg). If this system to be deployed
over VRF system, this will increase CO2
emissions by 11,931,920 (Kg) equivalent
over 20 years period. Such figures should be
well-thought-out at decision making.

Fig. 7 Comparison of absorption vs. water cooled
system component costs as a percentage of total
building energy cost

The electric driven water cooled chillers and
the absorption chillers are classified under
water cooled systems. Fig.7 highlights the
pumping power increase associated with the
condensing water side of the absorption
chillers compared to electric driven water
cooled chillers.

In addition to that, the increase in heat
rejection associated with cooling tower fans
adds more energy consumption to absorption
chiller systems.

Therefore, specifying energy saving

with water cooled systems on both
condensing water pumps and cooling tower

fans if  can be tolerated
by the selected system and load profile. Also
the additional price for the VFD  has to be
considered in the economic study though
they are becoming affordable technology
nowadays.

The energy modeling results in table-16
showed that the six competing systems were
very close in terms of operating costs.
Therefore, this did not yield any significant
payback period within the studied equipment
expected life.

5. Conclusion
Each building has its unique characteristics
therefore it should be considered and studied
separately. No generalization should be
conceded without carful study. The
perception and assumptions about certain

should not be taken for granted. 

All project aspects should be considered such
as site location, availability of energy source,
application type and load profile . In
addition, energy prices at project site must be
considered as it differs depending on site
location and utilities provided. Economic
evaluation and LCCA for alternative has to
be made and investigated for accurate
decision making.

It is recommended that no equipment should
be evaluated independently. HVAC
equipment has to be studied as complete
systems. Though the studied cases proved the
opposite about absorption chillers, these
systems still could provide significant energy
savings in other applications than those
examined. To maximize energy savings,
various system arrangements should be
evaluated; for example, the electric chiller
versus absorption chillers or using electric/
absorption hybrid systems.

 design engineers
should provide energy modeling for
buildings and perform LCCA for proposed
HVAC systems and equipment. Also, they
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have to investigate the environmental
impacts of various systems and clarify the
information to clients.

At this point, client  awareness and
involvement is very crucial in order to
understand the differences and the ecological
effects of building systems. This will result
in wiser decisions to be taken not just based
on economics but rather with respect to the
environment and sustainability concerns or as
known as social responsibilities.

The building industry cannot continue to do
business as it used to be. Energy guiding
legislations and codes should be imposed and
enforced. Energy conservation has to be
among the high regional priorities for Egypt.
Energy saving measures and technics has to
be implemented and studied carefully in
order to maintain and sustain the
development of the Egyptian economy. 

In summary, there are lots of new emerging
technologies that should be considered and
explored. Using building simulation tools is
becoming very crucial to model all the
factors affecting building design in order to
evaluate different HVAC systems
alternatives before jumping to conclusions.
Single HVAC equipment should not be
compared separately; whole systems have to
be studied. Systems should not be chosen
based on initial cost only. A complete
understanding of the HVAC systems and
buildings under design has to be made before
deciding the best optimal HVAC solution
that will result in achieving significant
energy reductions, in building energy along
with having lower environmental impacts.
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Abstract: Nanoscience is rapidly developing, and many diverse nano-enhanced applications are emerging with a 
wide range effect on the different fields of technology. Building technology has been one of those fields affected 
by several of the enhancements in Nanotechnology in the past decade.  
This Paper is a study of the relationship between the development of technology and the evolution of the 
environmental design process in architecture, through specifically studying the influence of Nanotechnology on 
specific applications in building technology, that in turn affect the environmental design decisions.  
It is hence the objective of this paper to clarify how the factors and attributes contributing to the design of space 
and building are being affected by the emergence of these environmental nano-enhanced applications.  
Therefore the paper will explore the impact of those newly developed nano-enhanced applications on several 
projects around the world, affecting the internal and external air-quality, thermal comfort and other 
environmental aspects of design.  
The paper will also shed light on how those same nano-enhanced applications could affect the design process 
itself, hence allowing the design of space to be further developed in the future as to be more efficient and to 
fulfill the increasing demand for sustainable design. 

Keywords: Nanotechnology, Design Process, Environmental Design Process 

1. Introduction 
The goal of this study is to facilitate the 
better utilization of Nanotechnology in the 
field of sustainable design through 
understanding the extent of the impact of 
Nanotechnology on the environmental 
design process, and to shed light on the 
relationship developing between this new 
form of technology and Architecture, as to 
inform architects and assist them in their 
role in directing the research being done in 
Nanotechnology as to increase its potential 
benefits. 
This paper is also a step in a bigger body of 
research that is trying to investigate the role 
of Nanotechnology in changing the 
Architectural process and product. 
Accordingly this paper focuses on 
answering the question of: How is the field 
of environmental design in architecture 
being affected by the new materials and 
applications enhanced by the rapidly 
progressive research of Nanotechnology? 
Part of this introduction will hence briefly 
introduce Nanotechnology, Nanomaterials, 
and the enhancements they introduced to 

already existing applications in the 
consumer market, and how in some cases 
novel innovations were discovered. 

1.1. Nanotechnology and Nanoscience 
Nanotechnology includes all technological 
developments on the nanometer scale, 
enabling scientists to fabricate, characterize 
and utilize material structures in the range 
between 1 to 100 (nm) nanometers [1], 
which is one of the measures mostly used 
by scientists performing research in the 
field. A nanometer is one-billionth of a 
meter, and is nearly 80,000 times smaller 
than the width of a human hair as is 
illustrated in fig.1. 

Fig. 1.  A nanowire wraps a beam of light 
around a strand of human hair. A nanometre 
(nm) is nearly 80,000 times smaller than the 
width of a human hair. 
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Nanoscience and nanotechnology are 
considered to be an extension of the field of 
materials science [2] , with applications on 
the scales of micro and nano dimensions 
with research involved with atoms, 
molecules, macromolecules, quantum dots, 
and macromolecular assemblies [3], which 
allows for extended research in already 
existing applications but on new 
unprecedented minute scales, where novel 
properties of materials appear.  

1.2. Nanomaterials  
Nanomaterials are elements that are of a 
size that ranges from around 100nm and 
down to the size of atoms. They have, 
relatively, a larger surface area than the 
same mass of material produced in a larger 
form, the properties of materials can be 
different from those on a larger scale, so for 
instance nanocrystalline copper is five 
times harder than ordinary copper, and only 
exists on the nano level. Moreover, below 
50 nm, the laws of classical physics give 
way to quantum effects, provoking different 
optical, electrical and magnetic behaviors 
[4].  
Due to the increased ratio of surface area to 
volume, certain materials could be 
chemically active although they were inert 
in their bulk-scale counterparts, with silver 
for an example becoming a bactericide on a 
nanoscale [5] . Other optical, mechanical, 
electronic, and electromagnetic properties 
could be enhanced due to controlled 
manipulation of molecules and the surface 
of materials on the nanoscale [6]. 
Other new possibilities in surface-based 
science, such as surface effects such as Van 
der Waals force of attraction between 
molecules, hydrogen bonding, electronic 
charge, ionic bonding, covalent bonding, 
hydrophobicity, and hydrophilicity, are 
altered on the nanoscale, and new, 
previously undiscovered characteristics are 
revealed and made use of through 
enhancing  already existing materials, 
systems, and applications.  
In addition to these enhancements on the 
nanoscale, novel applications were 
discovered through the production of 

nanoparticles, which have a physical size of 
less than 100 nm in at least two dimensions, 
and are deliberately produced rather than 
merely emerging as a by-product of 
activities not targeted for the production of 
these particles. 
Nanoparticles exist in various forms such as 
powders, suspensions, or dispersed in a 
matrix. In theory, manufactured 
nanoparticles can be produced from nearly 
any chemical; however, most nanoparticles 
that are currently in use have been made 
from transition metals, silicon, carbon, and 
metal oxides. Quite a few of these 
nanoparticles have been produced for 
several decades on an industrial scale, but 
vital new materials such as carbon 
nanotubes, fullerenes, quantum dots, and 
graphene have only been developed 
extensively in this last decade[3]. 
In addition to Nanoparticles, 
Nanocomposites were also developed, 
where materials constituents are mixed on a 
nanometer scale, providing even better and 
more superior properties, for instance a 
nanoscale dispersion of sheet-like inorganic 
silicate particles in a polymer matrix is 
superior to either constituent in such 
properties as optical clarity, strength, 
stiffness, thermal stability, reduced 
permeability, and flame retardancy. 
Abalone shell has alternating layers of 
calcium carbonate and a rubbery 
biopolymer, it is twice as hard, and a 
thousand times tougher than its 
components.[7] 
Some of these nanomaterials existed before 
nanotechnology was developed and were 
researched through the work done in 
Microtechnology, yet with the refined tools 
and microscopy of Nanotechnology, 
methods of manipulating and observing 
matter on a nanoscale were enhance, which 
lead to the improvement of the performance 
and characteristics of those nanomaterials. 
However one of the Nanomaterials that 
were discovered clearly through the 
research of Nanotechnology was Carbon 
Nanotubes (CNT). Carbon nanotubes are 
long thin cylinders of atomic layers of 
graphite as illustrated in fig. 2. They may 
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be the most significant new material since 
plastics and are the most significant of 
today’s nanomaterials. [8] 
One of the reasons behind the extensive 
research done in the  Carbon fullerenes is 
that they combined between the special 
nature of carbon, and the molecular 
perfection of carbon nanotubes, which  to 
provides the buckyballs- and tubes -  with 
exceptionally high material properties such 
as strength, stiffness, toughness, electrical 
and thermal conductivity.  [7] 
One Carbon Nano Tube (CNT) fiber 
already exhibits twice the stiffness and 
strength, and 20 times the toughness of 
steel wire of the same weight and length. 
Moreover, toughness can be four times 
higher than that of spider silk and 17 times 
greater than Kevlar fibers used in bullet-
proof vests, suggesting applications in 
safety harnesses, explosion-proof blankets, 
and electromagnetic shielding[3] , and more 
importantly for this paper, applications in 
the construction industry field. 

Fig. 2.  Computer generated rendition 
illustrating the dimensions of single walled 
carbon Nanotubes (SWCNT) and Multi-walled 
Carbon Nanotubes (MWCNT). 

Another interesting nanomaterial developed 
recently by nanotechnology and growing to 
be the focus of researchers since 2009 are 
Graphene layers, illustrated in fig. 3. 
Graphene is an atom-thick layer of carbon 
atoms tightly arranged in a honeycomb 
lattice structure,  with exceptional 
mechanical, structural, and electronic 
properties which had pushed this form of 
carbon to the forefront of academic and 
commercial materials research. [9] 

Fig. 3.  Graphene is an atomic-scale honeycomb 
lattice made of carbon atoms that is showing 
exceptional mechanical, structural, and 
electronic properties, and is being used in the 
development of many products.  

Due to their high conductivity of electrons 
it has been used in the development of 
circuits and electronics, and has been also 
used in the development of efficient organic 
photovoltaic cells. [10] 
Research in the field of Nanomaterials, 
especially of carbon nanotubes, and 
graphene, has great potential in contributing 
to the building technology and architecture, 
as will be discussed in the upcoming 
sections of this paper. 

1.3. Nanoenhancements  
Nanotechnology has allowed for the 
enhancement of many already existing 
applications and hence is developing a wide 
range of consumer products being produced 
on a mass market scale. Some of those 
products that will be mentioned in this 
section might not appear to have a direct 
relationship with building technology; 
however they could be made use of, if 
proper awareness was promoted within the 
architectural field. 
Some of these developments are observed 
in cosmetic products, such as sunscreens, 
which used Titanium dioxide (TiO2) 
nanoparticles that have high UV protection 
properties when compared to its bulk 
material, and loses its cosmetically 
undesirable whitening effect as the particle 
size is decreased. [11] 
Also Nanotechnology has led to the 
development of more efficient Organic 
Light Emitting Diodes (OLED) that have 
been used in OLED TV screens that have 
been in the market since 2008, which are 
thinner and lighter in weight. 
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OLED films have also been developed to be 
used to manufacture light emitting 
wallpaper that requires a very low operating 
voltage that is between 3 to 5 volts, but thin 
enough to be incorporated in wallpaper 
applied on internal walls for finishing. [12] 

Fig. 4.  Light emitting wallpaper using OLED 
produced by Lomox Limited. 

In a china-based study, “nano raspberry- 
shaped” particles were developed to help in 
preventing fogging on glazed and plastic 
surfaces permanently, which led to 
developments in the production of more 
efficient anti-fogging helmet visors for 
motorcycle rides and sport goggles for 
swimmers and snowboarders. [13] 
Another application that was tested by the 
South African Bureau of Standards is the 
idea of a small satchel that contains nano-
scale antimicrobial fibers that filter out 
contaminants and microbes, and also 
contains granules of activated carbon that 
kill any bacteria in the water, which 
cleanses the water as soon as the sachet is 
put into the bottle of water. [15] 
Fabrics treated with (Ti02) and (MgO) 
nanoparticles with high photocatalytic 
properties that can break down harmful 
chemicals and biological agents, have 
gained water repellent, and air filtering 
qualities[16]. Also unprecedented 
properties of textile performance regarding 
stain-resistance, hydrophilic, anti-static, 
wrinkle resistant and shrinkproof have been 
achieved through nanotechnological 
enhancements and treatments to the fabrics. 

Fig. 5.  Carpet produced by Nanolia Textile 
with waterproof properties. 

In the field of energy, nanotechnological 
developments have assisted in lowering the 
cost of the production of photovoltaic cells, 
and helped in improving the efficiency and 
storage capacity of their batteries. [3] 
In the field of health, and though research 
in Nanotechnology, diagnostic tools with 
ultra-sensitive labeling and detection 
technologies have been developed to allow 
the detection of the viability of certain 
bacterial cells. [17] 
Nanotechnology has also led to 
advancements in the field of research of 
Quantum dots, which are like artificial 
atoms, and have structures of 1 nm that 
consist of tiny groups of atoms that act 
together as a single atom [18].  
Quantum dots could be made of the atoms 
of materials such as silicon, capable of 
confining a single electron, or a few 
thousand, with energy states that can be 
controlled by applying a given voltage. 
These quantum dots are currently being 
used in developments that range from the 
field of medical imaging that is helping in 
pinpointing cancer cells to cure them, to the 
field of LEDs as shown in fig. 6. [19] 

Fig. 6.  Quantum dots, depending on their size, 
emit light at different frequencies. 

2. Methodology 
For this paper to understand the impact of 
Nanotechnology on the environmental 
design process, it will first analyze how the 
previously mentioned information in the 
introduction regarding Nanomaterials and 
nanoenhancements, and classify how they 
are currently being applied in the building 
technology field.  
This paper will also analyze four 
architectural case studies to understand the 
impact of these applications and materials 
enhanced on the nanoscale on their final 
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design outcome and the environmental 
design decisions made by their architects.  

3. Nano-enhanced applications in 
Building Technology 

This paper has classified the manufactured 
Nanomaterials and treatments playing a role 
in enhancements in building technology 
into the following sections. 

3.1. Concrete production and treatment 
Carbon nanotubes are being used as a proxy 
for polymeric chemical admixtures, 
improving the mechanical durability by 
gluing concrete mixtures; cementitious 
agents and concrete aggregates, to prevent 
crack propagation. [20] 

Fig. 7.  Concrete pavement. 
Inset: Scanning electron microscope (SEM) 
image of added Carbon nanofibers 

Nano and microscale sensors and actuators 
are implanted in construction structures for 
accurate real-time monitoring of 
material/structural damage and health (e.g., 
cracking, corrosion., wear, and stress) and 
environmental conditions (e.g., moisture, 
temperature, and smoke). [20] 
SiO2 and Fe2O3 nanoparticles are being 
used as filling agents to pack nano- or 
micropores that concrete develops due to 
cement hydration.  
Also to enhance the mechanical properties 
of concrete, SiO2 and Fe2O3 nanoparticles 
are being incorporated with fly ash as a 
cement replacement. [20] 
Addition of magnetic nickel during 
concrete formation increases the 
compressive strength by over 15% as 
magnetic interaction enhances mechanical 
properties of cement mortars. [20] 

3.2. Steel-treatment 
Copper nanoparticles mitigate the surface 
roughness of steel to promote the 
weldability and render the steel surface 
corrosion-resistant. [20] 

Fig. 8.  Steel bridge in California, USA. 
Inset: Scanning electron microscope (SEM) 
image of Copper nanoparticles. 

Also Uniform nanoscale dispersion of metal 
alloyed with carbon or nitrogen, through the 
steel matrix strengthens steel against creep 
deformation by 2 orders of magnitude. [20] 

3.3. “Lotus-effect” Surfaces 
Nanotechnology allows for the creation of 
rough surfaces on a microscopic scale, 
mimicking leafs of the Lotus plant that 
grow in waterways of Asia shown in fig. 9. 
The lotus plant leafs are rough on a 
microscopic level rendering its surface with 
hydrophobic characteristics, where the 
rough water-repellent surface doesn’t allow 
for water droplets to settle or stick, and thus 
trickle off the leaf taking the dirt with it. [7] 

Fig. 9.  Water droplets rolling off the surface of 
a lotus plant leaf due to the superhydrophobic 
properties attained because the surface of the 
leaf is covered with high knobbles with sizes 
that range in the micro and nano scale. 

“Lotus-Effect” used in self-cleaning is 
highly beneficial in areas where enough 
amounts of rain water exist. It has been 
used in treating glass, cladding and roof 
tiles, but not floor finishing materials, as it 
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For indoor spaces, products such as 
curtains, fabrics, carpets, and certain types 
of paints have been developed. However 
such treatment needs to be ventilated as 
CO2 is a byproduct of this air-purification 
function, and also fresh air is needed to 
prevent any mould formation. [7] 
Other applications for outdoor finishing 
products that use photocatalysis are 
concrete-based material that have been 
introduced to reduce pollution. 
In Europe, the EU funded research project 
“PICADA” – Photo catalytic Innovative 
Coverings Applications for Depollution 
Assessment- that test installed and piloted 
projects, that demonstrated that pedestrians 
walking in treated vicinities could breath 
from 20% to 80% less pollutants due to 
such applications. [21] 

3.8. Vacuum insulation panels (VIPs) 
Vacuum gaps have high thermal resistance 
levels and has been used since the 1950’s 
for thermal insulation. 
At only 0.005 W/mK, the thermal 
conductivity of VIP’s is extremely low. The 
Thermos Flask with its cylindrical form had 
the optimum shape to withstand the high 
pressure required to create the vacuum. To 
create flat VIPs however, nanotechnology 
was used to create a porous filling of a 
nanoscalar porosity of 100nm, that needs 
considerably less pressure force for air 
evacuation, which the flat panels could 
withstand, with a filling of a thickness that 
ranges from 2nm to 40nm. However, panels 
had to be standardized to be hermetically 
weld-sealed as to keep the vacuum unfilled 
for the panel to act properly. [7]  

3.9. Nano-enhanced Aerogel (Nanogel) 
Aerogel consist mainly of air - between 
95% to 99.9% - trapped in the foam 
material mainly made of silicon dioxide 
also known as silica. Nanotechnology 
assisted in developing pores of dimensions 
of mean sizes of just 10 nm, allowing for 
very low coefficient of thermal conductivity 
of just 0.018 W/mK. which is more 
efficient in its thermal insulation, and has 
the added value of sound insulation [22] 

Fig. 12.  Translucent nanogel granules before 
being injected in the cavity of a double glazed 
partition. 

Another added value of it is it being 
translucent, hence dispersing the glare of 
sun light passing through the aerogel 
injected windows into evenly spread light. 
It is extremely durable as no discoloration 
due to light occurs due to its hydrophobic 
property, and moisture and mold are not an 
issue for it. 

3.10. Nano-enhanced Phase Change 
Materials (PCMs) 

PCMs depend on postponing the effect of 
the external temperature on the internal 
temperature of a building by using a buffer 
material, which could be 1 mm in thickness. 

Fig. 13.  Close up of Crystallization of a salt 
phase change materials embedded in glazing. 

Those PCM buffers are made of paraffin 
and salt hydrates such as those shown in 
fig. 13, their globules are of a size between 
2nm to 20nm, and are enclosed in plastic 
sheathing, where they melt through the high 
temperature of the morning, postponing the 
increase in the internal temperature, and 
then solidifying through the night’s lower 
temperatures thus heating the building, and 
buffering the external temperature around 
the day and night. [23] 
PCMs can come in the form of panels or 
additives in plaster, or aerated concrete 
blocks, 1mm of which is better than 10-40 
mm of concrete, in regulating a 5 ºc 
increase in temperature. [7] 
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3.11. UV-Protection 
Nanotechnology has facilitated the usage of 
nanoparticles of titanium dioxide (TiO2), 
and zinc oxide (ZnO), and Ceroxide (CeO), 
which if are produced in a size that is less 
than 15nm in size become transparent and 
thus more usable for UV protection. 
Existing lacquers are already in use, and are 
progressively being developed, as is shown 
in fig. 14. that shows a transparent varnish 
using (ZnO) nanoparticles.[24] 

Fig. 14.  Electron microscope image of UV-
absorbaent zinc oxide particles contained 
within clear varnish 

Two main approaches have made use of 
such properties, one is applying a 
transparent film to filter UV rays and keep 
the material, and the other is to impregnate 
the material itself with elements that 
convert the free radicals produced through 
the materials degeneration into inert 
compound. Both approaches use organic 
components, which themselves degenerate 
leading to the decline of state of the 
material that needs protection. [7] 

3.12. Solar Gain Protection 
Electrochromatic and photochromatic 
solutions have been used for some time to 
darken glazed surfaces as to protect against 
solar gain. Nanotechnology has caused 
enhancements in both, be increasing their 
performance. 
However in the case of electrochromatic 
surfaces, super-thin nanocaoting was used 
to permit differentiation in opacity with use 
of minimal energy, to switch from 
translucency to transparency, and not 
needinh a constant electrical feed. Also 
color irregularities have been diminished 
extensively, hence increasing efficiency of 
the panels, and the degree of shade could 
also be more precisely controlled. [7] 

3.13. Fragrance Microcapsules 
Although these capsules are micro in size 
yet nanotechnology was used for their 
development, which enabled the creation of 
the capsules which hold the required 
fragrance that could be released in certain 
conditions, allowing the architect to use the 
fragrances to further control the experience 
of the user. Fabrics and leathers are the best 
candidates for such applications. [25] 

3.14. Photovoltaic Cells 
Nanowires, Nanocrystals, Nanostrucutred 
materials, and other nanomaterials and 
nanocomposites are playing important roles 
in enhancing photovoltaic cells, developing 
solar absorbers, electrodes, or transporting 
or storing the electric charge.  
Also certain studies are carried out to 
develop silicon  which is the material used 
in the overwhelming majority of solar cells. 
One of the significant breakthroughs made 
in this branch is the development of organic 
photovoltaic cells (OPVC), where organic 
polymers or small organic molecules are 
used instead of silicon for light absorption 
and charge transport. 
In 2010, in the University of Southern 
California, a team produced a flexible 
transparent carbon atom film that the 
researchers say has great potential for a new 
breed of solar cells, which uses such 
(OPVC). This film has been developed due 
to the research done in the field of 
Graphene [26] 
Researchers reported the implementation of 
continuous, highly flexible, and transparent 
graphene films obtained by chemical vapor 
deposition (CVD) as transparent conductive 
electrodes (TCE) in organic photovoltaic 
cells, one of the reasons of their success is 
the continuous nature of the CVD graphene 
films, which led to minimal surface 
roughness ( 0.9 nm) and substantially 
decreasing sheet resistance with 
transparency at 72% [27] 
This indicates the exceptional potential of 
CVD graphene films for flexible organic 
photovoltaic applications. 
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The power provided by sunlight on a sunny 
day is about 1000 watts per meter square, 
and for every 1000 watts of sunlight hitting 
one square meter area of the standard 
silicon solar cell, 14 watts of electricity are 
generated. However organic solar cells on 
the other hand are less efficient; their 
conversion rate for that same 1000 watts of 
sunlight in the graphene-based solar cell is 
only 1.3 watts. [27] 

4. Case Studies 
In 2006 in Ara Pacis Museum, in Rome, 
Italy, Richard Meier & Partners used the 
self cleaning coating, the paint was 
integrated as to not take away from one  of 
the most unique characteristics of Meier’s 
Architecture, namely; the white clean 
façade treatment. By doing so applying the 
self-cleaning lotus effects was 
demonstrated to be architecturally 
acquirable, and thus keeping the white 
cladding clean and well-maintained in 
heavily polluted cities.  

Fig. 15.  Ara Pacis Museum, in Rome designed 
by Richard Meier where nanocoating was used 
to maintain his well known clean white masses. 

The Photocatalysis characteristic has been 
made use in several projects around the 
world, and was used extensively in 2005 in 
the Muhammad  Ali Center (MAC), in 
Louisville, Kentucky, USA. The architects 
Beyer Blinder Belle Architects & Planners 
LLP had the façade of the building 
completely covered with a mosaic of tiles 
of 30x60 cm that from afar depict the 
intriguing stances of the Muhammad Ali 
while boxing, a thing that needed a clear 
and always clean façade, which would 
accordingly lead to high maintenance costs. 
Therefore the photocatalysis treatment of 
the material was baked onto the glaze of the 
tile, giving the designer the freedom to 

choose which tile to put where. And since 
the treatment was permanent, no 
maintenance or reapplying of the 
photocatalytic material was needed, making 
the effect indefinitely durable. 

Fig. 16.  The building was able to elevate the 
burden of pollution from the surrounding areas, 
as it was calculated that 1,000 m² 
photocatalytic surface was equivalent in its 
effect to 70 medium sized deciduous trees. 

In Freiburg, Germany, VIPs were used in 
2006  in the Sonnenschiff centre - a mixed 
use residential and commercial centre - 
which is an environment friendly building 
that makes use of solar , wind and 
geothermal energy, and the VIPs allowed 
for better insulation for the walls, windows 
parapets, and ventilation flaps. The VIP 
panels with their thickness provided the 
building with thermal insulation that is 10 
times better than any other panel. 

Fig. 17.  The Sonnenschiff uses VIP’s to 
increase thermal insulation, and decrease the 
consumption of the clean energy produced on 
site. 

One of the of the examples where nanogel 
injected panels were used was in 2005 in 
the County Zoo of Milwaukee, Wisconsin, 
USA, where Zimmerman Design Group 
developed the big cats building with a 
nanotreated, aero-filled glass-panelled roof 
of approximately 840 square meters, that 
allowed for natural light which is important 
for the animals, yet achieved high thermal 
performance for the building respecting the 
energy \ efficiency legislations. 
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Fig. 18.  Nanogel injected roof panels allow 
sun rays to light the place without heating it up. 

5. Results 
In the previous analysis of case studies, it 
was noticed that the presence of nano-
enhanced applications was minuscule and 
nearly invisible.  
Insulation panels, façade treatments, and 
double glazed opening have been used as 
has been before, however in that minute 
level of nanoscale, new attributes have been 
acquired, and performances enhanced. 
Indicating that the largest contribution of 
Nanotechnology in the environmental 
design process is that through the 
development of materials on nanoscale it 
allowed for a new stage of design. 
Architects along with scientists through this 
new stage of design are able to develop 
treatments and\or applications that fit the 
specific need of an architect, therefore 
enhancing efficiency of the performance of 
the building along with its form and spaces. 
Also after studying the impact of nano-
enhancements and the methods by which 
they are used in buildings around the world, 
this paper deducts that the environmental 
benefits gained from the usage of one or 
several of the Nanotechnological 
application in environmental design could 
be classified into the following twelve 
fields: 

1. Performance optimization of existing 
applications and materials, 

2. Increasing life span of materials and 
buildings through the improvement of 
mechanical durability of structural 
elements, 

3. Decreasing materials consumption 
through improving the structural 
performance of materials, 

4. Increasing damage protection of 
materials surfaces, 

5. Enhancing information gathering 
techniques through nano sensors that 
allow for more precise structural and 
environmental calculations, 

6. Decreasing maintenance and\or 
operation upkeep costs through usage of 
self cleaning treatments, 

7. Decreasing running cost of HVAC 
systems through efficient insulation 
treatments and thermal control 
materials, 

8. Improving internal and external air 
quality by using air-purification 
treatments, 

9. Decreasing energy consumption 
through the usage of efficient 
applications and systems, 

10. Increasing the efficiency of clean 
energy production through the 
enhancements of PV cells, 

11. Reduction of material weight through 
precise production methods,  

12. Reducing volume of building materials, 
hence increasing usable floor space. 

Those benefits could be achieved singularly 
through the usage of one nano-enhanced 
application, or simultaneously using a 
composition of several applications.  
From the previous study it is also clearly 
visible that with the addition of researchers 
and scientists from the field of 
Nanotechnology to the list of parties 
involved in the project design process, new 
applications and methods of enhancing 
sustainable design could be explored.  
Finally, as could be expected, it is also 
deducted that with the appropriate 
promotion of the environmental benefits of 
nanotechnology in field of architectural 
design, a more informed use of nano-
enhanced applications could be conducted 
by architects along with scientists.  
That could in turn help architects help 
direct the research sector towards the 
development of modified intelligent nano 
treatments that could achieve several of the 
previously mentioned benefits through one 
multifunctional application, or even newer 
unprecedented applications. 
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6. Discussion 
The potential applications developed by 
nanotechnology could achieve 
environmental gains that are beyond the 
benefits currently realized. 
Maximizing the benefits from the 
exceptionally precise manufacturing and 
material manipulation procedures is 
required as to be able to save our planets 
resources through decreasing waste of 
manufactured materials to the absolute 
minimum. 
For instance developing easily finished 
surfaces such as reinforced concrete that 
could be immediately used without 
finishing materials, could save not only in 
the budget allocated for building materials 
used, but it also could save space due to 
obtained extra height of the floors that 
would accumulated. 
Others studies should be made to 
amalgamate intelligently the many 
applications made possible in the field of 
building envelope features, such as self-
cleaning, hydrophobic and photocatalytic, 
and energy generating surfaces, whether 
being in cladding or glazing, as to create 
more intelligent environmental treatments. 
Exploring how each of the previously 
mentioned benefits could be developed is 
the next step in the upcoming research to be 
carried out by this researcher. 
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Abstract: Current field of education for architectural design enhances the prospect of conceptual
design. Encouragement should be made to integrate adequate details for integrating sustainable

tional organization to
standardize solar energy consumption. Varying Computer based tools are created to highlight the
Building Efficiency criteria. Students among the application of these tools experience the
technological aspects of engineering referring to standardized parameters parallel to design
progress. Investigation is processed with application of customized tool for photovoltaic analysis.
The research will present the measurements taken by groups of students for the tool perception and
secondly the comparison between the product in terms of sustainable effectiveness. However this
paper argues for the current need to train architecture students and young practitioners on using
software efficiently in order to understand the extent of beneficiary consumption of solar energy
and photovoltaic prototyping. The result should indicate how positively this application of tools
would affect further design decisions regarding integrating the building under study within the
surrounding built environment.
 
Keywords: Environmental Design Education, Photovoltaic Design Implementation, Tool

Application

1. Introduction

Current field of education for architectural
design enhances the prospect of conceptual
design. Encouragement should be made to
integrate adequate details for integrating
sustainable effects on design workshop
products. The role of higher education as a
mean of introducing new generations of
architects and other professionals of the built
environment to the principles and practices of
sustainable environmental design is highly
significant.  There are several possible
approaches to developing a curriculum for
sustainability oriented environmental design.

One of the approaches, to support the
implementation of sustainable environmental
design in academic curricula and professional
training, is by building a workshop to make
students expertize the technological aspects
of engineering referring to standardized
parameters for solar energy consumption
parallel to design progress. Measurements are
to be taken for the computer tool perception.

This application would affect further design
decisions, regarding integrating buildings
under study within the surrounding built
environment.

The need for an energy design tool for
architects in early design decisions made in
the conceptual phase of architectural design,
have the greatest impact on building
performance outcomes, as they determine the
flexibility, effectiveness, and efficiency of
the design solution [1]. [1].1

During this earliest stage the general form,
orientation, and construction of the building
are defined, from which all subsequent
decisions are derived [2].2Consequently,
while these decisions initially provide
direction for the project, they simultaneously
generate constraints that become difficult and
costly to alter as the design progresses
[3].3This can jeopardize the viability of a
project if a poorly made decision needs to be
rectified late in the design.
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Frequently, these early decisions are based on
information that is complex, incomplete, and,
at times, incorrect. Design solutions are often
guided by experience and intuition, rather
than based on quantitative prediction of
multidimensional performance indicators
such as operating costs and energy
consumption [4].4

While these decisions have implications for
all disciplines involved in the design, the
decision-making process is conventionally
led primarily by architects, usually without
an adequate decision support environment to
effectively evaluate multidisciplinary
criteria[5].5 Choices are often made with
limited comprehension of the impacts that
alterna
performance[6].6

 
Varying Computer base tools are created to
highlight the Building Efficiency criteria, and
students among the application of these tools
experience the technological aspects of
engineering referring to standardized
parameters parallel to design progress [7].7

2. Design Intentions

organization to standardize solar energy
consumption. Implementation of various
simulation tools have been implemented
within design stages as cited in previous
research. The project will be used to survey
and assess existing sustainable environmental
design programs, generate a framework for
sustainable design education of current and
future building and landscape professionals,
and assist the Board with dissemination of
the resulting sustainable design curriculum.
This project seeks to fundamentally change
the existing paradigm for environmental
design education that has limited the
imagination and understanding of designers
for the natural processes underlying
environmental design. The benefits of this
project will ultimately contribute to
designers, owners, and operators who achieve
higher efficiencies and reduced waste in

energy, materials, and water cycles in their
buildings and landscapes. 

A study was carried out to investigate the
capabilities of computer aided design
software for the visualization of building
elevations and detail, with focus on the
representation of photovoltaic (PV) cells in
facade architecture. The development of PV
technology, converting energy from sunlight
into electricity, has resulted in the emergence
of PV as a building material. This has
generated much debate on the aesthetic
implications of PV integrated buildings. PV
introduces a particularly complex set of
requirements not present in traditional
cladding materials.

Methods of modeling PV panels were
explored. A detailed geometric model of a
PV panel was created and rendered then
compared to a model produced using simpler
geometry and material mapping techniques.

The paper highlights the importance of
integrating more tangible and calculation
aspects side by side to design and simulation
application, in order to add to the efficiency
of the final design product. It will present the
measurements taken by groups of students
for the tool perception; moreover, a
comparison between their products in terms
of sustainable effectiveness will be reviewed.
However this paper argues for the current
need to train architecture students and young
practitioners on using software efficiently in
order to understand the extent of beneficiary
consumption of solar energy and photovoltaic
prototyping. 

3. Methodology

Sustained interest in PV clad buildings is
being shown from architects, building
engineers, building developers, clients and
owners of buildings, who each have a need to
visualize proposed designs. In order to
achieve the stipulated aim, the study
presented in this paper, traces the several
steps.
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First of all, a description for the passive and
active strategies provided within existing
building built environment. Secondly, a
citing for the required energy consumption
criteria would help reaching a higher degree
of efficiency. In addition to applying steps
demonstrated within the simulation tool in
order to assess the performance of the
prototype in terms of PV design and energy
consumption, andria PV Group
used. Finally, the prototype produced defines
a new standard of sustainable design
excellence after the proposed integration of
PV elements to generate energy.

4. Prototype Built Environment
In order to gain a better understanding of this
construct of the building and its envelope, the
environmental surroundings have been
investigated highlighting the following major
aspects:

Thermal Zones: are used as the geometric
construct rather than rooms, characterized in
terms of shape, orientation and program, and
grouped and positioned to minimize thermal
loads that require mechanical offsetting to
maintain interior comfort.

Construction Types: are selected and
located according to their conductance to
moderate the energy flows between thermal
zones and the external environment.

Glazing and Skylights: are selected and
positioned to permit natural light internally
while avoiding undue solar heat gain.

External Shading: is positioned to shield
glazing and highly exposed external walls
from excessive solar radiation.

Internal Heat Gains for Occupancy,
Equipment and Lighting: are determined
for each thermal zone by both a load and a
schedule of operation associated with the
allocated program, which are derived as
constant values from building codes and
rating scheme guidelines.

HVAC systems: are chosen in
collaboration with a mechanical engineer, in
order to determine the type of system best
suited to the building form and function and
the architectural implications of this system,
then set as a default, to maintain focus on the
performance impacts of the architectural
decisions.

Weather and surrounds: are independent
of the building, and set as constants
throughout the performance evaluation.

The performance impacts of these seven
parameters are highly interdependent, and
must be recognized as a dynamically
interconnected system if they are to be
evaluated adequately. Although it has been
shown that performance outcomes are
particularly sensitive to the factors of
orientation, window area, wall construction
and roof properties [8]8, it is vital to
recognize that simulation results will not
directly point to a single building element to
adjust for better results [9].9 Rather, all
parameters must be considered in
combination to gain a complete
understanding of building performance.

5. Prototype Description

The Beheira High Institute of Engineering
and Technology, BHI, is an existing building
structure which presents a good modeling
prototype for implementing the solar design
criteria. The students can easily define all
elements involved and tangibly expect and
evaluate results. five-story educational
building occupying four departments, in
addition to a ground level for common
administrative functions. The site plan of the
prototype is shown in the Fig. 1
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Fig. 1. Prototype Site Plan

The design of facades in the buildings and
the associated heat transfer is quite crucial for
the energy performance of the whole
building. 

However techniques to reduce possible

therefore it is extremely important to
accurately calculate the energy impact of
these techniques.

5.1.  Building Mass
Environmental Systems Performance which
models all heat and mass flow paths and
flow-path interactions within the building and
between the building and the heating/cooling
plant and its control system. Output, in the
form of time-related graphs gives the
designer an insight into how design decisions
on building shape, construction, fenestration
and plant-control, impact upon energy
consumption and comfort quality.

5.2. Building Envelope
In this approach, it is important that
architects recognize the building envelope as
being either a barrier or a filter (or a
combination of both) moderating the effects
of weather, surroundings, and internal
occupancy. The objective is then to design a
building envelope that offsets as much of the
energy transfer through it as is appropriate,
responding to and accommodating variations
in external and internal conditions.

5.3. Fenestration
Studies have been made regarding the
development of a genetic algorithm which is
capable to optimize the opening areas,
glazing properties and shading
configurations on the basis of minimum
energy consumption- and then to design
automatically simplistic alternative scenarios
of the building façade.

The design problem concerns the existing
window size, glazing thermal and optical
properties and shading factor for the BHI
build module. The
simplest method to predict energy savings
due to daylight is to assign a single annual
figure for lighting energy use. This is
accomplished by estimating a cumulative
frequency distribution of illuminances for a
point (or on average) in the interior. This is
difficult to be performed on hourly basis for
the typical meteorological year. Thus a more
simplified procedure is followed, using a
monthly cumulative frequency distribution of
the exterior horizontal illuminances. By
multiplying with the average daylight factor
[10], interior cumulative frequency
distribution can be estimated. Although the
method is simple, the multiplication implies
that the sky is considered as overcast all year
long thus the result somehow represents a
worst-case scenario. Sunlight is excluded
indeed [11].10

These tools can be used as a pre-design tool
to assess the potential of the design, avoiding
lengthy input process and time-consuming
calculation. The building is a middle-size
office building with office modules aligned
on two façades, separated by a central
corridor, with staircase/service spaces at both
ends of the building. 

5.4. Roof Construction
Solar Constant varies according to the
specific location on earth and its
atmospheric conditions. Sun Angle is the
angle of the sun to a horizontal flat surface
at that location. 
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5.5. Skylight Design
These techniques, aiming at increasing direct
gains and daylight during the winter period,
should make use of shading devices or
window size to avoid overheating during the
summer period while at the same time day
lighting levels should be maintained.

5.6. Shading Devices

Currently the building external envelope is 
provided with elevated openings and vertical
barriers, providing natural shades enhanced
via building orientation as shown in figure 2 
for shaded facades.

 
Fig.2. Façade Shading Devices 

5.7 Electrical Energy needed for 
Lighting and Appliances 

It is important to examine the power
consumption and reduce power needs as
much as possible. First by identifying large
and/or variable loads (such as water pumps,
outdoor lights, electric ranges, AC
refrigerators, clothes washers, etc.) and try to
eliminate them or examine alternatives such
as propane or DC models. The initial cost of
DC appliances tends to be higher than AC,
but avoid losing energy in the DC to AC
conversion process, and typically, DC
appliances are more efficient and last longer.
Replace incandescent fixtures with
fluorescent lights wherever possible.
Fluorescent lamps provide the same level of
illumination at lower wattage levels. If there
is a large load that you cannot eliminate,
consider using it only during peak sun hours,
or only during the summer. Revise Load
Sizing Worksheet now with the optimized
results as per figure 3

Step 1: Calculate your AC loads. If there are
no AC loads, skip to Step 2, "Calculate your
DC loads".

1. List all AC loads, wattage and hours
of use per week (Hrs. /Wk.) in the
spaces below.

2. DC watt hours per week. Multiply
total of step 1 by 1.2 to correct for
inverter loss.

3. Inverter DC input voltage; usually 12
or 24 volts

4. Divide line 2 by line 3. This is total
amp hours per week used by AC
loads.

5. List all DC loads in the spaces below:
6. DC system voltage. Usually 12 or 24

volts. (Same as point 3)
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Step 2:
 Balance-of-System (BOS) Requirements 
1. A voltage regulator is recommended unless 
array output current (at 1000 W/m^2 
conditions), less any continuous load current, 
is less than 5 % of the selected battery bank 
capacity (at the 8 hour discharge rate0). 
2. Wiring should be adequate to ensure that 
losses are less than 1% of the energy 
produced. 
3. In low voltage (i.e., less than 50 volts) 
systems, germanium or Schottky 
blocking diodes are preferred over silicon 
diodes. 
4. Fuses fuse holders, switches, and other 
components should be selected to 
satisfy both voltage and current requirements. 
5. All battery series branches should contain 
fuses. 
6. Fused disconnects are strongly 
recommended to isolate the battery bank 
from 
the rest of the system. 
7. Refer to electrical and mechanical design 
sections for other considerations. 

Step 3: Array Sizing worksheet used for
standardized modular cells in tale 1.

Table1. Array Sizing Worksheet

5.8 Battery Sizing:

The first decision you have to make is how
much storage you would like your battery
bank to provide. Often this is expressed as
"days of autonomy" because it is based on
the number of days you expect your system
to provide power without receiving an input

charge from the solar array. In addition to the
days of autonomy, you should also consider
your usage pattern and the critical nature of
your application in table 2.

Table2. Battery Sizing required

 If you are installing a system for a weekend
home, you might want to consider a larger
battery bank because your system will have
all week to charge and store energy.
Alternatively, if you are adding a PV array as
a supplement to a generator based system,
your battery bank can be slightly undersized
since the generator can be operated if needed
for recharging. Once you have determined
your required storage capacity, you are ready
to consider the required key parameters in
table 3.

BATTERY SIZING 
DDOD 

(decimal) 0.5 
T-B-A-C(amp-

hr.) 1500 

ADOD(decimal) 0.8 
T-kWhr-
C(kWhr) 72 

RBC 1041 ADDOD 1 
A-H-C 500 MABCR 167 

N-O-B-I-P 3 Days of Storage 0.5 
Volt per 

Battery Cell 12 

  

# of Batteries 
in Series 4 

# of Batteries 12 
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Table3. Battery Sizing parameters

5.9  Array Sizing

Sizing can be determined through the derived
data stored within the system and updated
values related to previous AC / DC
calculations.

Table 4. The proposed standalone paneling

5.10  Assessment for the Produced
Prototype

Since the specifications (in our case room
dimensions and walls thermal and optical
properties) have been set, the energy
consumption for heating, cooling lighting is
evaluated. If this specification is not satisfied,
the initial design is modified and re-
evaluated. 

The whole procedure is repeated until the
design fulfills the initial demands. This is
more or less a trail & error method and
despite its simplicity, processing time can be
huge since all possible variations have to be
examined.

6 Results

The research team considered that it was
sufficient to simply generate a prototype
implementation of the coding for each model,
but also it was necessary to investigate the
validity and usability of the software in the
context of life design projects. The problem,
however, was the reluctance of architectural
practices to invest the effort in climbing the
steep learning curve towards competent
usage of the models.

The following charts which show ratings that
reflect the number of hours of full sunlight
available to generate electricity were
provided. 

The solar array's power generation capacity is 
dependent on the angle of the rays as they hit
the modules. Peak power occurs when the
rays are at right angles or perpendicular to
the modules. As the rays deviate from
perpendicular, more and more of the energy
is reflected rather than absorbed by the
modules. Depending on the application, sun
tracking mounts can be used to enhance the
power output by automatically positioning
the array.

The charts reflect the difference in sunlight
during spring, summer, autumn and winter. It
is more difficult to produce energy during the
winter because of shorter days, increased
cloudiness and the sun's lower position in the
sky. The charts list the sun hour ratings for
several cities in North America for summer,
winter, and year round average. If the system
is used primarily in the summer, summer
value has to be used, while when using the
system year-round, especially for a critical
application, the winter value is to be used. If
using the system most of the year (spring,

Page 227 / 522



Building Simulation Cairo 2013 - Towards Sustainable & Green Built Environment, Cairo, June 23rd - 24th 
Topic name: Environmental Design Education

 

summer and fall) or the application is not
critical, the average value has to be used. 

Between the chart and the map, a reasonable
estimate of the sun's availability in a certain
area can be determined.

6.1 Prototype Modeling Results

Extending beyond a strictly formal area of
inquiry, the concept of an architectural
environment would suggest the incorporation
of digital technologies from fields as diverse
as pervasive computing, interaction design,
environmental science, and robotics directly
into buildings as a means of expanding their
capacity to adjust and respond over time to
changing programmatic and environmental
forces. 

Furthermore, the explicit interdisciplinary of
this approach, in which architects probe
peripheral technological disciplines as a
means of challenging and ultimately

technological limits, necessarily suggests a
re-positioning of the traditional role and
identity of the architect himself. 

6.2 Proposed Solutions
After Implementing the PV Tool and
comparing different design approaches are
produced by groups of students with a
holistic concept of maximizing the benefits
of integrating different analytical tools within
the design process.

As opposed to the more familiar heroic role
of the architect as a master of form and
geometry.

The architect positions himself instead as a
choreographer of technological systems and
peripheral areas of disciplinary expertise
table 5.

6.2.1. Proposed PV Units 
What is needed instead is a performance
evaluation process that parallels the
characteristics and logical relationships of the

design process, and permits smooth
transitions between domain-specific
representations [12].11

Data for photovoltaic units and
measurements is shown in table 6.

Photovoltaic Data 
PV Panel delivered power (Watts) 70 
PV Panel Current @ MPPT (amps) 2.67 

PV Panel Voltage @ MPPT (volts) 20 
Total Energy Demand (whr/Day) 5686 
Reduction due to losses (0.75-0.9) 0.9 
Required PV array energy (whr/day) 6318 
PV Module (panel) operating voltage 
(volts) 17 
Daily Energy per module per day 
(whr/Day) 432 
PV Temperature Reduction Factor 
(.75-.9) 0.9 
Real Energy output / module 
(whr/Day) 388 
Number of Modules /string 4 
Number of Modules to meet daily 
energy demand 17 
Number of strings in parallel 5 

Required Number of Modules 20 

Table 5. Photovoltaic Data & measurements

6.2.2. Allocation PV within Site 
In order to extend the results for other
functions Project Services have recently
demonstrated the practical benefits of
engaging in energy simulation early in the
design process with their Joint. 
The exceptional outcome can modify the
external envelope imposed by the early
design process, the result should be tested for
performing numerous simulations (each one
having to be modeled individually) to explore
the adequate energy savings required final
calculations for consumption and costs are
presented in table 6 (a) and (b).
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Array Output (Required) (w.hr) 41640 
Module Operating Volt  (volts) 13.6 
Module Output Power (watts) 42.3 
Module daily output energy 261 
Module Energy @ NOT 234 
Total number of needed modules 178 
Number of Modules per String 4 
How many strings in parallel 45 

  Table 6 (a). The proposed calculations
 

PHOTOVOLTAIC POWER SYSTEM 
SIZING AND COSTING 
1. PUMPING SYSTEM WITHOUT ELECTRICAL STORAGE 

COMPANY NAME Alexandria University - 
Photovoltaic Group 

SITE  Alexandria 
DC to AC Converter (Inverter) Efficiency 0.85 

Inverter AC Voltage (volts) 220 
Battery Bus Voltage (Inverter DC Side) 

(volts) 
48 

INSOLATION (kWh/Day)/m2 6.5 
INSOLATION REDUCTION FACTOR 0.85( -

0.95) 
0.95 

MINIMUM INSOLATION THAT OPERATES 
THE PUMP 

6.18 

NUMBER OF PEAK SUNSHINE HOURS 6.18 
Total AC Watt-hr. per week 11688 
Total DC Watt-hr. per week 5810 

Total AC Corrected for Inverter Efficiency 
(whr/week) 

13751 

Total Load watt-hr./week 19561 
Total Energy Required per Day (whr) 33312 

Total Ampere hour per day (amp-hr.) 694 

Table 6 (b). The proposed consumption /cost

Due to the expert nature of the analysis and
interpretation required, the architects had
minimal involvement in this process, making
apparent that the tools being used did not
adequately support an interactive concurrent
design environment. Despite these obstacles,
however, this strategy demonstrated the
effectiveness of integrating simulation in the
early design process as means by which to
improve building performance, proposed
output in figure 4.

Fig.4, Photovoltaic PV Tool Implementation

7. Conclusion

While the range of available performance
analysis tools is increasing, there is no single
program that meets the needs of architectural
users. This paper presents a framework for an
PV design tool that will address these needs,
the development of which will be undertaken
in future work. The next stage in this process
will be the selection of a simulation program
on which to base this development, a non-
trivial task that will involve regulation
consideration which is largely unaddressed in
the current Building development concerned
with energy design strategies, as well as for
the accuracy of the results that they generate.

8. Recommendations

The result should indicate how positively this
application of tools would affect further
design decisions regarding the
implementation of energy saving models
within a common environment combining
technical measurements and design criteria.

Integrating technological elements to existing
Building for photovoltaic units and design,
should integrate principles responsive
building design taking in consideration the
main use of the BHI as an educational
Institute BHI building under study could be
simulated in terms of different aspects to
maximize the lessons learned by students
within the studio exercises.
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Abstract: Sustainability can be defined as the ability to meet the needs of the present without compromising the 
ability of future generations to meet their own needs. Sustainability is not a new fashion in the Egyptian 
construction industry. It is mandatory requirement especially with all environmental needs. Fortunately, with the 
absence of local Egyptian rating system until this moment, the architectural history through thousands of years in 
Egypt has left practical heritage for building sustainability, which took into consideration indoor environmental 
quality, the creativity of using local materials plus the innovation in design. Unfortunately, Architecture in Egypt 
and some other countries in last five decades of the twentieth century missed many environmental solutions. 
Many buildings have poor performance and affect negatively the environment and our planet.      

The research objective is to push architects towards sustainability in their modern design concepts. The 
methodology will be focused on presenting samples of sustainable buildings and designs done by some of the 
biggest consulting firms in Egypt considering many items of international rating systems such as LEED and 
BREEAM. The outcome will be focused on the importance of each rating system evaluation items against 
Egyptian ecology.  

 Keywords: Sustainability, Architectural Design; Building Performance 

 
1. Introduction 

Energy and architecture form a natural 
marriage if indoor comfort and respect for 
environment are secured. The role of 
energy within buildings varies from country 
to country, climate to climate. Population 
growth and demand for housing have 
forced politicians to embark on massive 
housing schemes without consideration of 
comfort, energy demand, and 
environmental issues. 
 
In this paper, we are seeking to understand 
how previous generations lived in rigid 
climates and without abundant sources of 
energy, yet managed to design and build 
appropriate dwellings providing both 
comfort and harmony with the 
environment. We have to look at the 
Vernacular architecture, which existed in 
the areas of extreme climate such as India, 
Africa where indigenous materials were 

utilized to construct attractive and 
comfortable homes. 
 
2. Background: 
2.1. Architect objective 

Modern technology has provided us 
with excellent new materials such as 
"switchable'' material', light but strong 
structural materials and a variety of 
insulations. It is now commonly accepted 
by architects and builders that due 
consideration must be given to energy 
conservation; the use of natural lighting 
and use of solar energy for both heating 
and cooling; as well as enhanced natural 
ventilation and minimal impact on the 
environment. 
 
Architect must approach the architecture-
energy combination and its relationship to 
the environment, thermal comfort, and low 
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energy architecture dealing with various 
criteria for comfort in different parts of the 
World. The planners and architects have a 
massive responsibility to directing the 
impact on the environment; have been 
criticized for their role in accelerating the 

Different 
governmental reports, papers and studies, 
have proved that the construction process 
in the world consumes about 34% of the 

 [14]. 
Embodied energy is the sum of all energies 
used in building construction such as; 
manufacturing of building materials, 
transportation of construction materials, 

needed for lighting and air conditioning. 
Therefore, renewable energy resources 
provide a motivating factor in the efforts of 
the planners and architects to discover 
more environmental urban development.  
  
2.2. Sustainability: 

The environmental resources, 
currently, are facing serious fears regarding 
its ability to vanishing and ability to 
remaining, for future generations. This is 
because the environmental quality, in fact, 
has been suffering from major crises such 

Deforestation", "desert 

 
 These issues are mainly a result of 
international crises and aggressiveness 
(abuse of the environment), particularly 
growth rate of world population and, in 
turn, energy consumption. 

 
It is expected that the environmental impact 
of these crises will be doubled with the 
same growth rate of world population and 
energy consumption. The world population 
is expected to be doubled during the period 
of 2003 to 2100 from 5308 million to about 
9910 million [12]. Consequently, the 
growth rate of energy consumption will 
increase from 420 quadrillion (1015) Ton 
Oil Equivalent to 780 quadrillion TOE [12]. 
 

2.3. Energy problem: 
For example in the State of Qatar 

50% of the energy used in that country can 
be saved by using low energy buildings 
with several measures such as shading, 
evaporative cooling, the use of appropriate 
thermal mass and natural ventilation 
coupled with radiative cooling. 
Contemporary architecture, in some cases, 
ignores most of these elements and 
concentrates on using excessive energy to 
cool or heat buildings. 
In the Gulf Region, 70% of the electricity 
generated is used for cooling the buildings. 
 
The thermal exchange takes place between 
man and the various parts of the building 
elements. Some authors developed their 
own models to evaluate such exchange. The 
bioclimatic concept in Vernacular 
Architecture and the impact of climate on 
the building forms. The climate, which 
plays a major role at different locations and 
how this dictates the shape and form of the 
buildings and save some energy 
 
2.4. Vernacular architecture definition 

Vernacular architecture refers to 
structures built of local materials in a 
functional style devised to Vernacular 
structures were built by people not schooled 
in any kind of formal architectural design. 
The anonymously built log cabins, barns, 
and farm outbuildings that can be seen in 
rural areas are good examples of vernacular 
architecture. Meet the needs of common 
people in their time and place. It is 
sometimes called folk architecture.  
 
3. Literature review: 

Nowadays we have knowledge, 
elements and strategies to obtain comfort in 
buildings  and treat with recourses such as 
the air movement, the Sun effect, the 
thermal mass, the vegetation, day lighting 
to conserve and reduce heat gain into 
buildings, ventilation strategies, the air flow 
principles, air leakage in buildings, natural 
and solar induced ventilation and 
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mechanical ventilation, integrated 
ventilation, ventilated roofs, active curtain 
walls, the use of greenhouses, movable 
shading devices, light ducts, cooling 
elements, shading devices and the use of 
water and moisture in improving living 
conditions in a arid  climate. 

 
In this paper, we will focus on building and 
architecture scale and role of architect and 
methodology to sustainable thinking and 
design. 

3.1. Facts: 

 Buildings sector consumes 20 % of total 
Energy in developing Countries. [14] 

 Building Construction consumes 33 % of 
Primary Energy Consumption. [14] 

 60% of national budget is invested in 
buildings. 

 40% of Primary Energy Consumption is 
used in buildings.  

 
3.2. Egyptian energy statistics: 

 
 
 
 
 
 
 
 

 
 

 
Fig. 1. Power Generated chart from 2007 to 2011, 
Egyptian ministry of electricity an energy statistics. 

From Fig. 1, (according to Egyptian 
Electricity Holding Company Annual 
Report 2010/2011), we have many 
indicators like energy that there is a new 
renewable recourse in Egypt like solar 
power. New developing in wind power 
field, which doesn't meet the consumption 
and the leak age in hydropower which will 
be increase throw next year due to water 
problem in Egypt. Thermal recourses 
depending on increased so there is unwise 
using for nonrenewable recourses. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Fuel Consumption chart from 2007 to 2011 
Egyptian ministry of electricity an energy statistics. 
 
Fig (2) shows fuel consumption chart from 
2007 to 2011. The increasing in consuming 
nonrenewable recourse year by year in 
addition to the quantity of energy 
consuming in fuel extraction are not 
reasonable. In addition, the treatment to be 
in last state world consumes recourse 
without any consideration to future 
generation's destiny. There is no any effort 
to depend on renewable recourses and wise 
treating with current recourses. 
 
 
 

Year H.F.O  
Ktons 

N.G. 

Million 
M3 

L.F.O  

tons 

Coke 

Kton 

Nafatia 

Ktons 

Special 
L.F.O 

Ktons 

Total 

Ktoe 

10/11 5302 25894 3300 0 0 81.7 27430 

9/10 5929 24314 4400 0 0 170.81 26772 

08/09  5321 23013 5100 0 0 116 24895 

07/08 4774 21907 2700 0 0 102 23562 

06/07 4348 21008 3700 0 0 49 22286 

Year Thermal Hydro Wind Solar Total 

10/11 132045.3 13046 1485 219.4 146796 

9/10 125004 12863 1133 0 139000 

08/09  115427 14682 931 0 131040 

07/08 108788 15510 831 0 125129 

06/07 101866 12925 616 0 115407 
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Fig. 3. Energy Sold table from 2006 to 2011 
Egyptian ministry of electricity an energy statistics. 
 
Fig. 6, energy sold table from 2006 to 2011 
shows the growing need to electricity in all 
views in life due to fast massive jumping in 
technologies, industry.. 
 
3.3. Energy consuming: 
 

 

 

 

 

 

 

Fig.4a. Energy consuming faces according to 
Egyptian Electricity Holding Company Annual 
Report2010/2011. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4b, energy consuming faces in residential 
building U. S. department of energy 
 
In Egypt Fig. 4b, illustrates that energy 
residential building is the biggest energy 
consumer with 47% [5]. Industry is in 
second stage with 20%. Therefore, we have 
to rethink about kinds of industrial projects 
in Egypt and its profits in conjunction with 
the energy problem and its growing cost.  
 
Building operating consumes over 50% 
from all over electricity consumption. 
When we focus on building energy 
consumption and major consumer in the 
building is HVAC system. It consumes 
32% [5] from over all energy consumption. 
 
Second aspect is lighting which consumes 
25% from over all energy consumption. 
Water heating consumes 6% so the total 
energy consumption, which architect can 
control in building design and operating 
reach up to 63% from over all energy 
consumption. Due to previous numbers and 
architectural design and planning have, the 
full control to solve or reduce energy 
problems and save resources for next 
generations. 
 
3.4. water problem: 

Nowadays many problems started to 
rise related to water due to Nile riverhead 
countries political situation. They are trying 
to decrease Egyptian share of water so we 
have to review Egyptian water 
consumption. 

 

Year Value GWH 

10/11 126934 

9/10 120180 

08/09  112617 

07/08 107226 

06/07 98812 
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Fig.5. Water consuming faces according to living 
plant Report2012. 
 
According to announced data Fig. 5, Egypt 
share 55 km3/y. This portion will be 
decreased in next year's. Egyptian 
consumption over all is 99.82 km3/y. When 
we check water consumption charts, Egypt 

consumes 28.58km3/y in drink and daily 
use. The world average is 9 km3/y. 
Therefore, we have to rearrange Egyptian 
water consumption in drink and daily use.  
We consume 31. 95 km3/y in irrigation, 
however, the world average is 60 km3/y. 
This rate is too small. Egypt is agrarian 
country. Egypt grey water production is 
39.29 km3/y. For industrial zones, the 
world average is 20.5 km3/y. 
From previous statistics, we have to 
rearrange water consumption and gray 
water treatment to face water problem. 
Otherwise, Egypt will face a real disaster 
with irrigation and agriculture. Developing 
new strategies in irrigation and drainage 
and for storm water harvesting in north 
coast to consolidate agriculture there and 
make self-sufficiency in water need in this 
region 
 
4. Methodology: 

All previous studies are motivators for 
architectural designer and planner to rethink 
positively. Sustainable design and green 
buildings are tools that can push the 
building performance a step forward 
towards better energy and water efficiency. 
We can learn from our heritage and 
previous experiments. They give us 
wonderful lessons for climatic treatment, 
social needs, environmental and indoor 
quality by using local materials by simple 
and wonderful techniques. 

4.1. Ancient Egyptian architecture: 
In previous models (Fig.6.), we have 

many strategies and techniques like cross 
ventilation, high thermal mass to avoid 
radiation, using roof levels for lightings, 
wind catchers, courtyards, roof ventilation 
and vaults all those with environmental 
construction techniques. 
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Fig.6. Egyptian mud model for Egyptian house 
(British museum), Great incent Egyptian civilization 
have the first antecedence in sustainable and 
environmental buildings which documented this 
antecedence in all existing temples, models and 
manuscripts [1] 

4.2. Islamic architecture   solutions: 
In Islamic architecture Fig. 7, there 

was a big enhancement in sustainable, 
ecological, environmental, and green 
design. Islamic buildings around the world 

until today have a good building 
performance all over architectural history. 
Efficiency is the key word for sustainable 
design, which all-modern environmental 
strategies, passive and active techniques are 
seeking. Islamic architecture achieved 
efficiency with high rates. 

 

 

 

 

 

 

 

Fig.7. Egyptian Islamic Sabile ottman katkhoda[1] 

Islamic architecture proved that it had the 
knowledge about thermal trade off, air 
movement science and resources 
managements. They made the healthiest 
building formed to treat and utilize with all 
climatic and environmental conditions. 

4.3. Modern movements: 
Nowadays, we have many tries to 

face the aggression on the environment and 
natural resources. We all over the world are 
trying to think in sustainable way to create 
and construct buildings, which are saving 
the planet resources. 
 
      Later on, many organizations made 
rating systems for their countries to be sure 
about applying green principals and 
providing facilities to save energy, water, 
and natural resources. First, one was 
BREEAM in UK and moved to all over the 
world like Estedama, Qsas, Green Pyramid, 
and most popular one is LEED, which is for 
the US. 
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4.4. Green concept: 
All rating systems are based on green 

design principals, which can define in Fig. 
8 as: 
 

 

 

 

 

 

 

Fig. 8: The main principles guiding our green 
design are: 

1. Harmony with nature.                           
2. Site interpretation. 
3. Working with climate.                           
4. Rationalizing new resources. 
5. Creating healthy indoor environment.    
6. Conserving Energy. 
7. Fulfilling users' needs.                         
8. Rationalizing cost. 

 
Architect must apply these principals in all 
design processes and improve building 
performance by using environmental 
strategies and techniques. 

5. Energy modeling: 
When the architect wants to check the 

building performance and test strategies to 
figure out the CO2 emissions, water & 
energy consumption, air movement , 
aerodynamics, acoustics response , lighting 
levels, he must using simulation tool. This 
tool simulates all above consumption and 
figure out results which can help the 
architect to enhance the building 
performance. This tool creates an energy 
modeling.  
 
5.1. Definition: 

Energy modeling, or simulation, is 
the practice of using computer-based 
programs to model the energy performance 
of an entire building or the systems within a 

building. This whole-building modeling 
provides valuable information about the 
building and system energy use as well as 
operating costs and human comfort. 

5.2. Concept: 
Whole-building simulation is 

typically performed for an entire year using 
typical meteorological year weather data, 
material response and interacting with all 
physical parameters. An important aspect of 
whole-building modeling is that it accounts 
for the interaction between different 
elements of the building, such as the impact 
of lighting on space conditioning loads or 
the impact of day lighting on electrical 
lighting loads, people activity in each 
space, number of equipments. The impact 
of different building uses and occupancy 
patterns is also accounted for. 
 
5.3. Benefits: 

Energy modeling can and should be 
used throughout the design process to 
optimize the building design for energy 
performance and reduced carbon emissions. 
Energy modeling has been applied to 
building design for decades, but with the 
advancement and spreading of computers. 
The increased emphasis on building 
operating costs, the use of modeling is more 
common and often required. It is a valuable 
tool to assist architects in assessing the 
impact of various design decisions. 
  
The size, complexity, and potential types of 
mechanical systems will affect which of the 
many modeling tools is most appropriate 
for the project, and the tool may change 
from one design phase to the next. Thus, it 
is beneficial to have someone in-house or as 
a consultant who is familiar with the 
alternative simulation tools and knows their 
capabilities in terms of such variables as the 
number of floors, the number of zones, the 
ability to define schedules, and the 
mechanical equipment options 
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5.4. Tools: 
Using a tool that can handle large 

complex buildings for a simple building can 
give a result in a waste of time and expense. 
Tools have been developed, such as DOE2 
,Ecotect, Green studio, E quest, Energy-10, 
design builder, Vasari, specifically to model 
all types of  buildings.  
There is a cost associated with energy 
modeling, and it varies with the complexity 
of the building. A speculative developer 
may find it difficult to bear costs that will 
accrue savings to the future building owner 
in the form of reduced utility bills. 
However, this should be presented as a 
feature of the building and worthy of a 
price premium. The building will also be 
more comfortable and perform more 
reliably.  
 
5.5. Design process: 

Energy modeling can be applied to 
various degrees in each phase of the design 
process. 

5.6. Conceptual design phase: 
During conceptual design, a very 

simplified model that uses basic 
assumptions for many of the inputs can be 
used to examine large-scale impacts such as 
building configuration and orientation. 
For example in Erbil competition for Syriac 
Culture Center Fig. 9 designed by Dr Wael 
Abo Neama at Engineering Consultants 
Group (ECG). 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9: Perspective for Syriac culture center 
proposed by ECG & designed by Dr. Wael Abo 
Neama 

5.6.1. Climatic analyses 
They started with climatic and 

location studies Fig. 10 to know what the 
parameter control the design like 
temperature, relative humidity, wind 
directions', wind speeds, wind frequencies, 
average precipitation, radiation, natural 
lighting. Next step in this stage according to 
previous studies is Psychometric Chart. 

 
 
 
 
 
 
 
 
Fig. 10: climatic analyses 
  

5.6.2. Psychometric chart 
Used to show the load of air-

conditioning and passive system needs. It 
shows a high thermal mass, internal heat 
gain, and wind protection Fig. 11. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11: climatic analyses for Syriac culture center. 
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5.6.3. Orientation 
After shaping building form, 

some studies like sun paths, ''shading, and 
shadows'' Fig (12) can support decision for 
building orientation to reduce thermal 
loads, heat island effect, make larger area 
from shadows and using natural light. 

 

 

 

 

 

 

 

Fig. 12: Sun path and orientation studies for Syriac 
Cultural Center. 

5.6.4. Thermal loads and treatments 
By using energy simulation, 

we can find thermal loads on the building 
and identify places, which need shading 
treatment using and shading devices. See 
Fig (13). This action can help the architect 
of selecting building materials, and external 
cladding types. A composition of different 
materials with various low-E parameters 
could be used to achieve the best building 
performance. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 13a: Above,Perspective for QIB proposed by 
ECG, & Designed by Dr.Wael Abo Neama, (b) 
Below, on the other side  Thermal loads study  

 
 
 
 
 
 
 
 
 
 
 
 

5.6.5. Shading and shadows 
Also, we can use energy 

modeling in sketsh design to be sure about 
efficiency of courtyards and atriums to 
reforming building. Orange Jordan telecom  
headquarter Fig. 14 & (Fig. 15 reshaped the 
building to make shaded court inside the 
building by rising western side of the 
building to prevent direct radiation and 
make shading court. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 14: Above, Perspective for Orange Telecom 
headquarter, proposed by ECG, & Designed by 
Dr.Wael Abo Neama, (b) next page,  shadow study 
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Fig. 15: Above, shadow study, below Perspective for 
Orange Telecom headquarters, proposed by ECG, & 
Designed by Eng.Nabil Shafiq  
 

5.6.6. Outdoor impact: 
Energy modeling can be used 

in sketch design phase to measure the 
impact of the building on surrounding 
environment. It can help landscape designer 
to treat with outdoor spaces and select soft-
scape or hard-scape elements according to 
the temperature of outdoor spaces and its 
radiation directions. The target is to reduce 
heat island effect. The Egyptian Media 
Production City (EMPC) Fig. 16 mall 
competition challenge is the radiant 
temperature for outdoor spaces. The 
solution was focused on the external 
cladding material and the building function. 
The architect located all service corridors in 
the building parameter facades to reduce 
this heat. In addition, it affected the 
selection of plants in building' surrounding. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 16: Radiant temperature study for Egyptian 
Media Production City in 6 October. Proposed by 
ECG & Designed by Dr. Wael Abo Neama 
 
5.7. Sustainable input in Schematic 

design phase: 
At schematic design, a more detailed 

energy model is useful for identifying the 
primary energy factors. Understanding the 
energy loads for (space heating, cooling, 
lighting, water heating, etc.) are dominant 
providers and guidance on what aspects of 
the building design should be targeted for 
energy savings. The greater the energy use, 
the greater the opportunity for cost-
effective energy savings. For instance, the 
designer could test alternative percentages 
of façade glass area on the principal 
orientations for energy and aesthetic 
implications. 
 

5.7.1. Envelope design: 
In case study from low-income housing 
competition designed by ECG, due to 
competition characteristics, they try to 
choose building envelope, which serve 
cheapest, and most efficiency concept. The 
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envelope must save thermal comfort 
without using mechanical solutions. They 
depend on energy modeling to achieve the 
best performance for building envelop. 
 
After applying all sketch design stage steps 
and regarding all pervious studied 
recommendations, a model shall be 
improved. Energy modeling helps the 
architect to define the activity and thermal 
properties to can choose between four 
alternatives of walls cross sections Fig. 17. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.17 walls cross sections low-income housing 
ECG design report. 
First section brick plaster walls.(traditional section), 
Second section delta block walls, Third section GRC 
wall, Forth section bearing walls. 
 
After finishing the model and assigning the 
materials, a running model calculation for 
the same building using different envelope 
cross section in each time should be 
performed. The design team compares the 
following. Fig. 18,19 & 20: 
- Heat gains and lose comparing for air-

conditioning loads. 
- Heat gain. 
From previous statistics saving in each 
cross section according to base case (brick 
plaster wall): 
- GRC heating saving: 83.27 %    
- GRC cooling saving: 57.70 %. 
- Delta Block Heating Saving: 83.1 %.   
- Delta Block cooling saving: 57.45 %. 
- Bearing walls heating saving: 80.16 %. 
- Bearing walls cooling saving: 28.49 % 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.18 upper building gains break down and on 
right total gain and loss around the year, low-
income housing ECG design report 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.19 Hourly Temperature inside zones in hottest 
peak day and coldest peak day 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.20 RESOURCE USAGE - Daily Energy Use 
study around all year hours, low-income housing 
ECG design report. 
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5.7.2. Shading devices 
Other new utility using for 

simulation tools in this stage, we can design 
any element like shading device. We can 
control the efficiency time and check 
visibility in Microsoft headquarter in Smart 
Village in Egypt. A study of the sun Paths 
& building orientation developed a three 
row of horizontal membranes stretched 
between steel posts stabilized by a net of 
vertical, horizontal and bracing cable. Fig. 
21. 

 
Fig.21 shading 
design by ECG, 
designed by 
Eng. Nabil 
Shafiq , for 
Microsoft 
building  

 
 
 
 
 
 

5.8. Design Development phase: 
During design development, a 

detailed energy model should be used to 
conduct parametric analyses to evaluate 
alternative specifications and more fully 
understand of the trade-off between initial 
cost and life-cycle cost. The accuracy of the 
model is important at this stage; therefore, 
providing as much information as possible 
on the expected use and occupancy 
schedules of the building is important. The 

particularly relevant to modeling at this 
stage It means as mush detailed accuracy 
you type as much real model you get. For 
example, using a default 8-to-5 Monday
Friday operating schedule for an office 
facility that operates 24/7 would 

electricity use for lighting and equipment. 
Using the wrong glazing specifications 
could significantly affect the heating and 
cooling load predictions 

 
 

6. Conclusion &results: 
Sustainability is not an option and it is 

an architect and planner responsibility. 
Knowledge, technology, and computer day 
by day provide techniques and simulation 
tools to improve building production, life 
quality, and human comfort by clear 
methodology. Therefore, there is no excuse 
to think green to save future generation 
rights and resources 
 

 

 

 

 

 

 

 

 

 
7. Recommendations: 
 Sustainable design starts with the first 

sketch and in the beginning of the 
design phase. 

 Architects and consultants who start to 
develop the building towards 
sustainability in the construction phase 
will not produce any sustainability 
value in the building. 

 Energy modeling using any tool will 
help the design teamwork to figure out 
the building performance and will help 
them to enhance their design and push 
it steps forward towards sustainability. 

 In Egypt, we have the experience and 
projects, which proved its location in 
the sustainability, map. 

 The whole design team is responsible 
of producing sustainable project not 
only the architect. 

 Respecting ecological conditions 
around the project can save a lot of 
energy and water using passive design.  
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Abstract: Construction sector in Egypt involves various key-elements in higher-education, codes development 
and market. There exist wide gaps between those three components while none of them puts sustainability as a 
mandatory theme. This paper introduces a comprehensive vision for the use of BPS tools as an approach for 
greening buildings in Egypt. These tools are urgently needed to improve the learning process in engineering 
education, enhance the capabilities of professionals in market, and upgrade building energy codes. All these 
required missions of BPS tools aim at creating a new generation of professionals and universities’ staff, based on 
a firm framework of sustainable codes and standards. 
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1. Introduction 
Egypt’s urbanism is facing into a time of 
great challenge and change, particularly for 
the over population of the Nile valley which 
has been settled for thousands of years and 
won’t be able anymore to welcome new 
generations with increased population. 
Planning for future urban expansion on 
desert land to utilize 95% of Egypt’s area 
has always been a dream to solve this 
pressing problem. Desert is a very tough 
environment with difficult hot arid climate, 
requiring an efficient sustainable 
architecture to achieve human comfort and 
energy efficiency. Sustainable architecture 
is also needed to counteract the global 
problems of energy and satisfy current calls 
for energy savings and full-investment of 
environment potentials. 
Building and construction sector in Egypt 
are not restricted by mandatory energy 
codes or sustainable design guides. In 

addition, there exists a wide gap between 
engineering education in universities on one 
hand and the construction market on the 
other one. While for both, sustainability is 
theoretically reviewed in literature and 
followed in international competitions but 
not disseminated as a feasible strategy for 
energy conservation, environmental 
protection, human health and comfort, and 
profitable investments. 
Globally speaking, sustainability has not 
been optional anymore. Governments’ 
legislations and regulations define 
minimum requirements of energy efficient 
design. These limits are being upgraded 
over years to raise the baseline of the aimed 
benefits of sustainable buildings. 
In order to implement such concepts and 
upgrade its standards, various assessment 
tools are widely used and developed. 
Building Performance Simulation (BPS) is 
one of the most effective and reliable tools. 
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Fig. 1. Electricity sources in Egypt for year 2009 – 2010 [1].
 

 

Fig. 2. Electricity uses in Egypt for year 2009 – 2010 [1] 
 

 
2. Methodology 
As a methodological route, the paper 
discusses the following issues in order: 
 
1. Definition of sustainable buildings and 

how they contribute to environmental, 
social and economic developments. 

2. Building performance simulation tools, 
their development and concepts of use. 

3. How to use BPS tools in higher-
education, codes development and 
construction market to demolish the gap 
existing between them and the vital goal 
of greening buildings in Egypt. 

 
The methodology is based on outlining the 
main goal, solidifying the existing problem, 
and discussing the hypothetical tool 
bridging both sides. 

111,576 Public On-Grid Fossil Fuel 
Stations (GWh)
12,863 Public On-Grid Hydrolic Stations 
(GWh)
1,133 Public On-Grid Wind Stations 
(GWh)
26 Private On-Grid Industrial Projects 
(GWh)
13,184 BOOT On-Grid Projects (GWh)

218 Off-Grid Projects (GWh)

50 Imported Energy (GWh)

38,886 Industry (GWh)

4,543 Agriculture, Irrigation and 
Drainage (GWh)
566 Transportation  (GWh)

46,627 Housing (GWh)

3,355 Commercial Buildings (GWh)

4,736 Public Services  (GWh)

5,604 Governmental Bodies  (GWh)

3 BOOT Projects  (GWh)

14,743 Other General Purposes 
(GWh)
1,010 Exported Energy  (GWh)
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3. Energy and Buildings 
While sustainability is defined in the global 
point of view for a green planet, encouraging 
the present development and assuring future 
one, it is always required to focus on the 
performance of planet components. When all 
elements on earth are being greened in an 
integrative collective manner, wider 
sustainable goals could be then achieved. One 
of the most vital elements is the building [2]. 
A good building design has been defined by 
Vitruvius, long centuries ago, as the one that 
fulfills main three aspects: durability, 
convenience and beauty [3]. Nowadays, in the 
beginning of the third millennium, the 
American Society of Refrigeration, Heating and 
Air-Conditioning Engineers (ASHRAE) has 

defined the good building design as the one 
that fulfills five main characteristics: meeting 
owner and occupants requirements, meeting 
all applicable codes and standards, providing 
indoor environmental quality, respecting 
surroundings historical and cultural features, 
and achieving intended emotional impact on 
viewer [2]. 
In general, buildings consume energy, 
water and materials resources in order to 
fulfill the minimum requirements of a good 
design. A good designed building must 
meet the ASHRAE previous five 
qualifications, but not any building will 
meet them in an exceptional innovative 
way. 

 
 

 

Fig. 3. The good building design characteristics [2], processed by author. 

1 Meets needs of
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2 Meets applicable codes 
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Visual comfort
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5 Achieve intended 
emotional impact of Viewer
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Economic growth comprises four key-
capitals: human, financial, manufactured 
and natural one. Natural capital is consisted 
of natural resources, living systems and 
ecosystem services. The last includes both 
water and carbon cycles. The high rates of 
global natural capital depletion threats the 
ability of future generations to survive [4]. 
These depletion rates must come down to 
the level of sustainability.  In this context, 
sustainable buildings will be those reduce, 
to a great extent, the consumption rate of 
natural capital [5].In literature, numerous 

research works discuss different definitions 
of such exceptional buildings, as: high-
performance, sustainable, green, energy 
efficient, low energy and net zero energy 
buildings. Summarizing the main concept 
of these buildings, they are the ones 
targeting reduction of resources 
consumption and costs, reduction of wastes 
outputs and resulting pollution, maximizing 
occupants comfort and productivity, in 
addition to creating high-reliable building 
operations [5] and [6]. 

 

 
Fig. 4. Inputs and outputs of a green building, processed by author. 
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Fig. 4. Development of computational tools for modeling, simulation and optimization. 
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4. Building Performance Simulation 
To achieve the energy efficiency goal, 
architects and building designers require 
effective design tools for analyzing and 
understanding the complex behavior of 
building energy use.  With the advance in 
computing technology, computer 
simulation and modeling has been widely 
used for providing accurate and detailed 
appraisal of building energy performance. 
Building energy simulation is important for 
the study of energy efficiency in buildings.  
Computer simulation programs are 

effective analytical tools for building 
energy research and evaluation of 
architectural design [7]. 
Such tools work on accurate modeling for 
all details whether related to the building 
design, construction, systems and internal 
loads, or the outdoor environmental 
boundaries. All these inputs are processed 
in the simulation engine, which is the 
software core calculators, to provide user 
with outputs defining thermal comfort 
degree and energy demand rates. 

 
 

 
Fig. 6. The three components of construction sector, processed by author. 

 
 

5. Greening Construction Sector 
Construction sector is greatly influenced by 
higher-education in universities, codes 
development in research centers and 
construction process in market. BPS tools 
can be used in each component of these to 
create a clear roadmap for greening 
buildings in Egypt 
 
5.1. University and Education 
According to the integrated design process 
(IDP) approach, it’s so important to 

combine knowledge from engineering and 
architecture in order to solve very 
complicated problems connected to the 
design of buildings. The integrated design 
process works with the architecture, the 
design, functional aspects, energy 
consumption, indoor environment, 
technology, and construction [8]. 
In order to export professional architects 
and engineers aware of IDP and energy 
efficient buildings, sustainability has to be 
set up to the main theme for all the basic 
courses of architectural education, as: 
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architecture history and theories, buildings 
construction, architectural design, interior 
design, landscape, urban design, planning, 
and working design. On the other hand, 
special courses already exist focusing on 
sustainable architecture must be upgraded, 
as building physics, environmental control, 
architecture and energy, buildings 
economics, environmental design and green 
buildings case studies. 
The above topics can be argued to build a 
strong basic theory background for 
students, but what about the experimental 
part? How can students apply this science 
in their own projects? It needs specialized 
laboratories and advanced IT infrastructure. 
In support of the research done by [9], [10] 
and [11], we believe that building 
performance simulation (BPS) can help 
students gain valuable insights into 
complex building physics phenomena. 
Teaching can be more effective when 
experimental methods are integrated with 
theoretical ones. The BPS tools, supported 
with additional resources such as step-by-
step lesson plans and teaching materials, 
can be developed to help students use the 
tool in variety of ways for professional 
growth. 
In addition, e-learning can be enabled for 
students to self-test on their projects’ 
models using simulation software 
programs. 
 
5.2. Research Centers and Codes 
Energy efficient buildings, in its general 
definitions, offer a wide range of economic 
and environmental benefits. They reduce 
consumption of energy, emissions of 
greenhouse gases and production of severe 
pollutants. At the same time, they promote 
investments of new green systems and 
technologies providing economic profits in 
the long run. Regrettably, the construction 
market mechanisms do not guarantee such 
process and its benefits. Buildings’ owners 
are not concerned with energy efficiency 

concepts passing all about energy costs on 
the tenants and consumers. Buyers, as well, 
are more motivated with the up-front costs 
rather than operating ones. Consequently, 
Governments and organizations take their 
roles to develop buildings energy codes and 
standards to outline the minimum 
requirements for energy efficient design 
and construction for new buildings and 
additions [8]. 
For the building codes in Egypt, the first 
code for reinforced concrete structures was 
published in 1956, while other codes for 
soil mechanics, foundations and electric 
connections in buildings were issued before 
1980. The government enforced the 
construction market to comply with 
building codes since 1964 where the codes 
are revised and updated by specialists and 
universities staff each five years [9]. 
Recently, the Unified Building Law no. 119 
has been released in 2008 then its executive 
appendix issued by the Ministerial decree 
no. 144 in 2009. 
None of these codes has introduced a clear 
comprehensive vision for green 
construction concepts [10]. Even despite of 
publishing the Codes 306.1 and 306.2 of 
Energy Efficiency for residential buildings 
in 2005 and commercial buildings in 2008, 
both are not enforced by the government 
and left optional for designers to use or not. 
As a clear result of not being mandatory 
and the lack of public involvement, the 
Codes 306.1 and 306.2 are not implemented 
in practice. 
As a feasible solution for upgrading such 
standards, BPS tools must be used by the 
responsible researchers at research centers, 
while codes must enforce design teams to 
include a simulator and provide 
environmental studies of projects using 
BPS tools. 
So, building energy codes and standards 
must be written in mandatory language and 
enforced on market by government. 
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Fig. 7. Recommendations for each key-element of the construction sector, processed by 

author.
5.3. Construction Market and Buildings 
Most of architectural and engineering 
offices in Egypt stick to the current Unified 
Building Code beside mechanical, electrical 
and structural codes, without taking into 
consideration the energy efficiency 

standards. Accordingly, most of 
professional architects and engineers have 
not the enough background of using BPS 
tools or applying green concepts and 
techniques in projects’ designs. 
After upgrading higher-education system 
and codes mandatory restrictions, offices 
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will be enforced to green their designs and 
will find those well educated manpower to 
do these jobs at the same time. 
 
6. Conclusion 
Accounting severe environmental and 
energy problems in Egypt, greening 
building and construction sector has 
become a must. This wide goal is not 
impossible. Even though, it requires a 
comprehensive vision for enhancing the 
quality of all key-elements controlling the 
general performance of this sector. Fig. 7. 
States the recommendations concluded for 
those key-elements. 
Building performance simulation provides 
an effective tool for students, lecturers and 
researchers in universities, codes 
developers in research centers, in addition 
to architects and engineers in market to 
achieve sustainability in their works. 
Building energy codes must be mandatory 
not optional. Government has to enforce 
such codes in construction market. The use 
of BPS tools and participation of simulators 
in the design team have to be an obligatory 
requirement. 
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Abstract: The teaching methods driven by simulation and other analysis tools are on the rise. Since the methods 
differ by course outcomes and student technical capabilities, the stage at which to involve simulation or analysis 
tools varies by instructor. This paper explores the introduction of energy simulation in an architectural design 
studio course. The emphasis is on quantifying energy performance during the earlier phases of design. A group 
of students in two classes were introduced to learning an online energy simulation tool, and the resulting energy 
performance per student was documented. A wrap up presentation took place to compare energy performance 
across the proposed schemes. A follow up questionnaire was distributed among the students to collect feedback 
on several aspects that can enhance both the teaching and learning methods. Students were also surveyed on the 
value of the tool during the design process. The results of this experimental approach indicate a strong 
preference to use simulation tools during the early phases of the design and recommendations of suitable 
building forms.  It also includes student feedback and recommendations to assist in future course instruction. 
 
Keywords: Teaching Methods, Energy Performance, Architectural Design Studio 

1. Introduction 
The ability to produce energy efficient 
proposals within the architectural design 
studio is becoming more of a requirement 
than an option. In addition to the traditional 
course outcomes of an architectural studio, 
an emerging need is for the current students 
to quantify the performance of their design 
proposals while balancing all other 
requirements. On what basis is this 
particular building form proposed?  This is 
a general question to be resolved during the 
studio journey; it requires the student to 
justify decision making using conceptual 
diagrams, verbal presentations, written 
research, theory, and many other forms of 
expression. Is the answer form follows 
function conserve energy first a 
hybrid of both?  
Similar to many countries, Egypt is facing 
energy challenges in many sectors, as a 
result, conservation efforts as well as a 
development of a new building rating 
system is awaiting deployment. In addition, 
several universities are re-structuring their 
programs to advance the energy efficiency 
agenda and sustainability as a main priority 
across the curriculum, offering a wide 
variety of graduate degrees, diplomas and 

certificates with emphasis on the 
environment and especially on sustainable 
technologies. To respond to this demand, an 
architectural studio taught in an Egyptian 
institution offering an undergraduate 
program was restructured to integrate 
energy simulation with design development 
within Sustainability in Architectural 
Design  studio where issues relevant to 
both design innovation and energy 
efficiency are offered to undergraduate 
students who are considered half way in 
their program, and near the start of their 
architectural design experience. A primary 
objective is to quantify energy performance 
for the proposed design.  
The students had taken a course on 
Environmental Design Systems and 

Controls  however, this architectural studio 
was their first to apply and integrate 
strategies to deliver a project, to quantify its 
energy performance as the design is 
developed, and finally to comprehend and 
analyze the generated data to benefit the 
design process.  
This paper reports on the initial steps to 
redesign, structure, and test this integration 
using an experimental learning by doing
approach and introducing a building 
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performance analysis tool that is available 
online for free and easy to learn and use in 
a short time. The main objective was not to 
produce a design driven by simulation 
alone, but to introduce the method to the 
students as an example of what they will go 
through after graduation working as 
professional architects.  
 

assumptions were made. For example not 
all the students are at the same level of 
technical readiness to understand the 
difference between modeling and analysis. 
Our main concern as a teaching team was 
not to force this method to be the primary 
design approach. It also should be noted 
that this work builds on previous 
experiments and research with similar 
objectives; however earlier studies worked 
with a more advanced group of students or 
differed in the teaching techniques.  
 
Of the earlier works published on this topic, 
one study put forward three courses (one 
introductory, one theory, and one practical) 
to give students opportunities to teach 
themselves through online technology with 
emphasis on availability and online 
learning. All course material was published 
online, and student licenses for the software 
were available. This study was done mainly 
with done with a level students[1].  
Another study presented the results of a 
survey on the use of simulation software, 
which has involved academic and industrial 
members of the Simulation Study Group of 
the Operational Research Society of Great 
Britain. Findings of the survey indicated 
which types of simulation software are 
primarily being used, the most common 

opinion about software, and possible ways 
of improving simulation software[2]. 
 
The issue of quality was addressed by 
Hansen et al. in courses which were taught 
at three levels: 2nd year undergrad, 1st year 
masters, and final year masters/ starting 
Ph.D. There was a theoretical as well as a 

practical part. The instructors believed that 
domain knowledge is paramount to working 
with Building Performance Simulation 
(BPS) software and that an ability to assess 
quality assurance is also important. In the 
undergraduate course, students carried out 
part of the BESTEST procedure on 
commercial MS Windows based building 
simulation software. The results of many 
simulated buildings were compared to 
results from validated and verified BPS 
software to check for errors and variances 
[3]. On the educational requirements to run 
simulation tools, a study by Pedrini et al. 
recommended that students should be 
introduced to scientific and technical 
foundations for the use of BPS tools during 
their education to learn how to integrate 
them in their own practice [4].  
 
Soebarto investigated the experience of 
teaching building simulation to a 
level students in architecture school to 
simulate energy performance and comfort 
levels in their design projects. Students 
were asked to present shade/shadow 
analysis and comfort levels, based on which 
their design was adapted. One of the main 
problems faced in teaching software was 
the lack of acquaintance with the basic 
processes, especially with non-visual 
applications such as infiltration. This led to 
unrealistic numbers being put to improve 
simulation results. Students also did not 
consider environmental factors as sufficient 
to change their design; therefore, 
willingness to learn was an important factor 
in the success of the experiment. This is 
very relevant to the problems that we might 
face in our own experiment. An example of 
students work was given[5]. 
 
In a university in Brazil, a paper addressed 
the problems of a Brazilian university 
(UNICAMP) and its architectural program 
which lacked a bioclimatic design studio. 
They started by a brief coverage of using 
simulation tools in Brazilian universities 
and went on through a traditional research 
phase before beginning the design phase. 
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During the design phase, they referred to a 
simulation expert, and modified their initial 
design based on the results. The results of 
this experiment showed that students 
preferred to simulate day lighting as 
opposed to thermal effects and students 
were encouraged when they saw 
modifications to colleagues  designs[6]. 
 
Another study investigated the academic 
use of thermal analysis software 

. ECOTECT was the most 
common, along with simulation tools such 

Energy-10 ,  and 
C . In conclusion, the author 

stated that a survey should solicit feedback 
from firms to find out their preferred 
software to be taught in schools[7]. 
 
On the issue of integration, a paper was 

performance simulation within a higher-

investigated when and how building 
performance simulation (BPS) should be 
introduced to architecture and engineering 
students. Thus, they put together a course 
for both architects and engineers, consisting 
of a class and studio. In the studio, students 
deal with three problems. One was an 
upgrade of an existing building on campus. 
The aims of the course were two-fold: first, 
to establish a working relationship between 
architects and engineers on environmental 
issues before graduation, and second to 
encourage incorporation of BPS tools early 
in the design process. The authors also set 
out questions that this experiment raises for 
future research[8]. 
 
The authors of a similar paper investigated 
the suitability of ECOTECT as a design 
tool to be used by architecture students. The 
teaching of ECOTECT was included as part 
of three design courses at several levels of 

factors were assessed, including their 
modeling strategies, effect of strategy on 
weight of file, the level of improvement in 
final projects due to ECOTECT, and the 

interest of students themselves. It was 
found that students were far more interested 
in learning building physics concepts 
through practical experience as opposed to 
traditional lecturing. However, the extent of 
their learning is dependent on the t
ability to include theory, when needed [9]. 
 
In a related study by Reinhart et al., the 
authors expressed their belief that the key 
problems in building simulation are that 
architects do not know how to read energy 
simulation outcomes or how to incorporate 
them into design. The authors produced a 
game where students were given several 
options and had to collaborate to design the 
most energy-efficient building within cost 
limits in a 90-minute exercise. This was 
tested on Design Builder and the simulation 
results returned to students to improve their 
design. The result was a more engaged and 
interested classroom with students who 
became much more interested in simulation 
software and environmental design in 
general. It is important to note the need for 
quality control in future experiments to 
avoid guesswork by students [10].  
 
Finally, a paper started with covering the 
key concepts relevant to building energy 
dynamics. It then proceeded to outline three 
teaching approaches: first, existing 
modeling software in which an instructor 
taught and students followed with their own 
models; second, a custom simplified 
modeling approach in which there is an 
input and output screen and changes made 
in the input reflect in the output; and third a 
game-based approach similar to that carried 
out by Reinhart et al. It concludes by 
comparing all three approaches and 
presenting the game-based approach as 
most conceptual but most favorable so far 
[11]. 
 
2. Methodology 
As mentioned in Debaillie , three 

-
Quest in class, Back-of-the-Envelop and 
Game based. s a 

Page 255 / 522



Building Simula on Cairo 2013 - Towards Sustainable & Green Built Environment, Cairo, June 23rd - 24th 
Topic name: Environmental Design Education 

 

 

learning-by-doing 
students to individually interact using their 
own design project during class and 
experiment with simulation tools focusing 
on a single design criterion so as not to be 
distracted by the overwhelming number of 
variables. Because of the students  
background in building physics and systems 
and their general technical ability to work 
with the tools in a short time, it was 
understood that they would not be ready to 
conduct a full scientific energy simulation 
exercise. This exercise is their first hands-
on training and was proportional to their 
abilities given their stage in the program. 
Therefore, an easy to use simulation tool 
was recommended for instruction and the 
installed programs were as follows: 
EnergyPlus v.7.2; Sketch Up Pro 8, and 
Open Studio legacy add-in extension. 
Students were first allowed to install the 
programs on their own laptops, a two hour 
tutorial was given, and a follow up 
discussion took place to make sure all 
questions were answered. A questionnaire 
was circulated before the training and 
another after the training to measure the 
student acceptance of this method for 
design development and to get written 
student feedback to advance the 
development of the course in the future. 
 
Students were given a single task to 
experiment with their proposed building 
form to generate the optimum compactness 
possible. Gratia and De Herde previously 
stated the heating load of small buildings 
can vary by around 25% from the most 
compact to the most sprawling designs[12] 
where the  coefficient is 
measured as the ratio of building volume 

often used in Europe[13]. Students used 
plans developed during the schematic 
design stage, and each was asked to 
simplify the building form and experiment 
until reaching the best compactness ratio. 
Many of the simulation assumptions were 
standardized across the students to isolate 
all other factors and focus only on the 

relationship between form and energy 
consumption.  
 
Experimentation and results: 
In advance of conducting the training a 
Before

was distributed, After
questionnaire (Questionnaire B) was 
distributed after the completion of the 
exercise and submission of results: The 
objective of Questionnaire A was to map 
out the student skills and familiarity with 
building simulation, background 
knowledge, and hands-on training. The 
results of the questionnaire revealed the 
following: 67% of the students had 
previous training on thermal analysis tools. 
The breakdown of the tools show 
ECOTECT as the main tool used, as shown 
in (Fig.1). 
 

 Fig. 1.  Tools generally used by the students. 
 
On the areas of application, 29% used it as 
part of a previous course on environmental 
controls but not in a design specific task. 
Another 15% applied it in day lighting 
studies, and about 4% used in to present the 
weather patterns only. In other words, a 
staggering 52% studied the tool in a tutorial 
but never used it or attempted to use it 
during a design project (Fig.2). 
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Fig. 2.  Common areas of application by students 
 
When asked who benefits from the using 
the tools, almost 68% reported that 
architects are the main beneficiaries (Fig.3). 
 

 
Fig. 3.   opinion on the beneficiaries of 
using this tool 
 
On the question of when to introduce the 
tools to the students and in which stage, a 
nearly equal split was observed between the 
conceptual, schematic and design 
development stages (Fig.4). 
 

 
Fig. 4.  Stage to involve simulation tools 
 
On the question of which areas of the 
project would be highly impacted by using 
energy simulation tools during design 
development, a split decision was observed 

among the students with nearly equal 
percentages choosing the architectural 
form, choice of materials, and the design 
process itself (Fig.5). 
 

 
Fig. 5.  Areas of impact during design development 
 
On the question on whether the energy 
simulation tools will limit the ability of the 
students to design creatively, 26% of the 
class agreed with the assumption of the 
limitations. To understand the reasons that 
discourage students from using energy 
simulation tools, 39% of the students 
reported that it requires prior knowledge to 
operate successfully, while 35% and 26% 

help with all aspects of the design process 
(Fig.6). 
 

 
Fig. 6.  Reasons that discourage the students from 
using the tools during design development 
 
Finally, students were asked to predict what 
building form is the most compact and 
therefore most energy efficient. 22% 

to be the most compact and energy efficient 
(Fig.7). 
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Fig. 7.  act forms prior 
to training. 
 

Students were asked to consider default 
assumptions (Table.1) with respect to the 
simulation itself to focus primarily on the 
relationship between building form and 
energy consumption. The following 
assumptions were common across the 
students: 
 

Table 2.  Default assumptions 
Number of People/100m2 5.382 

Lighting Power density (W/m2) 10.7639

Electric equipment density (W/m2) 10.7639 

Outdoor Air per Person 
(L/sec/person2) 

2.36 

  Outdoor Air per Area (L/sec/m²): 0.305 

Infiltration rate (ACH) 0.5 

 
On a scale of 1-10, students were asked to 
rate their capability of using the tools 
before and after training. The majority of 
the class reported a low to moderate 
capability while a small percentage reported 
a moderate to high capability of using the 
tools before training and an increase in 
capability was observed after training 
(Fig.8). 
 

 
Fig. 8.  Comparison of capability before and after 
training. 
 
Immediately after training the following 
results were observed: 55% of the students 
agreed to the introduction of the tools 
during the schematic design phase, and 
52% agreed that experimentation with tools 
at the individual level is more beneficial to 
the students than group work. This was 
followed by a question on the methods of 
teaching, and 67% preferred a direct hands-
on experimental approach with specific 
tasks relevant to the project design 
development while 14% preferred a Game 
approach, Traditional 
lecture lab with homework assignments,

Online 
tutorials (Fig.9). 
 

 
Fig. 9.  Preferred method of Teaching 
 
At the end of training students were given a 
task to study the compactness of their 
proposed building forms. As mentioned 
previously, the majority preferred  
and after training it was validated that it is 
the most compact form followed by forms 

 (Fig.10).  
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Fig. 10.  
compact forms 
 
Discussion: 
The approach presented in this paper was 
inspired by previous teaching approaches of 
energy simulation in the class room. The 
experimental approach presented in this 
paper was to overcome three main 
challenges that often exist in the classroom, 
based on our experience: A thorough data 
understanding of the input and output 
variables required to complete a successful 
energy simulation process, scale of exercise 
to complete in time and in relevance to the 
ongoing design project, and introduction 
time of utilizing energy simulation both at 
the program level and the project stage.  
 
We have utilized an online tool that is easy 
to download and we were careful to make 
sure every student completed the exercise 
individually as it has been observed in the 
past that group work may work against non-
participating students, which will in turn 
impact the overall final evaluation of 
students. This experimental approach 
depends on incremental tasks given to 
students in lieu of a full scale simulation; as 
a result, many of the assumptions were 
common across all participants to make 
sure secondary errors were eliminated 
during the modeling process. The following 
table (Table 2) describes the design 
guidelines generated from the student 
experiments in terms of compactness data, 
volume, surface area, EUI, primary and 
secondary preferences for building form. 

 
Table 2.  Baseline results (design guideline) 

Built up Area 
 5,445 m3 

Volume 18,767 m3 

Surface Area 10,255 m3 

Compactness 1.8 

Energy Use Intensity 
(EUI)  198  

Primary Preference  C 

Secondary Preference B, E 

 
Conclusion: 
The method presented in this paper adopts a 
learning-by-doing  experimental approach 

for students who are half way through their 
architectural program and who have 
completed one classroom based course on 
environmental design controls. The training 
provided to the students did not involve any 
consultants but was structured so that 
students ran the simulations themselves. 
The questionnaires and collected results 
were designed to adv
learning skills with respect to building 
energy simulation to use while in 
development of the schematic design level 
of their projects. In addition, the goal of the 
questionnaires was to collect student 
feedback that can be beneficial as this 
experiment is repeated in future 
coursework. One concern of this method 
and the use of the tools in general are 
creating design proposals driven by the 
tools rather than by the student  innovative 
capabilities. During the exercise the 
students repeatedly asked whether to adopt 

C
preference, which in turns started a debate 
between 

,
that many of design studio instructors 
would try to avoid. But, is it problematic 
for architectural students to think with tools 
as primary design approach? There is no 
simple answer. Architectural students 
understand from repeated instruction the 
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importance of efficiency and carbon 
emissions. We observe programs that 
require students to certify their projects 
using multiple rating systems while in 
class; therefore, the growing need for 
architectural students to use energy 
simulation tools is critical. What we are 
sure of is the growing need and importance 
to train students to understand the 
importance of their design decisions on the 
overall energy consumption early in the 

office environments so they are ready to 
integrate in high performance building 
projects in the future. Future phases of this 
work include the incorporation of student 
feedback, increasing the assignments 
beyond just the calculation of compactness 
and the relationship to energy consumption, 
and expanding the analysis to more than 
one building zone.  
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Abstract: The course of the control systems in buildings was an elective course offered to junior students in
credit-hour system .The course aimed at providing students, who are not energy experts, with a tool that enables
them to use energy consequences in designing sustainable buildings, in addition to enhancing critical thinking.
To fulfill the course objective, a group of non-systematic teaching methods were applied. Thus the main goal of
this paper is examining the application of a group of methods, in environmental design education, to
promote critical thinking, to go beyond the limits of academic teaching and to influence students while
creating an effective learning environment. This approach is fulfilled through the analysis of the course

methods, techniques and tools were adopted,
including debating, case studies analysis, mind mapping, team work and various decision-making techniques.
The main challenge was that these students were not architecture specialists, as their curriculum concentrates on
other issues including civil works and management, in addition to environmental courses. The paper conducted
analyses of the case study of the course, where the tasks performed by students, together with an evaluation of
their satisfaction with the course and its overall impact on their environmental awareness, choices and exam
results were analyzed. The results of this analysis, though very beneficial to any instructor working in the field of
environmental education, should be limited to elective courses including a small number of students, to be fully
beneficial.

Keywords: Teaching methods, Learning Environment, Control Systems(C.S), Architecture

1. Introduction 

    This research examines the introduction
of a group of non-systematic teaching
methods, techniques and tools in
environmental design education. It aims  at
verifying whether there is a significant

learning styles and both their results and the
satisfaction obtained from the usability of

strategies in lectures, sections, or other
practical activities. The paper suggests that
the process of adapting the teaching style of
the professor to the learning style of the
students would lead to a stable rise in the
academic performance. This adaptation

    The course of the control systems in
buildings (C.S) is an elective course offered
to junior students in credit-hour system
.The course aimed at providing students,
who are not energy experts, with a tool that
enables them to use energy consequences in
designing sustainable buildings, in addition
to enhancing critical thinking. This course
comprised a three -hour lecture and two
hours for practical work per week.
Throughout the (C.S.) course, different
teaching methods, strategies and tools were
adopted, including debating, case studies
analysis, mind mapping, team work and
various decision-making techniques. The
students involved in this course were not
architecture specialists, as their curriculum
concentrates on other issues including civil
works and management, in addition to
environmental courses. The process of
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pattern of thinking formed a big challenge. 

1.1. Problem Definition 
    Teaching environmental control systems
to students who are not purely architecture
specialists without adopting a group of
strategies that include the integrity between
both theoretical and practical aspects would
create a monotonous learning environment.
This will, in turn, lead to a low-efficient
learning experience. Students in such poor
leaning environment do not make good use
of the knowledge and data extracted from
environmental courses into their practical
work and projects. In other words, as long
as the students are not
knowledge they had in environmental
courses, they will not be able to think
critically and will not make full use of it. 

1.2 The Main Purpose
    The main goal of this paper is examining
the application of a group of methods,
strategies and tools, in environmental
design education, to promote critical
thinking, to go beyond the limits of
academic teaching and to influence students
while creating an effective learning
environment. The work presented in this
paper is an attempt to design a learning
environment to teach (C.S) in buildings to
students who are not purely architects.

2.  Critical Thinking and Educational
Systems

       In setting efficient educational systems,
the process of increasing and improving
critical thinking of learners is emphasized
through the integration of the concepts of
critical thinking in the curriculum.[1] 

thinking in which individuals
systematically and habitually impose
criteria and intellectual standards upon their

-evaluates,
self-

[4]. And as involvement, logical decision
making and taking responsibility for what

we do. [5] Critical thinking is considered to
belong to a higher cognitive level of

new version is illustrated in figure (1),
which involves analysis, evaluation,
synthesis and creation.[6][7]
Thus critical thinking includes both high
cognitive skills and sufficient desire for
development and application [8]

 (new version) [7]

1.1 Educational Methods and Teaching
Techniques

    Generally, educational methods are
divided into two main groups. The first
group is the student-

two groups are different, they both involve
the application
n

s

techniques are classified into several
brain-

question and a m pair
and group w role-p
creative d

educational environment is divided into two

vary from traditional and digital tools. [9]

    Nevertheless the choice between the
previously discussed teaching methods
varies according to a number of factors,
these factors include: the course content,
characteristics of students, characteristics of
the instructor and characteristics of the

Evaluative 

Analyzing  

Applying  

Understanding  

Remembering  

Creating  
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educational tools. [9] Table 1 identifies the
factors affecting the choice of teaching
methods in the course of (C.S) in buildings.

Table (1): Factors affecting the choice of teaching
methods in the course of C.S.in buildings

Factors Details
Course
Content

Includes most of the passive
and hybrid environmental
control systems and some
active control systems in
buildings.

Characteristi-
cs of students

Age of
students

21-22 years

sex Both male and
females

Field of
professio
n

Environmental
engineering

Characteristi-
cs of the
instructor

qualificat
ions

Master degree in
environmental
buildings, several
published papers
in Environmental
issues.
PHD in Facility
Management.

Characteristics-
of the
educational
tools

Formal
educati
on

Classroom,
workshop and

Remote
education

Online group for
remote
education

2.1. Environmental Design Education in
the Context of Creative Thinking

Environmental design education mainly
includes mainly theoretical lectures that are
based on the transfer of information and
evaluation. When merging the
environmental design education in the
context of creative thinking, the nature of
such type of education adapts to include
creative workshop activities. While
theoretical lectures are teacher-oriented, the
workshops include both teacher-oriented
and student -oriented educational methods. 

3. Methodology 
The population for this experiment includes
all the students of control systems in
buildings course. 
The data collection and analysis involved
three main tools. The first one is a small
sized questionnaire to assess the 

influence of the course on them. Then,
analysis of the assignments was applied,
where the output of the students was
analysed in order to trace the impact the
course had on them; the influence was
traced through analysing the quality of
samples of the work submitted by the
students in both individual work and group
work. Finally, a comparative analysis was
held between the final exam grades of the
2013 fall semester students and the final
exam grades of the 2011 fall students.
Table (2) shows the different attributes of
the applied methodology of this paper, and
their relationship with the overall objective
of the paper.

Table (2): The attributes of the applied methodology

Stages of
implemen
tation

Tools and
techniques
applied for
data
collection
and analysis

Assessed
attributes Gene

ral
Objec
tive

1-Assessin
g results
of final
exam

Comparative
analysis

The
performanc
e of
students in
exam
compared
to other
students in
the same
course.
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Stages of
implemen
tation

Tools and
techniques
applied for
data
collection
and analysis

Assessed
attributes

2-Assessin
g the
end
results
of
students.

Analyses of
assignments
and the output
work of
students.

The
influence of
the course
on the
quality and
depth of the
end
products.

3-Assessin
g the
reactions
of
students
towards
the
course

Questionnaire The real
opinions
of the
students
about the
degree of
influence
of the
course.

4. The Case Study 
The course of (C.S) in buildings is an
elective course in the new programs of
credit hour system in the Faculty of
Engineering, Ain Shams University. The
course is a graduate-level course that is
offered to students in their final year. The
course includes 75 credit hours and its
target group is engineering students who
are not purely architects as they study
architecture courses as electives and apply
the obtained knowledge from such courses
on a comprehensive project that extends
throughout the whole final year. 

4.1 Class Background
The class consisted of a mixture of lectures,
in-class exercises, assigned sections, team
projects, presentations, discussions, and an
examination. The students were encouraged
to take active control of their learning,
express and support their ideas, make
predictions and hypotheses and test them by
different evidences extracted from research
work.
They worked both individually and in small
groups and presented their work to the
classroom for debate. Students were to
make their ideas overt, to compare them

with those of other students and to give
explanations. Emphasis was also placed on
giving the students the opportunity to use
graphical methods including mind maps,
checklists and charts.

4.2 Teaching Method of the Course
The four main elements of the educational
experience adopted in the C.S. course
including educational method, teaching
techniques, educational environment and
educational tools are illustrated in figure
(2). 

Educational
method

Teaching
techniques

Educational
environment

Education
tools

Fig. 2. The components of the educational
experience in the C.S. course. 
 

The teaching methods adopted in this
course involved the use of a number of
tools. Table (3) shows a brief description of
each tool and the field of its application
relative to the course content.
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Table(3). Tools adopted in C.S. course

Tool Field of application
Mind
maps

In setting a strategy for the
selection of the cooling and
ventilating system for
different types of buildings.

Checkl
ists

In analyzing the different
control systems existing in
real-life case studies

videos In illustrating different
features of control systems in
buildings and other related
issues, showing the
convertible, movable and
adaptable buildings.

Charts In comparing different
passive heating/cooling
strategies

Team
work

In setting a strategy for
cooling systems selection and
in analysis of wind movement
in own
apartments.

Simula
ting
wind
movem
ent

In each student own
apartment, to analyze the
efficiency of natural
ventilation and add solutions
for improvement.

4.3 Strategy of the Evaluation of Course
Students

The analysis of the case study course
included the evaluation of the students
reactions towards tools and teaching
methods applied. Table (4 ) shows the tools
adopted in the C.S. course and the type of
influence they had on the students. The
students were asked to check the influence
they agree upon for each individual tool.

Table(3). Examining the reactions of students

Tool/method Type of influence % of
confirming
students

1.The use of
debates

Persistent in
memory
Related to the with
course
Intensifies the
interest
Clear in mind
Found amusing

2.Self
learning
3.Self-
evaluation
4.Team work
5.Case studies
6.Mind maps
7.Simulation

The students were asked to give a ranking
to the tools applied in this course, starting
by 1(very beneficial), 2 (moderate) and 3
(less beneficial).
Finally the students were asked two
structured questions that reflect their overall
reactions towards the course as follows:

- How much did the course of:

thinking concerning environmental- related
issues?

Very
much  

much   neutral  little   very
little

- ol
 your final

design project?
Very
much  

much   neutral  little   very
little

5. Results 
The results of this study are discussed in
terms of the previously discussed
methodology, starting with assessing the
results of the final exam, assessing the end
results of students and finally, assessing the
reactions of students towards the course.

5.1 Assessing Results of Final Exam
Compared to the students who had the same
course in the fall 2011 semester, it is
obvious that the level of  grades
has risen, as shown in figure (3).

Fig. 3. Comparing the performance of the students
in two different semesters.
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5.2 Assessing the End Results of 
Students 

When assessing the end product of the
students, a number of issues was released
,including interest about the course, desire
in performing deep research in topics
relevant to the course content, quality of
work submitted and creative thinking
abilities.

5.5.1 Interest about the Course
The students has shown great interest in
presenting the tasks required from them,
whether in individual work or in group
work. Figure (4) shows sample of the

 work where they were asked to
show the wind movement in their own
apartments through 2D drawings. Some of
the students presented their work in 3D
form simulating the real wind movement,
figure (5). They even added some interior
shots showing the impact of adding
treatments to the interior walls (figure 6).

Fig. 4. the original requirements in 2d form
 

Fig. 5. simulating wind movement through 3d
models

 

Fig. 6. adding interior 3d shots for suggested
treatments

5.5.2 Desire in Deep Research
Some of the students  work reflected  their
increased interest in making deep research
on topics related to the course content,
figure(7) shows an analysis performed by
one of the students to the real wind
movement in the zone of his apartment. 

Fig. 7. deep analysis for the real prevailing wind direction
 

Fig. 8. Quality of presented work by the course students

5.5.3 Quality of Submitted Work 
The end product of most of the course
students was always presented with a high
quality of presentation techniques and using
efficient graphics and good visual design.
The students, though not purely architects
have submitted their drawings in full detail.
(Figure 8)

5.5.4 Creative Thinking Abilities
Students at this course have showed
creative thinking in different assignments
that demanded the design of shading
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devices, enhancing natural wind movement
through space, and setting a selection of
strategies for different passive, hybrid and
active control systems. Figure 9 shows a
mind map generated by the course students
in class, where they designed the map to
help designers choose from among different
types of passive systems. In another words
they made a design-making tool based on
concepts discussed in the course. They also
generated checklists as an assessment tool
to real buildings. The checklist included all
the features that should exist in a building
to be categorized as green (Figure 10).The
feasibility of this list was examined by the
students on real buildings.

Fig. 9. Sample mind-map generated by students as a
decision making tool

Strategies Used

Main Category Sub Category Sub-Sub Category

Heat Prevention
Gain

Shading Building
Component

Shading Element
(hz. vert. compund roof)

Envelope Cavity wall
Double roof

Insulating membrane
structure

Green roof

Soil sink
Active earth insulation

Glazing Material

Evaporative
cooling

Passive Green Edges
Water Edges

Hybrid Desert Cooler

Earth tube heat exchanger

Hydronic radiant cooling

Active Evaporative cooling towers

Passive Cooling (Ventilative) Cross
Ventilation
Stack Effect

Combined

Passive Cooling
(Radiative)

Direct Mass Effect

Indirect Movable Roof Insulation

Water Filled Plastic Bags

Roof Radiant Material

Passive Solar Heating Direct Solar collector

Indirect Storing mass (Trombe
wall)/(Water wall)

Roof pond

Isolated Sun space

Thermosiphon

Daylighting Windows
Skylights

Clerestory
Windows

Sawtooth

Atria

Light Tubes

Light Shelves

Fig .10. sample checklist generated by the students
as an assessment tool

 

5.3 Assessing the Reactions of Students 
It is worth mentioning that  when the course
students were asked to participate in the
course evaluation they all attended
willingly, although this evaluation was
done three months after the course has
ended.
Table (4) shows the results of the
evaluation of students reactions towards
different methods adopted in the course of
control systems. Table (5) shows the results
of the rating the students gave to the course
tools.
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Table 4. The evaluation results
The use of
debates in
this course

% of
students
agreeing

The benefits
of self
learning
presentations

% of
students
agreeing

Not boring 71% Clear in
mind

86%

Being
persistent
in the
memory

100% Reinforces
the
information

100%

Related to
the course

86% Found
amusing

57%

Intensifies
the interest

42% Being
persistent in
the memory

100%

Easily
memorized

100%

The benefits of
self evaluation of
interactive
presentations

N
o.
of
pe
o
pl
e

%
of
stud
ents
agre
eing

The use of
working in
teams in
class

No.of
peopl
e

% of
studen
ts
agreei
ng

Found amusing 6 86% Increases
permanence

7 100%

Reinforces the
information

7 100
%

Clear in mind 7 100%

Related to the
course

5 71% Reinforces
the
information

6 86%

Found
amusing

7 100%

Intensifies
the interest

7 100%

Increase
desire to
make course

7 100%

The impact of
analyzing real-
life case studies

N
o.
of
pe
op
le

%
of
stud
ents
agre
eing

The benefits of
setting mind
maps

N
o
of
pe
op
le

% of
studen
ts
agreei
ng

Increases
permanence

7 100
%

Increases
permanence

6 86%

Representing in
the mind

6 86% Clear in mind 7 100%

Reinforces the
information

7 100
%

Reinforces the
information

7 100%

Found amusing 7 100
%

Found amusing 6 86%

Intensifies the
interest

7 100
%

Intensifies the
interest

7 100%

Increase desire to
make course

7 100
%

Increase desire
to make course

6 86%

Persistent in the
memory

6 86% Persistent in the
memory

7 100%

The impact of Simulating  wind
movement and suggesting solutions for
improving natural ventilation in the
students own apartments

No of
people

% of
students
agreein
g

Increases the permanence 7 100%
Representing in the mind 6 86%
Reinforces the information 7 100%
Found amusing 7 100%
Intensifies the interest 7 100%
Increase desire to make course 7 100%
Being persistent in the memory 7 100%

Table 5. The evaluation results
reactions

Rank(
1,2,3)

Tool % of
students
agreeing

1 Mind maps (100%)
2 Checklists (57%)
1 videos (57%)
2 Charts (57%)
1 Team work (100%)
1 Simulating wind movement (86%)

How much

environmental- related issues?
86
%

Very
muc
h  

14
%

muc
h   

neutra
l  

littl
e   

very
littl
e

ct your final design project?
43
%

Very
muc
h  

57
%

muc
h   

neutra
l  

littl
e   

very
littl
e

6 .Conclusions 
Based on the previously discussed results, it
is obvious that the C.S course had great
influence on all the students who attended
it.

- 86% of the course students agreed that
the course has affected their pattern of
thinking concerning environmental
issues, while the rest of them described
its degree of impact as 
- 57% of the course students agreed that
the course has affected their final
project
affected their project

The course has also affected the final
grades of the students positively:

- 28% of the students got A grade in
the 2013 semester, while no student
got this grade in the 2011 semester
for the same course.
- 72% of the students got a B grade
(B+ and B compared to 42% of
2011 students.
- None of the 2013 students got a C
grade compared to 28% of the 2011
students.
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Finally, it is recommended to continue
examining the benefits of the teaching
methods, techniques, tools and environment
adopted in this course as some more years
will be needed to get exact results.
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Abstract: Recently efforts have been exerted to integrate both environmental awareness and sustainability issues
into architecture education and practice across the board in Egypt. Although the interest in sustainable design
teaching and learning started more than 20 years ago on both undergraduate and post graduate levels in Egypt,
there is still an ecological illiteracy in architecture practice. The current efforts are not enough to cope with the
importance of lodging green design principles in architecture tutoring and professional practice. Practitioners
should be aware that it is now a global necessity to learn and practice sustainable and ecological design.
Moreover they should have the chance to experiment and test the efficiency of such principles in virtual reality
labs, using 3D modeling, and simulation tests together with onsite experiments. Another perspective is the
relation between the design-build and community outreach projects with market demands together with green
building codes. Taken into consideration, the perspectives mentioned above should encourage practitioners to
start a green sustainable design career and practice. This paper will show a practical example in a passive design
training workshop for practitioners in Egypt. It will discuss the different workshop phases, starting from the
practical training on passive design concepts till the application in a real design project. Then will explain the
design outcome and the implementation building process. The paper will furthermore analyze this experiment
and discuss around how it can be a pilot model in encouraging both sustainable passive design and urban
practice in Egypt. Recommendations are set for further assessment and evaluation of this passive design training
and practice. 
 

Keywords: Ecological literacy, Passive design, Sustainable design practice, Thermal comfort, Egypt.

1- Introduction:
Concern and interest in passive design has
increased lately in the last decade as part of
several movements towards more
comfortable and resource-efficient
buildings [1]. Passive strategies have been
used around the world for centuries [2]; one
clear example is our vernacular and
traditional buildings across the Egyptian
land. It is only in the past 60 years, since
the beginning of using mechanical heating
and air conditioning systems, that we have
become dependent on artificial temperature
control and less reliant on common sense,
low-tech strategies to keep our buildings
comfortable.

When fossil and nuclear fuels have such
high environmental impact, we cannot
ignore or discard using low technology,
renewable energy and passive design
methods [3]. For the last ten years, Egypt is
facing deficiency in energy services and the

 energy self-sufficiency is
jeopardized [4] so these gradual decreases
of resources in Egypt ring an alarm that
signals it is high time to invest in applying
passive sustainable building concepts to
reduce the energy consumption in the
building sector.

According to the Egyptian New &
Renewable Energy Authority report for the
year 2010-2011 energy consumption in
residential buildings in Egypt amounts to
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above 40% of the total energy consumption
in the country [5]. Nevertheless, the design
of most residential buildings in Egypt does
not take into account energy efficient
strategies and principles that- if applied-
can lead to more effective thermal comfort
indoor and outdoor environment.

The mounting comfort standards in our
contemporary built environment, which
mainly are fossil dependent, are no more
economically sufficient or environmentally
viable with the current economical
problems and environmental hazards from
the building sector. From here came the
notion of introducing tailor made
workshops in passive design for
practitioners in Egypt. The goal was to
bring applicable passive technologies to the
doorstep of professionals and at the same
time help them address these issues in order
to open new channels of information and
knowledge for their clients as well. 

The idea started with a match making
process between service provider (trainers
and experts in environmental and passive
design) on one side and a consultant office
that had passion towards applying
sustainable design and construction
techniques on the other side. The process
started with an intensive three-full-day
workshop on passive design strategies. The
workshop made use of a current project in
the office which is designing an eco-
friendly training center in Fayoum as a case
study for the passive deign strategies
application during the workshop. 

 The paper in hand will discuss the
methodology applied during the three
workshop days in addition to the design and
construction process of the project. It will
also shed more lights on the passive design
strategies applied in the building design. As
it is still an ongoing project; the aim was to
show the possibility of applying passive
design low-tec and economical strategies in
contemporary practice. The paper will end
with recommendations regarding future

research assessment for the applied passive
design concepts in this project.
2- Methodology:

The methodology applied in this paper is a
qualitative approach discussing analytically
the passive design training workshop and
applying passive strategies in architectural
design and building practice. It started by
explaining the passive design training
phase. The aim was introducing passive
principles and discussing the benefits of
incorporating such concepts and techniques
for achieving both indoor and outdoor
thermal comfort. Moreover it showed how
passive strategies help in reducing building
energy consumption in construction and
operation building phases. Finally, it
discussed the design studies and working
drawings phase for a real design project and
ending with the building construction
phases. It was essential to set some
recommendation for future project
assessment, as this project is still ongoing,
and thus the methodology for evaluating the
final building product couldn't be achieved
at this research level.

3- Project Background

The idea of the project has started in June
2012, when a consultant firm in Cairo
decided to expand its scope in the field of
sustainable buildings design and
community development. It was then
decided to work on two main dimensions.
On the one hand, the company would
support one of the design managers to get
the LEED GA certificate. On the other
hand, a workshop was organized to train the
design team on sustainable design using
natural materials and passive environmental
techniques in collaboration with the
Egyptian Earth Construction Association

 plan was as follows:
investing in the team to ensure that they
become qualified at implementing those
approaches in future projects through
training courses and workshops. During the
passive design workshop preparation, a real

rd thBuilding Simulation Cairo 2013 - Towards Sustainable & Green Built Environment, Cairo, June 23  - 24  

Page 272 / 522



Topic name: Environmental design education

 

project came to the attention of EECA, a
Stencil Training Center in the village of
Khalta in Fayoum. The client is a Swiss
lady living in Fayoum, wanted to construct
a small sized eco-friendly training center
with minimum construction cost for female
housewives there. It is a way to increase
their income and improve their living
standard. It was then decided to consider
the implementation of the taught passive
techniques in this project as the practical
application part of the workshop.

2- Hints on Project Location and Design

Fayoum is located under arid climatic
condition and renounced for its year-round
warm climate. The climatic data of Al-
Fayoum district indicate that the mean
minimum and maximum annual
temperatures are 14.5 and 31.0
C° respectively [6]. So the solutions applied
were based on the study of the climatic
characteristics of Fayoum. One of the
design challenges was to keep the thermal
comfort range stable all the year round
without mechanical systems, so that the
building is warm in winter cold morning
days and cool in summer hot humid days. 

One of the facts that affected the design
decisions is that the building is used only
during day time and the majority of workers
are women. The gender aspects
affecting the perception and feeling towards
thermal comfort were taken into
consideration. Also other aspects were
taken into considerations among which
were maximizing the use of natural
lighting, cross ventilation and thermal
control.

The building stretches on an area of about
300 sq.m with neighbors surrounding from
all sides except the North-West which is the
main access to the building (Fig.1). In
regard to the design, the main idea was to
allocate all the rooms around a central
courtyard. Palm trees trunks were used as
columns for the whole structure. As for

walls two techniques were suggested. First,
till the height of about 90 cm, gabions
(closed steel angles frames filled with
gravel) were to be used. The remaining
parts of the walls were to be filled with
sand bags. For the ceiling the idea was also
to use half palm trees trunks with
intermediate spaces filled with sand and
gravel over a layer of water insulation
material. 

Figure 1A Google shot for the project site in
Fayoum 
However, the environmental sustainability
was not the only aspect for the
understanding of the project. It was
important to answer a question from an
economic angle: can the project be
self- The solution was
dedicating a space in the building to be
used as a showroom which was located on
the main street since it might have separate
access and different working hours.
Additionally, it was supposed to be given
the best location since it is considered a
source of revenue for the whole project in
order to maintain the building and promote
for the whole craft center.

3- Evolution of the Project
The project has passed through different
phases. Not only did changes occur to the
design, but also it reached an expansion in
the scope of work concerning execution
management and even fund raising.
However, the whole process might be
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summarized in four main phases starting
from the conceptual design and
until reaching the final execution. 

3.1 Phase I: Workshop and Conceptual
Design

This three days workshop took place at the
beginning of August 2012 (Fig. 2). The first
two days were dealing with theoretical
issues concerning passive design systems.

 

Figure 2 The firm team during the passive
design workshop
 

In the last day, participants were divided
into three groups with the task of creating a
conceptual design for the training center
according to the needs submitted by the
owner of the project. 

The project design focused on main passive
design principles: 

Building location and orientation; where the
building is orientated along the east west
axis to maximize the use of the cool
prevailing wind needed for passive cooling
coming from the north in summer time and
the southern sun rays needed for solar
passive heating in winter time. The biggest
façade was oriented to the north where the
most of the stencil working rooms were
located. The purpose was to ensure better
cross ventilation from prevailing wind and
the natural indirect light. The building
layout was compact with an internal semi
shaded court to act as a container for
storing cold air in summer time and as a

field for storing hot air in winter time. The
windows were designed according to the
sun rays angles in summer and winter. They
were designed in the south and west facades
in a way to allow in for the sun rays when
they are needed most in winter time for
heating, and in summer they were to be
parallel to the façade in order to reduce heat
gain. Insulation was considered for walls
and ceilings (including window insulation)
to minimize the heat gain specially from the
roof.  Thermal mass was one of the passive
design strategies that were considered. The
exterior walls were thick as 40 cm and
designed to be constructed from local stone
and rammed earth. That is an important
aspect, mainly for the western and southern
façade to maximize the time lag of heat
rays to the interior of the spaces especially
in summer mid-days. Also blinds made
from palm reeds and using softscape were
applied as a shading strategy for windows
for both west and south facades. Deciduous
trees were  to be planted in front of the
south façade and evergreen in front of the
western one.

At the end of the third day, the owner and a
representative of EECA joined the
workshop and each team presented its
design. The different passive solutions and
ideas in the three proposals grabbed the
attention of the owner as an approach of
environmental passive design. It was
decided to adopt the best solutions in each
proposal and try to combine them together
in one design alternative (Fig. 3).

It was agreed upon to have another meeting
with one of the local community members
in Fayoum who donated the land to start the
execution phase.
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Figure 3 Project  conceptual ideas produced

during the workshop

3.2 Phase II: Site Visit and Survey of
Appropriate Materials

The site visit was important for different
reasons. First, it was essential to grow
deeper our knowledge of site with its
natural, topographical and social aspects.
Secondly, it was extremely important for
the design development, working
documents phases especially concerning the
understanding of the availability of material
and the onsite costs. The plot is in a quite
vacant area without any special
architectural character. However, it was
obvious that concrete skeletons have started
to dominate the surrounding with some
traces of traditional construction systems
using local materials. (Fig. 4) The type of
women clothing and working habits was
also considered, as they also affects the
design decisions in terms of thermal
comfort.

 

Figure 4 The Plot Dedicated for the Project

3.3 Phase III: Design Development and
Construction Documents

As mentioned above, the visit and the quick
survey of available materials has played a
major role in the design development phase.
Two workshops were held between the
consultant firm design team and the
contractor in order to proceed with design
development and construction documents.
Actually, the site visit has brought forth two
main concerns regarding the chosen
materials and techniques. On one hand, the
conceptual design suggested the use of
gabions for the first few courses (Fig.5).
However, we realized there had been
already a local technique based on the use
of Fayuom Stone, which is one of the local
stones there.

On the other hand, the cost of those gabions
seemed to be uneconomic compared to
other alternatives especially since it
satisfies the same environmental
mechanism of heat transfer. Accordingly, it
was preferred to select the local stone for
the first few courses instead of the gabions.
Additionally, discussions have brought
up another alternative for the use of earth
bags in walls, which was sand bags that
might work as super adobe and rammed
earth. Using rammed earth was
ultimately the final decision  (Fig.5).
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Figure 5 Design development Phase outcomes

After all those discussions and workshops,
we have proceeded in finalizing all the
drawings and construction documents to
move towards the last phase of the
execution. (Fig. 6)

3.1 Phase IV: Execution
Fund raising was a crucial barrier that stood
against the execution of the project. Due to
the unstable current political situation,
some individual donors cancelled their
support for the project while the process to
get local and international funds went quite
slow. This problem has raised some ideas
that considered starting with parts of the
building, the training room and the
showroom to support the project building
cost. Then, an opportunity appeared to
apply for fund from the Swiss Agency for
Development and now the construction
phases are ongoing.

Figure 6 Final Plan and a Wall Section from
the Submitted Documents

4- Discussion:

This paper is discussing the importance of
providing urban planners, architects,
landscape architects, engineers and building
designers with passive design principles,
strategies and guidelines that cope with our
hot climate, which was unfortunately
forgotten along the years.  The benefits of
applying passive design principles are
effective and useful when they are
incorporated into the entire design and
build process, from site selection onwards
[7]. Each of these passive design principles
or strategies works with each other to
achieve comfortable temperatures and good
indoor air quality.

Using passive design strategies can reduce
temperature fluctuations along the year
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seasons [8], improve indoor air and outdoor
quality and can also reduce energy use and
environmental impacts such as greenhouse
gas emissions and their direct effects on
increasing the earth temperature [9].

Challenges we face nowadays to apply
passive design low-tech techniques are but
not limited to those environmentally
friendly materials that are now hardly
available, also local suppliers are usually
not familiar with material specifications. In
addition to that, the majority of contractors
in Egypt are not used to work with these
materials. Also the know-how of traditional
passive techniques is being lost [10]. Add to
that the Egyptian building laws lack proper
green building construction code together
with regulations and legislations for green
sustainable buildings.  And when it comes
to building material specifications there are
no codes for traditional and vernacular
building materials or building techniques.
Therefore, there is an urgent need to create
an Egyptian sustainable building code that
include the full spectrum of natural building
materials and techniques from masonry,
wood, adobe, rammed earth till straw bale
structures.

It is essential to encourage practitioners and
professionals to use passive design
techniques and to recall and reuse the
know-how of our traditional passive design
principles in all design phases. In addition
to that practitioners should be trained on
how to market such ideas to their clients
through discussing comfort and health
benefits together with saving energy costs.
However there is also a challenging task as
most of the clients look at short term costs
rather than long term benefits. 

5- Recommendations:

Energy efficiency measurements should be
conducted after the building complete
construction and operation. Energy
consumption measurements and life cycle
assessment for building materials is
recommended to be accomplished and then

compared to a similar building, constructed
with conventional techniques and building
materials. The success of this project will
be according to how far the building
managed to consume less energy and
provide thermal comfort (especially during
the peak hot and cold seasons) to its users
without using mechanical active systems.
Added to that is the providing  of an
appropriate work atmosphere using natural
lighting throughout the working hours of
the day. Also a post occupancy
questionnaire should be conducted to
measure the occupant comfort perception
during day time. Occupancy evaluation
survey will be a guidance to measure the
success of the building in terms of indoor
thermal comfort and natural day lighting.

6- Conclusion:

The paper addressed the importance of
working on increasing green design
awareness among practitioners and
professionals in the field of architecture and
building design. The aim is enhancing the
quality of designs that is based on reduction
of buildings energy consumption and
achieving thermal comfort from passive
solutions. That is attained through applying
passive techniques and improving building
and urban microclimate qualities while
responding to local climate and site
conditions. The paper showed an
application of applying passive design
principles and strategies in a stencil training
center for women in Khalta, Fayoum. It
tackled how the design should respond to
local climate and site conditions in order to

 and
health while minimizing energy use. The
main goal was to design a building using
the natural movement of air, passive solar
gain and cooling in order to maintain a
convenient indoor comfort. The aim also
was to show that it is possible to
incorporate passive techniques in
contemporary designs and that it is possible
to eliminate, or at least reduce, the energy
demand from using mechanical systems and
consequently reducing CO2 emissions, all
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through using passive solutions. This
research needs further monitoring and
assessment for the building energy
efficiency and how much it succeeded in
achieving thermal comfort for its users.
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Abstract: Previous investigations on Artificial-Neural-Networks, ANN have proved its ability to model and 
predict the energy demands in buildings. This work is an extension of strategic energy researches, which are 
devoted to energy efficiencies in governmental buildings in Egypt.  Present work is applied on simple office 
building as a case-study and spot on the influence of the effect of thermal parameters on energy demands with 
the aid of ANN as a durable tool in building energy modeling.   The model is constructed from a simulation 
package known as Hourly-Analysis-Program; HAP developed by Carrier Corp., provided with climatic 
conditions for Egypt.   Hourly energy modeling was carried out on pre-defined office buildings to estimate the 
energy demands at seasonal operating modes. Inputs and outputs of such modeling are introduced to learn the 
ANN package. Multiple combinations of Input parameters with different structures of ANN are used with the aid 
of feed-forward-back-propagation structure for modeling, which is trained by Levenberg-Marquardt-Algorithm, 
LMA.    The data time series generated includes the parametric input hourly variables used to predict their 
relevant energy consumption. These variables are introduced as input to ANN where the relevant energy 
consumption is shifted manually by one hour after extracting the data from HAP for validation process. Thermal 
parameters are extracted from HAP and simulation process is used to estimate cooling system and whole 
building energy consumptions on hourly base.   Previous works examine different performance parameters of the 
network at different number of neurons and then it define the best performing network with lowest Root-Mean-
Square-Error, RMSE, the present work will implement the optimized network on office building and then 
compare the results with the building real bill.    It was found that changing the input data has a great effect on its 
predicting ability. Thresholds are defined for assessment of the ability of the trained neural network such as Root 
Mean Square Error and coefficient of variation where at the best case they became 3.189 kW and 0.039 
respectively.  Finally this study will authenticate the ANN capability and assesses its predictability that could be 
used for the optimization of building energy modeling applied for Green Pyramid Rating Systems, GPRS.  
 
Keywords: Neural Network Applications, Energy modeling / Simulations, and ANN Energy Predicting. 

 . Introduction 
Different algorithms are used to predict the 
building energy consumptions such as the 
regression analysis,[1] and the complex 
equations,[2]. Artificial Neural Networks, 
ANN have proved its ability to model and 
predict the energy consumption in different 
building types,[3]. Present work presents a 
case study of governmental office building 
to study the influence of thermal parameters 
as ANN inputs on building energy demand. 
This will assess and authenticate the 
capability of ANN as a powerful tool in 
building energy predictions and modeling. 
 
 . Previous Investigations 
Many researches are published to know the 

ability and the possible outcomes from 
using artificial neural networks,[4]. It 
includes models for predicting the weather 
conditions like temperature, solar radiation 
and wind speed which could be used in 
energy demands prediction. Using artificial 
neural networks has been recognized 
widely as a way in predicting hourly energy 
usage of buildings.   Datta et.al. 1997, [5] 
compared among prediction performance of 
neural networks and multiple regression 
techniques. The prediction was on a half 
hourly basis to facilitate negotiations on 
electricity tariffs with the suppliers in UK 
and enables the control of maximum 
demand by shifting part of the load to 
periods of reduced demand. Yalcintas et.al. 
2005,[6] specify ANN in building energy  
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predictions role by using meteorological 
parameters like dry bulb, wet bulb and dew 
point temperatures, wind speed & direction 
and relative humidity.  
   
 . Model Construction 
A governmental office building was 
modeled using HAP software which uses 
time dependent heat transfer function in 
simulation. Modeled building incorporated 
most of the design features common in 
office buildings; the building footprint is a 
rectangular (42 m x 27 m) 5-stories. This 
building has three main zones. These 
thermal zones are defined as ground floor 
for exposition and receptions, first floor for 
library, second, third, and fourth floors are 
for offices.  IWEC Weather data was used 
as typical meteorological year for Giza.   
 
The data time series generated in the 
present work includes the hourly values of 
the building thermal parameters to predict 
the hourly energy consumption values. 
Different variables are introduced as input 
data to the ANN where the related total 
energy consumption is shifted manually by 
one hour after extracting the data from 
HAP.  The following parameters are 
extracted from the HAP program:  
  outside dry-bulb temperature ot(t);  
  Outside Dew point air temperature dp(t); 

Inside Dry Bulb air temperature it(t);  
  Inside Relative humidity rh(t); 
  Direct normal solar radiation sn(t);  
  Diffuse horizontal solar radiation sh(t); 
   Wind speed wi(t);  
  Time  of day     si(t)  = sin 2 h(t)/24  

       and             cs(t) = cos 2 h(t)/24  
     where          h is the hour of the day; 

  Day type (Working day , Holiday) dt(t).  
 

HAP simulation is used to hourly estimate:  
  Chiller energy consumption ch(t);  

And the  
  Building energy consumption el(t).  
 
The aim of this work is to predict the hourly 
building energy consumptions to examine 
the different performances of the previously 

selected network with lowest RMSE error. 

 
Fig.   

Schematic Diagram for ANN Architecture Used 
in Present Work [3] 

 
Figure 1 show the ANN model used in the 
present work. It consists of one hidden 
layer in addition to the input and output 
layers.   The hidden layer consists of ( n ) 
number of neurons that are used to feed 
inputs into the network ( n is a variable 
because it varies with the trial status ). The 
output layer contains one neuron from 
which the predicted energy demand is 
extracted. This three layer ANN model was 
sufficient for making a reasonably accurate 
prediction of energy prediction in office 
buildings [3]. Single hidden layer of neural 
network with hyperbolic tangent activation 
function and a linear output neuron are 
universal function approximators [7].  
 
 . Case Study 
The case study building is located within 
the site of Housing and Building National 
Research Center, HBRC, and is consists of 
five stories as an independent part of nine 
levels on which the net area of ground floor 
is 865.0 m2 including 170.0 m2 utility and 
services spaces, ground floor is utilized for 
exposition zone, reception hall, public 
relations department while first floor area is 
815.0 m2 including 130.0 m2 utility and 
services spaces, first floor is a library zone. 
Ground and first floors utilize 50% fresh air 
ventilation rates, which lead to cooling 
capacity of 352 kWC provided by chilled 
water system of an average energy demand 
about 136 kWh. 
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Second, third, and fourth floors are typical 
floors which are occupied by the Technical 
Inspection Agency, TIA. Each floor is 
served by individual air cooled packaged 
Direct Expansion, DX air conditioning 
system having cooling capacity of 210 kWC 
per floor and of an average energy demand 
about 84 kWh. Figures 2a, b, & c, show the 
layout plans of building under study. 

 Fig.  a 
Entrance & Ground Floor Layout 

 Fig.  b 
Fist Floor, Library Layout 

 Fig.  c 
Second Floor as Typical Floor, Offices Layout 

 
The ANN investigations will be focused on 
the ground and first floors that use chilled 
water system and results of trained neurons 

will be implemented on the typical floors 
with different cooling system to study the 
behaviors of the ANN modeling.  
 
 . Modeling Setup 
MatLab code that utilizes MatLab-ANN 
Toolbox is used in the process of training 
and learning the ANN. The code has 
different abilities to model and construct 
the ANN required features. The Toolbox 
offers several algorithms for training the 
network. The algorithms were tested in the 
study by Demuth et.al. [2]. The Levenberg-
Marquart-Algorithm, LMA appeared to be 
the fastest training algorithm. Different 
training algorithms were tried but they were 
slow compared with LMA algorithm, [3]. 
Hyperbolic tan-sigmoid functions, [4] are 
used as the activation function. The input 
vectors are first normalized. In the output 
layer, a linear transfer function is used.  
 
The hourly data set is for the time period 
from 15th of May to 15th of September 
where the air conditioning system operates. 
Data set is divided into training, validation 
and test data. The training period is from 
15th May till the end of August. The points 
in the data set are chosen randomly. The 
data set from 1st to 15th September are used 
as test data where the neural network hasn�t 
seen this data before.  Once the network 
weights and biases are initialized, the 
network is ready for training. So the 
network can be trained for our function 
approximation. 
 
There are a lot of parameters used for 
assessment of the obtained results; the most 
important parameters used to evaluate the 
obtained results are coefficient of variation 
(CV), and root mean square error (RMSE) 
indicated hereafter. 
 
Three types of graphs used in the 
assessment of the prediction, [3]. Most vital 
two graphs are indicated in figure 2a & 2b 
that show the error in form of root mean 
square error (RMSE) and performance 
parameters in form of coefficient of 
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variation (CV) against different number of 
neurons for train and test data.  
 

 
Where: 
t(i) is the target (Actual) data introduced for 
ANN and o(i) is the output data from ANN.  
 

 
Fig.  a   

Different Performance Parameters Vs. Number 
Of Neurons, Case III-4 

 
Fig.  b   

Different Performance Parameters Vs. Number 
Of Neurons, Case III-4 

 
It could be noticed that train and test data 
set has different ranges of energy 
consumption where the training data set has 
higher values for energy consumption than 
the test data set.  Figure 4a, 4b & 4c show 
the modeled data (from simulation) versus 
predicted (from ANN) for one week. The 
graph shows all the points fitted along a 
straight line for actual and predicted values 

one for training data and other for test data 
set which aren�t seen by network before.   
 

 

Fig.  a 
Target (Actual) Versus Output (Predicted) For 

Training Data, Case I-3 
 

 

 

Fig.  b  
Target (Actual) Versus Output (Predicted) For 

Test Data, Case I-3 
 
 . ANN Test Cases 
Modeling-I; Indoor conditions and outside 
weather conditions are used to know their 
effect for assessment of the prediction and 
forecasting ability. Tables 1a and 1b show 
eight trial cases on which inputs are 
introduced to the ANN with 1-hour time 
delay (t-1) to predict energy consumption at 
time (t). The following illustrates the cases 
and the performance for the test data set. 
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Fig.  c 
Actual And Predicted Energy Consumption 

Versus Time ( Hours ), Case I-3 
 

Table 1a 
 Input for Modeling-I 

 

Case Inputs 
I-  si (t-1),cs (t-1), ( Time ) 
I-  si (t-1),cs (t-1),dt (t-1), ( Time, Day type ) 

I-  
ot (t-1),si (t-1),cs (t-1),dt (t-1) 

( Outside Dry Bulb Temperature )  
( Time, Day type ) 

I-  
dp(t-1),si(t-1),cs(t-1),dt(t-1) 

(Outside Dew point Temperature, 
 Time, Day type) 

I-  wi(t-1),si(t-1),cs(t-1),dt(t-1) 
(Wind Speed, Time, Day type) 

I-  sn(t-1),sh(t-1),si(t-1),cs(t-1),dt(t-1) 
(Solar Radiation, Time, Day type) 

I-  
rh(t-1),si(t-1),cs(t-1),dt(t-1) 

(Inside Relative Humidity, Time, Day 
type) 

I-  
it(t-1),si(t-1),cs(t-1),dt(t-1) 

(Inside Dry Bulb Temperature,  
Time,  Day type) 

 
 

Table 1b 
 Results for Modeling-I 

 

Case CV RMSE ( kW ) 
I-  0.68 64.87 
I-  0.1179 11.24 
I-  0.0901 8.59 
I-  0.0935 8.91 
I-  0.1160 11.05 
I-  0.1465 13.96 
I-  0.1144 10.91 
I-  0.0109 10.39 

 

The ANN predictability is assessed by 
using time, day type, and single outside or 
inside parameter. In case I-1, only the time 
of the day is introduced as input to ANN. In 
this case it is noted that the ANN cannot 
define the proper energy consumption 
profile with large error and deviation in all 
performance diagrams. Case I-2, introduces 
the day type and the time was found to be 
very important for prediction improving. 
Outside dry bulb air temperature and dew 
point were effective input parameters; also 
inside air temperature and relative humidity 
have a positive way in prediction. Wind 
speed hasn�t relatively made a good effect 
in improving the prediction and adding 
solar radiation parameter have deteriorated 
the prediction accuracy in the test data but 
it has not been largely deteriorated in the 
training data 

 
Time series in figure 4c indicate the actual 
and predicted energy consumptions from 
ANN and are plotted against the number of 
hours for test data which the neural network 
hasn�t seen before. The pattern shows the 
energy consumption for five working days 
plus two days at weekend. Figure 4c shows 
the relation between the output data from 
ANN versus the actual target which is the 
energy demands from HAP simulation.  
 
Modeling-II; Combinations of inside and 
outside conditions are used to know their 
effect on assessment of prediction and 
forecasting ability. 8-cases are also used. 
The inputs are introduced to the ANN with 
1-hour time delay (t-1) to predict energy 
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consumption at time (t). The ANN 
predictability indicated in tables 2a & 2b is 
assessed by using combinations of different 
inside and outside parameters, case II-1 is 
for outside conditions, II-2 is for inside 
conditions, cases II-3 and II-4 are for both 
outside and inside conditions. Cases II-5 
and II-6 are for combining all conditions 
with and without wind speed with no 
significant difference in prediction of both 
cases.  In case II-7, by removing day type 
from input shows bad effect on prediction 
at all days. Best performance occurred at 
case II-8 using case-I-3 parameters.   
 
Modeling-III; Chiller energy consumption 
and total building energy consumption are 
used to know their influence on prediction 
and forecasting ability. The inputs are 
introduced to the ANN in same concept.  
 

Table 2a 
Input for Modeling-II 

 

Case Inputs 
II-  ot(t-1), sn(t-1),sh(t-1),si(t-1),cs(t-1),dt(t-1)
II-  it(t-1), rh(t-1), si(t-1),cs(t-1),dt(t-1) 
II-  ot(t-1), it(t-1), si(t-1),cs(t-1),dt(t-1) 
II-  it(t-1), rh(t-1), dp(t-1), si(t-1),cs(t-1),dt(t-1) 

II-  ot(t-1), it(t-1), rh(t-1), dp(t-1), sn(t-1), 
 sh(t-1),si(t-1),cs(t-1),dt(t-1) 

II-  ot(t-1), it(t-1), rh(t-1), dp(t-1), sn(t-1), 
 sh(t-1), si(t-1),cs(t-1),dt(t-1),wi(t-1) 

II-  ot(t-1), it(t-1), rh(t-1), dp(t-1), sn(t-1),  
sh(t-1), si(t-1),cs(t-1) 

II-  ot(t-1), it(t-1), rh(t-1), dp(t-1), si(t-1), 
cs(t-1), dt(t-1) 

 
Table 2b 

 Results for Modeling-II 
 

Case CV RMSE ( kW ) 
II-  0.1159 11.04 
II-  0.106 10.16 
II-  0.0847 8.077 
II-  0.0935 8.917 
II-  0.0558 5.32 
II-  0.0573 5.46 
II-  0.1277 12.17 
II-  0.0528 5.036 

 
Table 3a 

Input for Modeling-III 
 

Case Inputs 
III-  ch(t-1), si(t-1), cs(t-1), dt(t-1) 
III-  el(t-1), si(t-1), cs(t-1), dt(t-1) 

III-  
ch(t-1) + case II-5 [ot(t-1), it(t-1), rh(t-1), 

dp(t-1), sn(t-1), sh(t-1), si(t-1), 
cs(t-1),dt(t-1)] 

III-  
el(t-1) + case II-5 [ot(t-1), it(t-1), rh(t-1), 

dp(t-1), sn(t-1), sh(t-1), si(t-1), 
cs(t-1),dt(t-1)] 

III-  
ch (t-1)+ el(t-1) + case II-5 [ot(t-1), it(t-1),

rh(t-1), dp(t-1), sn(t-1), sh(t-1),si(t-1), 
cs(t-1),dt(t-1)] 

III-  ch (t-1)+ el(t-1) + case II-8 [ot(t-1), it(t-1),
rh(t-1), dp(t-1), si(t-1),cs(t-1),dt(t-1)] 

 

Table 3b 
 Results for Modeling-III 

 

Case CV RMSE ( kW ) 
III-  0.0595 5.673 
III-  0.0623 5.93 
III-  0.0479 4.57 
III-  0.0484 4.617 
III-  0.0455 4.337 
III-  0.0421 4.014 

It was found that by adding chillers and 
whole building energy consumptions has 
great effect on decreasing the RMSE as 
single input parameter compared with 
weather parameters used in Case-I. It could 
be noticed that from cases III-1 and III-2 
the advantage of the proposed prediction 
scheme is that it utilize only the previous 
measured variable, and thus eliminates the 
necessity of using weather variables.  
 
Cases III-3, III-4 and III-5, show when 
adding previous chiller and total energy 
consumptions to combination of parameters 
in case II-5 introduced better prediction. In 
case III-6 both of the total building energy 
and chiller consumptions are introduced to 
the ANN with inputs of case II-8 leads to 
anticipated data listed in figure 5. It shows 
accepted predicted values that can track the 
actual values accurately. 
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Fig.   
Actual And Predicted Energy Consumption 

Versus Time (Hours), Case III-6 
   
 . Discussion 
ANN is used to predict the energy 
consumption in an air conditioned 
governmental office building. The model is 
constructed by a simulation package called 
HAP which is provided with the weather 
data for Giza and simulated to achieve the 
hourly system and total building energy 
consumptions. Different cases were carried 
out to estimate optimum prediction at 
different types of ANN inputs. 
 
Combinations of Input parameters with 
different ANN structures were used. Feed-
forward-back-propagation structure was 
used for ANN modeling that was trained by 
Levenberg�Marquardt-Algorithm.  

 
It was found that changing ANN input data 
has great effects on predicting ability. 
Parametric analyses are defined for the 
assessment of the ability of the trained 
neural network such as Root Mean Square 
Error and coefficient of variation where at 
best case it became 4.014 kW and 0.042.  

Percentage Of Yearly Power Consumption %

 
Fig.   

Percentage of Actual & Predicted ANN Energy 
Consumption in Averaged Values for 5-Years   

 
Figure 6 show the global ANN gained 
results that collected from five years of 
simulation by HAP software, presented as 
dashed line for monthly energy percentage 
from the energy of a year and after full 
training of ANN neurons for one year. The 
vertical margin bars indicate the range of 
fluctuations or errors in predicted out puts 
from ANN modeling for each month. 
Presented continuous line on the graph 
show the percentage of the actual yearly bill 
values for five years also and indicated at 
monthly bases. 
 
The lower horizontal dashed line in figure 6 
show the monthly averaged percentages of 
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the HAP-plus-ANN predicted modeling 
threshold, while the indicated continuous 
upper horizontal  line represents the yearly 
averaged real energy bill of the building. 
The difference between upper and lower 
lines may show about 2.5% or global yearly 
difference between real bills and predicted 
one. �Taking into considerations that this 
listed yearly data is an averaged rate from 
five years real and simulation bills�. 
 
When applying the same concept on any 
typical floors that are used for TIA offices 
on second, third and fourth floors in same 
building the HAP results gave reasonable 
energy consumptions values with same 
trends and regimes to the real energy bills, 
while when applying ANN previously 
trained network to such floors the root 
mean square error, RMSE was ranged from 
40.52 kW to 73.44 kW and the performance 
parameters represents by the coefficient of 
variation, CV was ranged from 0.66 to 0.82 
against different number of neurons for 
train and test data. This means that type of 
system plays a vital role in ANN response 
actions of when trained on certain cooling 
system and tested or run on another cooling 
system.  
  
 . Conclusions 
Presented work show a predicting method 
for hourly energy consumption in an office 
building. The method of choosing the ANN 
structure has provided a way for selecting 
the appropriate input variables. A lot of 
cases are done in order to understand the 
relative importance and effect of different 
input parameters on the output results.  
 
It was found that in each case some 
parameters have more stringent effects than 
others in improving the predictability. So 
such parameters shall be used as inputs 
during ANN modeling.  It could also be 
seen that the different weather conditions 
have improved the prediction but not in 
equal manner and the prediction is greatly 
improved when adding both chiller and 
building energy consumptions to the ANN 

inputs. Finally, such selected inputs should 
be given particular attention during ANN 
modeling in addition to the well defined of 
the cooling system.  
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Abstract: This paper, is part of a research investigating variables affecting the performance of urban wind 
turbines, specifically roof mounted wind turbines. These variables include wind direction, roof shape, building 
height and surrounding urban configuration. Computational Fluid Dynamics (CFD) is the tool used for assessing 
wind flow around the investigated cases. The CFD simulations are validated by comparing the results with in-
situ measurements and wind tunnel tests results for wind flow around a surface mounted cube in a turbulent 
channel flow. Results show that for each roof shape there is an optimum mounting location for roof mounted 
wind turbines and among the investigated roof shapes, the barrel vaulted roof had the highest accelerating effect 
on wind flow above the roof. Also, it is evident that changing wind direction, building height and surrounding 
urban configuration had an effect on choosing the optimum mounting location and the energy yield. In addition 
to presenting the results of the simulation work, this paper focuses on presenting the results of the research 
highlighting the proposed technology of wind turbines to be used in the vicinity of buildings and the effect of 
the investigated independent variables on the wind velocity and turbulence intensity at the wind turbin
proposed mounting location. In light of the obtained results of the research, the paper concludes by discussing 
how architects can implement the available wind assessment tools and their knowledge of the design process in 
providing an informed decision regarding integrating wind turbines within the built environment. 
 
 
Keywords: Urban Wind Turbines, CFD, Roofs, Architects, Design  

1. Introduction 
The state of uncertainty regarding the 
viability and feasibility of urban wind 
turbines is evident. The unfavourable wind 
conditions in urban areas due to the 
variation in the surface features are well 
established in research [1, 2, and 3]. On the 
other hand, the wind accelerating effect of 
buildings and the potentials of wind 
turbines taking advantage of the augmented 
wind presents itself as a potential for 
harnessing wind energy [4]. Urban wind 
turbines send visual messages for tackling 
climate change which might encourage 
people on cutting down on their energy 
consumption while generating their own 
electrical power. On the other hand, the 
main idea behind urban wind turbines is to 
generate electricity where it is consumed, 
thus cutting down on the extra costs of 
infrastructure, cabling and power losses [5]. 
 
 
 

Accordingly, positioning roof mounted 
wind turbines at the optimum mounting 
location and the optimum roof shape for 
mounting wind turbines needed to be 
investigated. In addition, other factors such 
as wind direction, building height and 
surrounding urban configuration have an 
effect on the energy yield and positioning 
of roof mounted wind turbines, thus needed 
investigation.  
 
This work provides a scientific framework 
to assess wind flow around buildings for 
accurately positioning wind turbines to help 
in improving the energy yield of roof 
mounted wind turbines. Investigated cases 
include wind flow around flat, domed, 
gabled, pyramidal, barrel vaulted and 
wedged roofs (Figure 1). Investigated urban 
configurations include an urban street 
canyon configuration and a staggered urban 
configuration. 
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2. Methodology 
Architects and planners who make the 
initial proposal on installing wind turbines 
close to buildings lack the knowledge of 
such technologies and even the basic 
systems of wind turbines due to the nature 
of their education. Thus, this part was 
covered by reviewing literature on the 
available and developing wind turbines 
technology to provide this knowledge, 
which leaded to specifying the required 
technologies when installing wind turbines 
close to buildings. 
 
However, specifying the mounting location 
of a wind turbine within the built 
environment or close to buildings requires 
an understating of the nature of urban wind 
flow regimes. Accordingly, the available 
tools for assessing wind flow within the 
built environment were reviewed to specify 
the most relevant tool for assessing urban 
wind which, in this case, was the 
Computational Fluid Dynamics (CFD) 
simulations. Literature on CFD and its 
usage for assessing urban wind flow was 
reviewed in order to specify the best 
practice guidelines for using CFD in 
assessing urban wind flow. Based on the 
reviewed literature, the Realizable k-  
turbulence model was used. Reviewed 
research recommended running validation 
studies to assure the consistency of the 
yielded results.  

Thus, a validation study was required to 
give confidence in the data entry of 
simulations variables in order to yield 
consistent results of the investigated flow 
problems. For a detailed discussion on the 
best practice guidelines for CFD 
simulations, the set of used simulation 
variables and the validation study, the 
reader is referred to the publication by the 
authors titled: Validating CFD simulations 
of wind flow around a surface mounted 
cube in a turbulent channel flow [6]. 
 
Despite the limitations of the used wind 
assessment tool, the results were consistent 
and compared favourably with the results 
from other published wind assessment tools 
such as wind tunnel tests and in-situ 
measurements. Accordingly, the simulation 
conditions were used for investigating the 
main flow problems in this research to 
identify the optimum roof shape for 
mounting wind turbines, in addition to 
identifying the effect of wind direction, 
buildings height and surrounding urban 
configuration on the energy yield and 
positioning for roof mounted wind turbines. 
 
3. Results 
The results of this research cover four main 
areas: 

 Technology of urban wind turbines. 
 CFD as a tool for assessing urban 

wind flow. 
 Validating CFD simulation results. 
 Investigated independent variables. 

 
3.1. Technology of urban wind turbines 
Wind regime around buildings is different 
from open fields and requires specific wind 
turbines technology. In order to specify the 
set of criteria which sets the guidelines for 
wind turbines technology to be used near to 
buildings, literature on the available and 
developing technologies of wind turbines 
and their suitability for installation near 
buildings has been reviewed. 
It can be argued that for a wind turbine to 
be installed in the vicinity of buildings, it is 

 

 
Figure 1 Top: Different investigated roof shapes, 

Bottom: Locations of measurements and wind directions 
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preferable to use vertical axis wind turbines 
with an induction, permanent magnet 
generator. If horizontal axis wind turbines 
are used, the counter rotating wind turbine 
system is preferable whose blades are 
implementing lift forces and is allowed to 
yaw to face the changing direction of wind 
using an active yaw system. In order to take 
advantage of the accelerating effect of 
buildings and avoid high levels of 
turbulence it is advised to mount the wind 
turbine on top of high rise buildings in 
areas with low roughness length. However, 
it is mandatory to assess the wind resources 
at the proposed installation site using one or 
more of the available wind assessment 
tools. 
 
3.2. CFD as a tool for assessing urban 

wind flow 
Assessing urban wind flow can be carried 
out using wind tunnel tests, in-situ 
measurements and CFD simulations. Each 
tool has its advantages and disadvantages. 
For assessing wind flow around buildings, 
CFD simulations can be used to yield 
consistent results provided that best practice 
guidelines are followed and validation is 
carried out. 
 
It can be argued that the CFD is the most 
relevant wind assessment tool for the 
purpose of integrating wind turbines within 
the built environment and assessing urban 
wind flow especially when the tool is used 
for comparing alternatives [7]. However, 
CFD should be used vigilantly as it is 
embedded with errors and uncertainties. 
Thus, best practice guidelines should be 
consulted before using CFD as a simulation 
technique. However, it should be noted that 
these guidelines are not enough for having 
confidence in the yielded results. 
Accordingly running validation studies 
through comparing the simulation results 
with the results from other wind assessment 
tools such as wind tunnel tests and in-situ 
measurements is mandatory for obtaining 
consistent results. In this research air flow 
around a 6m cube was chosen as the 

validation case due to the availability of 
wind tunnel tests, in-situ measurements and 
validated CFD simulation results for that 
specific case. 
 
3.3. Validating CFD simulation results 
The extracted best practice guidelines for 
CFD simulations were used as the start 
point for the validation study. The 
validation study investigated wind flow 
around a cube in a turbulent channel flow 
and compared the obtained CFD results 
with in-situ measurements, wind tunnel 
tests results and validated CFD simulations 
results.  
 
The realizable k-  turbulence model was 
used for the closure of the transport 
equations. The SIMPLE algorithm scheme 
was used for the pressure-velocity coupling. 
Pressure interpolation is second order and 
second-order discretisation schemes were 
used for both the convection and the 
viscous terms of the governing equations. 
The solution was initialised by the values of 
the inlet boundary conditions. The chosen 
convergence criterion was specified so that 
the residuals decrease to 10-6 for all the 
equations. 
 
For the computational mesh, a mesh 
independence study was carried out to 
determine the dependence of the flow field 
on the refinement of the mesh. Two other 
meshes were used. The first mesh had a 
resolution of 0.2m around the cube and 
0.8m throughout the rest of the 
computational domain. The second mesh 
had a resolution of 0.1m around the cube 
and 0.8m throughout the rest of the 
computational domain. The three meshes 
where compared to each other; qualitatively 
the main flow features for the 0.3m mesh 
are the same as in the 0.2m and the 0.1m 
mesh. The same agreement was noticed for 
the pressure coefficients plot along the 
streamwise centreline along the windward 
facade, roof and leeward faced of the cube. 
Very small discrepancies on top of the cube 
were noticed in the pressure coefficients 
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plot. Thus, it can be concluded that the 
0.3m mesh is sufficient for running a mesh 
independent simulation. 
 

 
Figure 2 Vertical streamwise velocity pathlines 
along the central plan passing through the cube 

showing the main flow features and their 
locations. 

 
Figure 3 Ground streamwise velocity pathlines 
showing the main flow features around the cube 

and their locations. 

 
Figure 4 Pressure coefficients along the 

centreline of the windward façade, roof and 
leeward façade in comparison with the 15 wind 
tunnel tests from [8] and the Silsoe 6m cube full 

scale measurement from [9]. 
 
Figures 2 and 3 show the vertical and 
horizontal streamwise velocity pathlines for 
the obtained CFD simulation results 

showing the main flow features and their 
positions which was compared with wind 
tunnel tests, in-
validated CFD simulation results. In 
addition, Figure 4 shows the obtained 
pressure coefficients along the centreline of 
the building compared to other results using 
the previously mentioned tools.  It can be 
argued that the obtained CFD simulation 
results in this work compared favourably 
with the reviewed results. In addition, the 
obtained results in this work can be 
considered the closets results among the 
reviewed CFD simulation results to 
published wind tunnel tests and in-situ 
measurements.  
 
Thus, CFD simulation was considered a 
reliable wind assessment tool for yielding 
consistent results. In addition, the 
simulation variables used can be counted on 
for investigating the effect of roof shape, 
wind direction, building height and 
surrounding urban configuration on the 
energy yield and positioning of roof 
mounted wind turbines. 
 
3.4. Investigated independent variables 
In order to assess the effect of roof shape, 
wind direction, building height and 
surrounding urban configuration on the 
energy yield and positioning of roof 
mounted wind turbines, two dependent 
variables should be investigated; these are 
the wind velocity and the turbulence 
intensity as they are the main variables 
affecting the performance of wind turbines. 
One of the main reasons behind the low 
energy yield of urban wind turbines is the 
low mean wind speed [10].  
 
The presence of a building in wind flow 
field would increase the wind speed and 
turbulence intensity in the vicinity of the 
building and integrated wind turbines can 
take advantage of the accelerating effect 
that occurs [4]. The flow patterns around 
the investigated cases were plotted and the 
recorded wind velocity and turbulence 
intensities values above the studied 
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buildings were normalized against the 
values at the same locations under the same 
flow conditions in an empty domain and the 
accelerating effect was identified. It can be 
concluded that for: 
 
3.4.1. Wind direction variable 
It was hypothesized that studying the 
variation in wind directions may or may not 
change the optimum mounting location of a 
roof mounted wind turbine. It was noticed 
that for all roof shapes except the domed 
roof, specifying the optimum roof mounting 
location for a wind turbine depends on the 
wind direction since the optimum location 
on top of each roof shape changed with the 
change in wind direction. Accordingly, 
identifying the effect of different wind 
directions on the optimum roof mounting 
location of a wind turbine is achieved. 
 
For the domed roof, the location of 
maximum acceleration under different wind 
direction was always the same (midpoint of 
the roof at location D3-3) and since the 
energy yield of a wind turbine directly 
proportional to cube the velocity [11], the 
increase in energy yield for an integrated 
wind turbine at that location would yield 
40.5% to 48.2% more power based on the 
wind direction. The consistency in the 
location can be attributed to the 
symmetrical properties of the domed roof. 
 
As seen in Table 1 all roof shapes under 
different wind directions had an 
accelerating effect on wind above the roof. 
Maximum acceleration above flat, domed, 
gabled, pyramidal, barrel vaulted and 
wedged roofs reached 1.12U, 1.14U, 1.09U, 
1.08U1.16U and 1.14U respectively, at 
wind directions 450, 450, 450, 450, 00 and 
1350 respectively. All roof shapes under 
different wind directions increased the 
turbulence intensity on top of the 
investigated roof shapes. 
 
3.4.2. Roof shape variable 
For each roof shape there is an optimum 
mounting location for wind turbines. Thus, 

if wind flow above each roof shape is 
assessed, the optimum mounting location 
can be identified and the performance of the 
integrated wind turbine can be improved. 
Through comparing the results of the CFD 
simulations of wind flow around the 
investigated roof shapes, it was noticed that 
the location of maximum wind speed on top 
of each roof shape differed from one roof to 
another.  
 
For the flat roof the increase in energy yield 
at different locations above the roof ranged 
between 31.3% (C2-3: between the roof 
windward edged and the middle of the roof) 
- 40.5% (C2-2: midpoint between the 
windward roof edge and he centre of the 
roof), for the domed roof: 40.5% (D3-3: 
roof midpoint) - 48.2% (D3-3: roof 
midpoint), for the gabled roof: 15.8% (G5-
1: the leeward corner of the roof) - 29.5% 
(G3-5: midpoint along the leeward inclined 
edge), for the pyramidal roof: 15.8% (P4-2: 
leeward hip, midway between the middle of 
the roof and the leeward roof edge) - 26% 
(P4-4: on the roof streamwise axis between 
the midpoint of the roof and the leeward 
corner), for the barrel vaulted roof: 27% 
(V2-2: midpoint between the windward 
roof edge and the centre of the roof)  
56.1% (V3-3: midpoint of the roof) and for 
the wedged roof: 9.3% (W5-1: the leeward 
corner of the roof) to 48.2% (W3-2: 
midpoint between the centreline and the 
windward horizontal edge). Thus, 
identifying the optimum roof mounting 
location for a wind turbine on top of the 
investigated roof shapes is achieved. Figure 
5 shows the optimum mounting location of 
each of the investigated roof shapes. 
 
It is also noticed that different roof shapes 
have different effects on wind flow above 
them. Among all roof shapes, the barrel 
vaulted roof is the optimum roof shape for 
roof mounting wind turbines since it caused 
the highest acceleration which reached 1.16 
times the wind velocity at the same location 
under the same flow conditions in an empty
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Table 1 Maximum recorded acceleration above the investigated roofs under different wind directions 

 Flat Domed Gabled Pyramidal Barrel 

vaulted 

Wedged 

Maximum 

streamwise 

velocity (U) 

1.12 1.14 1.09 1.08 1.16 1.14 

Wind direction 

(degree) 
45 45 45 45 0 135 

Increase in 

energy yield 

(%) 

40.5 48.2 29.5 26 56.1 48.2 

  

 
Figure 5 Vertical streamwise velocity pathlines along the central plan for the investigated roof shapes 

showing the optimum mounting location for each of the investigated roof shapes
 
domain when the wind was flowing parallel 
to the roof profile, which means that a wind 
turbine mounted on top a vaulted roof 
would yield 56.1 % more power than a free 
standing wind turbine at the same location 
under the same flow conditions. Thus, this 
case was chosen for further investigations 
of other independent variables. 
 
On the other hand the lowest maximum 
acceleration occurred on top of the 
pyramidal roof since it reached only 1.08U 
which corresponds to an increase in the   

 
energy yield of the installed wind turbine 
by 26%. 
 
3.4.3. Building height variable 
Another variable affecting wind flow above 

Thus, for a single roof shape, if the height 
of the building is changed, that would have 
an effect on the wind flow above it, it was 
noticed that changing the building height 
had no effect on the optimum mounting 
location of the wind turbine. However, it 
was noticed the increase in the accelerating 
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effect above the roof with the increase in 
the building height. Figure 6 shows a 
comparison between the accelerating 
effects above the investigated three cases. 
For the 6m case the increase in power 
reached 56.1%, the 12m case caused 
acceleration in wind equivalent to an 
increase in power equal to 60.1%, as for the 
24m case, the increase in power reached 
64.3%. Accordingly, it can be argued that 
high rise buildings are more preferable for 
mounting wind turbines rather than low rise 
buildings. 
 

 
Figure 6 Comparison between the maximum 
recorded velocities at location v3-3 for the 3 

heights 
 
3.4.4. Urban context variable 
Another variable affecting urban wind flow 
is the urban setting. Thus, it is assumed that 
different urban configurations would have 
different effects on wind flow above 

 barrel 
vaulted roofed building was changed 
between 4.5m, 6m, 12m and 24m to 
identify the effect of varying the height  
within different urban configurations. It can 
be argued that the closer the building to its 
surroundings the more the effect of the 
surroundings on the wind flow above the 
roof. 
 
In terms of the flow patterns, the staggered 
urban configuration had less effect on the 
flow above the investigated cases than the 
urban canyon configuration, this can be 
attributed to the bigger streamwise space in 
front of the investigated building when 

compared to the urban canyon 
configuration. 
 
In terms of the effect of the urban 
configuration on the accelerating effect 
above the investigated cases, two patterns 
were observed; the first applies to the cases 
where the building height is the same as or 
less than the surrounding urban 
configuration. And the second applies to the 
cases where the building height is larger 
than the surrounding urban configuration. 
In the first group, the urban canyon 
configuration had less accelerating effect 
than the staggered urban configuration 
since the acceleration above the barrel 
vaulted roof reached 1.07U which 
corresponds to an increase in power of 
22.5% while for the staggered configuration 
it reached 1.09U which correspond to an 
increase in power of 29.5%.  
 

 
Figure 7 Comparison between the increase in 

the energy yield of the proposed wind turbine at 
the optimum mounting location for all 

investigated barrel vaulted roof cases under 00 
wind direction 

 
However, for the second group, the urban 
canyon configuration had more accelerating 
effect than the staggered urban 
configuration since the acceleration above 
the vaulted roof reached 1.13U and 1.15U 
which corresponds to an increase in power 
of 44% and 52% for the 12m case and the 
24m case respectively. As for the staggered 
urban configuration cases, the acceleration 
reached 1.10U and 1.13U which 
corresponds to 33% and 44% increase in 
power for the 12m and 24m cases 
respectively. Figure 7 shows a comparison 

Page 293 / 522



Building Simulation Cairo 2013 - Towards Sustainable & Green Built Environment, Cairo, June 23rd - 24th 
Topic name: Energy in Buildings 

 

 

between all the investigated cases in terms 
of the estimated increase in power output. 
 
4. Discussion 
The case of mounting a micro-wind turbine 
above an isolated building is not so 
common within the built environment 
except for high rise buildings where the 
surrounding buildings would have a 
negligible effect on local wind flow above 
the roof. Due to the complexity of the built 
environment, simplification is needed for 
these studies where all the variables are 
fixed except for one variable to investigate 
its effect on local wind flow. However, for 
low rise buildings, they will still have an 
accelerating effect on wind flow above the 
roof which requires a complete assessment 
of wind flow to determine the potential 
locations for mounting a wind turbine to 
take advantage of the accelerating effect. 
 
This work contributes to understanding 
urban wind flow and wind flow around 
isolated buildings, specifically around 
different roof shapes for the purpose of 
mounting wind turbines. It should be noted 
that this work is not definitive as the study 
was limited by the available computational 
power and the investigated cases were 
hypothetical and lacking the details of the 
real built environment. However, since this 
research is multidisciplinary, it tackles the 
actors involved in it including: 
 
4.1. CFD simulation 
In light of the obtained results comparing 
the accelerating effect above the barrel 
vaulted roof with different heights placed 
within different urban configuration, a 
difference in flow patterns was observed 
between the cases when the building was 
lower or the same height as the surrounding 
urban configuration and when the building 
was higher than the surrounding urban 
configuration. It is assumed that this 
difference is attributed to the way in which 
the CFD code solves the flow near the 
ground which affects the flow above the 
investigated cases. Thus, more research is 

required to investigate the reason behind 
these differences and whether they are 
related to the CFD code, the geometry of 
the investigated cases or it is just a result of 
the interaction between the wind, ground 
and the investigated urban settings. More 
sophisticated CFD simulations techniques 
which yield more consistent results can be 
implemented to investigate this case. 
 
With the advancements in computer 
technology and the increased computational 
power, it can be possible to use more 
sophisticated turbulence models such as 
DNS, LES and URANS for investigating 
urban wind flow, these turbulence models 
are more accurate and yield more consistent 
results than the used RANS model. Thus, it 
is recommended to implement those 
turbulence models in investigating similar 
flow problems and compare the results with 
the obtained results in this research to 
identify the accuracy of different turbulence 
models in predicting urban wind flow and 
whether or not it is worth using more 
sophisticated turbulence models which 
takes longer time to run and requires more 
computational power. 
 
4.2. Buildings 
Integrating wind turbines within buildings 
is either through retrofitting existing 
buildings with wind turbines or designing 
new buildings with the integration of wind 
turbines in mind. In the first case, a 
complete assessment of the structural 
integrity of the existing building is 
mandatory and more research is needed in 
this area especially in light of the obtained 
results in this research for the proposed roof 
mounting locations of wind turbines which 
might conflict with the structural integrity 
of the building. 
 
As for the newly designed buildings with 

nd, the 
structural integrity of the building is 
counted for at the early stages of the design. 
However, these designs tend to have 
aerodynamic forms which might affect the 
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architectural spaces inside the buildings. 
More research is needed in this area to 
identify how the spaces are affected by 
aerodynamically shaping buildings for the 
purpose of integrating wind turbines to take 
advantage of the accelerating effect that 
happens. 
 
As mentioned earlier, the studied cases in 
this research are hypothetical cases where 
the geometries where simplified. However, 
in the real built environment, more 
elements exist that would affect wind flow 
at roof level. Also, roofs exist in more 
complicated forms and it would be 
recommended to investigate wind flow 
above more complicated roof shapes for the 
purpose of identifying the optimum 
mounting locations of roof mounted wind 
turbines. Also, it is recommended to 
include more of the elements forming the 
built environment in the model to have a 
more realistic prediction of wind flow 
around the investigated buildings. 
However, it should be noted that this would 
be computationally expensive. 
 
In light of the obtained results for the 
turbulence intensities above the barrel 
vaulted roof covering 6m, 12m and 24m 
buildings, it was noticed that the turbulence 
intensity increases with the increase in 
building height but  locations of maximum 
recorded turbulence intensities for all three 
cases were the same, however one of the 
recommendations from the Encraft 
Warwick Wind Trials Project [12] and the 
WINEUR report [13] suggests a 
relationship between the vertical range of 
turbulence above the building and its height 
which was not recorded in this research.  
 
Thus, more research investigating the 
relationship between building height and 
the vertical range of turbulence above the 
building is required since the 
methodologies for collecting turbulence 
data in both the Encraft Warwick Wind 
Trials Project [12] and the WINEUR report 
[13] were not clear and the used 

instruments which have limitations in 
recording turbulence intensities. 
 
4.3. Wind turbines 
The technology of large scale wind turbines 
is quite developed. However, small and 
micro scale wind turbines are still under 
development and the field is promising 
especially for the purpose of integrating 
wind turbines within the built environment. 
More research on wind turbines capable of 
withstanding high levels of turbulence and 
generating electricity under low mean wind 
velocities is required.  
 
Also, it is recommended to undergo 
research on the performance of existing 
wind turbines integrated within the built 
environment as data in that field is scarce. 
In addition, the field of assessing the 
performance of multiple wind turbines 

another potential area of investigation since 
it is expected that the rotating blades on top 
of a roof would change the wind flow 
regime around the wind turbine and would 
affect the energy yield of adjacent installed 
wind turbines if more than one turbine is 
proposed for installation. 
 
5. Conclusion 
Urban wind turbines is a relatively new 
field which is developing and has high 
potentials with the advancements in small 
and micro scale wind turbines technologies 
and the continues investigation of taking 
advantage of the accelerating effect of 

research 
goes some way towards addressing the 
developing wind turbines technologies to be 
integrated within buildings in addition to 
investigating the accelerating effect of 
different roof shapes. However, from a 
practical and architectural point of view, 
how can the results of this research be 
implemented?  
 
In order to answer this question, it should 
be noted that the idea of integrating wind 
turbines in urban areas is still questionable 
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due to the low mean wind speed and high 
levels of turbulence in addition to the 
difficulty of assessing, to a high degree of 
accuracy, the wind resources at the 
proposed mounting location. However, 
when it comes to mounting wind turbines 
near buildings in rural areas or on top of 
is
integrated wind turbines would have more 
potential in terms of being mounted at the 
optimum mounting location to take 
advantage of the accelerating effect of the 
building. 
 
These areas are usually located away from 
the grid and energy consumption is minimal 
which makes the idea of integrating 
renewables more viable. For roof mounting 
wind turbines, the case will either be 
retrofitting an existing building with a roof 
mounted wind turbine or a new building is 
being built and the decision has been made 
to rely on wind energy as part of energy 
supply of the building. In the first case, the 
wind resources can be assessed to a high 
degree of accuracy due to the simplicity of 
the surrounding context. Thus, the optimum 
mounting location can be determined. 
However, the structural integrity of the 
building and any other potential problems 
from retrofitting the existing building with 
the wind turbine should always be assessed 
before installing the wind turbine. 
 
As for the second case and in light of the 
obtained results in this research, a 
recommendation can be made to the 
developer on which roof shape to be used 
and how to orient the building in a way in 
which the roof mounted wind turbine could 
benefit from the prevailing wind direction 
and its interaction with the proposed roof 
shape.  
 
Accordingly, the optimum mounting 
location can be determined and the 
anticipated energy yield can be calculated 
before the inception of the project which 
will help in deciding about the feasibility of 
roof mounting a wind turbine. However, it 

should always be noted that there will be a 
compromise between the orientation of the 
building, the roof shape and other 
architectural requirements whether being 
ecological, functional or even certain 
specific requirements by the developer. But 
it can be argued that such integration can 
result in a new type of buildings where the 
form of the building will follow its function 
from a power related point of view. 
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Abstract: Building in the desert is a challenge for every architect. This requires innovative architectural ideas 
for living in desert. Buildings must cope with a very harsh climate, make good use of available resources, have 
least impact on the environment and finally aesthetical and reflects the character of the place.  
This paper will introduce a new architectural paradigm using biotechnology for building ecological houses in the 
desert. This approach uses a certain kind of bacteria to build the houses. 
Creative architectural models of houses are herein introduced through which these bacteria will be released. 
They have the ability to convert sand into sandstone in a biological  process  that can be used to build the main 
fabric of the desert houses in an ecological way. 
 
Keywords: Desert design, Bacillus pasteurii, Bio-cement, Bio-mimicry in architecture. 
 
 
1. Introduction 
The application of Biology in almost every 
field has become a rapidly evolving 
discipline in recent years. In architecture, 
there is a gap between science and 
architecture. Biomimicry is a thoughtful 
approach to design and engineering that 
looks to nature as inspiration, measure and 
mentor. This was mentioned by Janine 
Benyus a biologist in her book 

.  
Nowadays, an intersection between biology 
and architecture is needed to enhance the 
building process to produce healthy and 
ecologic buildings . This paper reveals a 
novel engineering application of bio-
technology for constructing buildings in a 
way that uses nature and its processes as an 
agent for construction .A certain type of 
bacteria will be incorporated in the 
construction process of buildings in a way 
that the natural process of these bacteria 
will become the building process [2].   
The building itself will be formed 
biologically using these bacteria. This will 
revolutionize the way buildings are 
designed and built in the future. 
About 96% of the total area of Egypt is 
enormous desert. Despite of this fact, this 

area is sparsely inhabited by people leading 
to an over population crisis around the Nile 
valley and Delta.  
Desert is the future of our generations in 
Egypt yet many problems face architects 
when designing in the desert. 
The concrete needed, the equipments, the 
time, labour and costs are the main 
problems. 
Moreover, cement as a binding material, is 
the main material widely used for concrete 
and masonry. This process is relatively 
expensive if used in desert and has a high 
environmental impact due to the emission 
of CO2 [3].  
Consequently, it is urgent to begin a new 
thinking regarding houses  design in the 
desert. We need a new ecologic approach 
for formulating healthy and sustainable 
houses. 
In a completely different trend, researchers 
for a long time [4] had investigated 
microbes for their ability to produce a 
cementing agent (bio-cement) that would 
bind sand particles together; forming 
sandstone .This process can be used in the 
construction process of buildings to form 
exterior and interior walls of any building. 
The bacterium Sporosarcina pasteurii (also 
known as Bacillus pasteurii) has an enzyme 
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that enables it, in the right circumstances, to 
perform this biological process. 
Instead of spending great money to 
construct houses in the desert, bacteria will 
be used in a bio-cementation process to 
convert sand to sandstone and consequently 
helps to build desert houses using 
surrounding sand found around us in the 

rt everywhere. 
Bio-cement technology will be a great shift 
in architecture that intersects biology with 
technology for constructing buildings. 
By flushing these bacteria through the sand, 
a biological reaction takes place changing  
sand into firm sandstone rapidly. 
 
2. Methodology 
The methodology applied in this paper is 
shown in Fig.1. 

 
 
The methodology depends on studying the 
nature of these bacteria, its suitability to be 
released in large numbers and any previous 
work in the field of architecture using it. 

According to the collected data, the 
procedure of building using this bacteria 
and exemplary architectural designed 
models will be introduced. 
Models are divided into two types: models 
inspired from already designed houses and 
newly designed models. 
According to the climatic conditions in the 
desert environment, two basic attitudes for 
choosing the models are used. 
First, models on the ground level with 
special shapes to cope with the environment 
and secondly, models suitable to be built 
under the ground. 
Consequently, according to the above 
study, a conclusion is reached for   any 
further work related to the application of 
bacillus pasteurii in the construction 
process in architecture. 
 
3. The  nature of bacillus pasteurii. 
Research by Prof. Jason De Jong and his 
colleagues [5] have shown that bacillus 
pasteurii causes calcite, or calcium 
carbonate to precipitate which glue the 
grains of sand together, see Fig. 2. 

 
Fig.2. The formation of calcium carbonate in the 
bio-treated sample of sand [6]. 
 
This deposit of calcium carbonate is known 
as bio-cement or microbial induced 
Carbonate precipitation (MICP) [7,8]. 
Certain requirements for the process of bio-
cementation are needed but the needs for 
safe environmental application are the most 
urgent need. 

Fig .1: Applied methodology 
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In order to release any organism into the 
environment with large number, it must be 
non-pathogenic, non-genetically modified 
and not containing any transferable 
elements that may increase the 
pathogenicity of environmental strains. 
Bacillus pasteurii meet all of these 
requirements [9]. 
Close attention is given to ensure a suitable 
environment for the rapid growth of 
bacteria and for the bio-cementation 
reaction to take place. Urease, an enzyme 
produced by bacillus pasteurii and is 
needed to induce the precipitation of

is required to function 
for an extended period of time. This 
requires the presence of urea, ammonium 
and calcium with adequate concentrations. 
These parameters affect the rate of the 
reaction and the cementation strength [9].  
By injecting sand with cultures of these 
bacteria, feeding them and providing all the 
previous requirements, they will turn loose 
sand into solid rock. 
It has been claimed that the initial bio-
cementation reactions can be finished 
within 24 hours, though it would take about 
a week to saturate the sand enough to make 
any built structure habitable [10].  
 
4. Uses of bacteria in architecture 
Bacteria had been used in many fields in 
architecture. What makes it suitable for 
building is that bio-cement has many 
advantages compared to ordinary cement. 
The production process need a much 
shorter time than in ordinary cement. It is 
suitable for in-situ process and raw 
materials of bio-cement are produced at low 
temperature, compared to ordinary cement 
which uses temperature the 
production process. Bio-cement can be used 
as eco-construction material since it 
consume less energy and less CO2 emission 
in the production process [7,11], Fig. 8. 
The process of bio-cementation had been 
applied in architecture but on a small scale. 
In 2008, Magnus Larsson, an architectural 
student at the Architectural Association in 
London [10], proposed a wall against the 

future spread of the desert using the 
bacteria and at the same time forming 
habitable and cultivable environments 
within this wall as shown in Fig. 3, 4. 
According to Mr. Larsson, 
turn into readymade buildings . 
Larsson pointed out that the structure itself 
would generate a temperature difference 
between the interior of the solidified 
structure and the exterior. This will create 
internal thermal comfort that can be 
inhibited.  

Fig.3. The habitable environment proposed 
by Larsson [10] 

Fig.4. Section showing the habitable 
environment proposed by Larsson [12] 
 
Work has been carried out to use bacillus 
pasteurii to heal cracks in concrete as 
concrete is vulnerable to cracks that require 
expensive repair. A team led by Henk 
Jonkers [13] is on the way to accomplish 
this. Through actually mixing living 
bacteria, along with calcium lactate, an 
organic compound that those bacteria 
convert to calcium carbonate. They found 
that incipient cracks were effectively sealed 
with calcium carbonate.  
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Professor Ginger Dosier [14] made small 
bricks from these bacteria - about 3cm long, 
1.5cm wide and a centimeter deep  but 

brick. The process she applied for making 
the brick was by putting dry sand into a 
mold, adding the cultured bacteria, water, 
urea, and calcium chloride, and waiting for 
about a week  a heating of 37 degrees 
centigrade was applied for the bacteria to be 
prepared. 
5. Procedure of building 
The following procedure is proposed in this 
paper to create any designed geometry of 
one storey buildings using the bacteria. This 
procedure is a novel way to build using 
bacteria. Firstly, steel sheets are shaped  
in a duplicate form of thickness 40 cm 
between the sheets. The bacteria will be 
released in between the sheets to bind the 
particles of sand forming walls Fig. 5. All 
openings for ventilation, windows or doors 
are blocked to limit the growth of bacteria 
within the void kept for making the walls.  
The steel sheets are so fixed in a way to be 
easily removed and reconstructed in another 
project leaving the structure fully built by 
the bacteria. 

Fig. 5: wall plan showing the use of steel sheets to 
form models for the growth of bacteria. 
. 
6. Built Shapes 
Non-conventional geometric shapes and 
housing plans are herein introduced to suite 
this innovative building technology. The 
proposed models have to satisfy general 
fundamental rules. Such rules should 
include: 
1. Quick and easy way for bacteria to 

grow. 
2. Ability for the re-assembly of the steel 

sheets. 
3. Providing an ecological house within 

the desert. 

The requirements needed to ensure the 
rapid and natural growth of bacteria to 
occur are providing special feeding 
program under controlled conditions. 
As regards the second rule, it emphasizes 
on the importance of forming models from 
steel sheets that can be re-assembled easily. 
At the same time, these models are 
designed in such a way to permit the 
bacteria to grow easily in between. This 
entails using curved walls and avoiding as 
possible sharp angles.  
To achieve the third point, the climate of 
the desert had been taken into 
consideration. Models are so designed to 
ensure providing houses with suitable 
internal microclimate suitable for living in 
the desert. Factors like wind, sun, 
temperature and sand are taken into 
consideration in the designing of the 
models.  
The so designed models are as follows: 
1- Models of thickness 40cm are suggested 

according to the following factors: 
a. To increase the thermal mass 

and thus ensuring suitable 
internal temperature. 

b. The created walls by bacteria are 
of porous nature as shown in 
Fig. 6. Hence the use of 40cm 
wall thickness is proposed to 
sustain the applied loads 
including weight of the wall, 
wind pressure and any other 
external loads. 
No experiments were done to 
indicate the appropriate 
thickness of walls made by these 
bacteria as it is the first time to 
apply it in building walls. In 
accordance, the proposed 
thickness of 40cm may be less 
or more according to future 
experiments. 

The external walls of houses will be of 
40cm thickness while the internal walls will 
be either of gypsum boards or from these 
bacteria if the thickness can be less.  
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Fig. 6: The porous nature of the structure made 
by bacillus pasteurii as proposed by Larsson[8]. 
 

2- Models have curved roofs to prevent 
direct sun rays from falling 
perpendicular on the surface. 

3- The shapes of models offer openings 
and wind catchers for ventilation and at 
the same time, preventing the 
accumulation of sand outside the house. 

4- Providing a healthy environment to live 
in with walls made naturally from non-
toxic building material formed by the 
friendly bacteria bacillus pasteurii. 

 
7. Exemplary Architectural Models 
By studying vernacular architecture and the 
principles of bio-mimicry, models proposed 
are divided into on ground and underground 
models. 

Some 
models resemble already designed houses 
while others are newly designed models, 
Fig.7. 
 
7.1. Newly designed models 
7.1.1. On-ground model 
This model consists of a semi-dome with a 
circular plan, Fig. 7-a. The smooth curves 
forming the model make it easy for bacteria 
to grow. 
The house model is formed from one unit 
consisting of the house and its foundation. 
The house is suitable for a family and for 
extra spaces the model can be re-designed 
to contain two stories. 

A duct is used to collect air and purify it 
from sand .The openings are tinny which 
suits the climate of the desert. 
The house will not require any outside or 
inside finishing as the built product using 
bacteria is aesthetically appealing. 

 
Fig.7-a. On- Ground Model 

 

Fig.7-a. Under- Ground Model 
7.1.2. Under-ground model 
An under-ground model is designed 
according to the principles of bio-mimetic 
architecture. Through the study of forms in 
nature, processes and systems in the 
environment, a suggestion for this model is 
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herein introduced. It is an imitation to 
animal architecture in the desert which will 
provide comfortable internal thermal 
conditions 
Ventilation is achieved through a wind 
catcher and light is admitted by using 
different vents. A tunnel is designed with 
steps to reach the  
The advantages of the on-ground and 
under-ground models are that they are 
ecologic and provide healthy indoor 
environments for occupants. The newly 
designed models considered many essential 
points: ventilation, lighting, sand and sun, 
refer to Fig.8. 

 
 

Fig.8. Factors that affected the shapes of models 
    
 

For ventilation, wind catchers are used with  
a semi-internal space to filter the air from 
particles from sand. In underground 
models, specially designed vents using 
mirrors are used to transmit light to the 
interior space. 
The shape of models is chosen to cope with 
the conditions of the desert. A curved shape 
is preferred to prevent the accumulation of 
sand in front of the house and at the same 
time not allowing the sun rays to be 
directed perpendicularly on the roof of the 
house, thus decreasing heat gain from the 
roof. 
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7.2. Models inspired from previously 
designed houses. 

 

The following houses are carefully chosen 
to cope with the nature of the process of 
bio-cementation. From these houses, 
models can be inspired and designed with 
the same shape. 

The smoothness of the curved lines forming 
the houses, from which models will be  
made , makes it easy for bacteria to grow 
and at the same time suits the environment 
of the desert. 

 

Fig. 9-a. On-Ground Designs. 
  
7.2.1. On-ground designs 
From the chosen houses as in Fig. 9- a. are 
binishell houses and other curved houses 
having cylindrical and spiral shapes. 
Inspiring models from binishells, we can 
produce infinite variety of organic shapes 
and scales. 

In our choices of designs, we focused on 
architectural flexibility and simplicity in 
construction which will suite the nature of 
bacteria. 
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7.2.2. Under- ground designs 
Some of the chosen under-ground houses 
shown in   Fig.9-b are covered by a layer of 
earth while others are completely imbedded 
in earth.  
 
 

Underground houses are preferred in the 
desert environment as they are thermally 
insulated using the earth 
Three main points must be considered when 
designing our models: lighting, ventilation 
and drainage.

Fig. 9-b. Under-Ground Designs

 
8. Results 
The results deduced from the previous work 
indicate that the advantages of using 
bacteria to build houses of one or two 
stories compared to the conventional 
methods of building houses. The following 
figure, Fig.10 summarizes these 
advantages. 

 
9. Conclusions 
The significance of this paper lies is the use 
of bio-cement to build houses in the desert.  
Buildings produced are economical, 
ecological, and aesthetical .At the same 
time, the process of building requires short 
time. The proposed models, where bacteria 
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can grow in between and build houses, 
represent a challenging ecological approach 
towards desert invasion. 
Experiments are recommended to indicate 
the following points for any further work 
using bacteria: 
1. The exact thickness of models that will 
be suitable for bacteria to grow to form 
walls. 
2. The strength of the produced walls using 
bacteria. 
3. The number of stories that can be 
allowed using this technique. 
4. The recommended conditions needed for 
the growth of bacteria. 
This incorporation of this new bio-
technological technique in architecture will 
be one of the biggest ecological innovations 
in the twenty-first century. 
 

 
 

Fig.10. Comparison between buildings made by 
bacteria and buildings made by conventional 
method 
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Abstract: Tourism is one of the major contributors to Egypt�s GDP, including approximately 170000 rooms 
within 800 hotels covering 2, 3, 4 and 5 Stars categories.   It is considered as a main source of foreign currency 
to the country. Hotels and Touristic resorts are widespread all over the country with a large concentration in the 
Red Sea area, Sinai, and of course Cairo, Alexandria, Luxor and Aswan. This investigation will mainly focus on 
hotels in the Red Sea area. Recently there are different green building rating systems are established but should 
be subjected to continuous development such as LEED, BREEAM, DGNB, and GPRS. All of them should 
evaluate energy efficiency and environmental impacts on building based on reference case or thresholds then 
according to the degree of improvement the rate level could be identified. Referenced cases or thresholds are 
known as Base-Lines / Cases.     These Base-lines could be static figures �thresholds� as prescriptive values or 
dynamic figures as pre-estimated parameters for referenced building.   Green hotel rating systems become 
mandatory issue to promote the sustainable design, construction, operate, maintenance, renovation, and also the 
demolition for the Egyptian Touristic sector.  Although Egypt has set of energy efficiency codes and green code 
�Under-publishing� but these energy codes are prepared for new constructions and the available hotels are 
existing buildings.    This investigation presents the estimated energy base-line values for different hotels, resorts 
types and categories as a guide lines with the aid of general energy indicators.  These values are static base-line 
and tabulated based on five climatic conditions these are North-Beach, Greater-Cairo, South-Sinai, Red-sea, and 
Upper-Egypt. They are approximately indicated using weighted averaged methodology and with +/- 20% 
uncertainties, Sure it need more fine tuning but most of indicated values were tested in separate simulation 
procedures and gained data are compared with real hotel electrical bills for proper validations.   It was concluded 
that dynamic base-lines could be considered in the evaluation of existing hotels rather than thresholds for green 
ratings with the aid of building simulation tools or by using Artificial-Neural-Network, ANN approach with 
better estimation than the common static base-lines.  
 
Keywords: Energy-Base-Lines, Green Hotels, Energy Efficiency in Hotels, and Sustainable Hotel Development. 

1. Background 
This study will mainly focus on hotels in 
the Red Sea area. Table 1 shows some 
figures that have been provided by the 
Egyptian Hotels Association, EHA for the 
entire hotel sector in Egypt, [1]. These 
tabulated data, gathered, extracted and 
analyzed by LUUKKI, Egypt and reviewed 
by the Housing and Building National 
Research Centre, HBRC on indicative 
basis only. Status of hotel capacities are: 
Number of Hotels in Egypt: 965(approx.) 
Number of Rooms: 179,807(approx.)  
Number of Beds: 342,302 (approx.)  
 
Out of these, 586 hotels are located in 
South and West Sinai and Red Sea west 
coast, all are representing the Red-Sea-

Area, RSA. RSA hotels are operated by 
international and local companies for a total 
room capacity of 134,761(approx.).  
 

Table 1 
Hotels Breakdown by Category, [1]  

 

Category Hotels Rooms Beds 
5 Stars 156 64,508 116,891 
4 Stars 200 55,320 104,967 
3 Stars 256 34,340 68,013 
2 Stars 185 11,716 24,277 
1 Star 102 4,234 8,287 

Unclassified 66 9,689 19,867 
Total 965 179,807 342,302 

 
These hotels are classified, as per Table 2, 
based on stars category levels as follows: 
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Table 2 
RSA Hotels Classification by Category, [2]  

 

5 Stars 4 Stars 
Area 

Hotel Room Hotel Room 
N. Sinai 2 272 0 0 
Red Sea 38 17,658 77 26,664 
S. Sinai 52 24,917 78 21,502 
Suez 3 519 2 315 
Total 95 43,366 157 48,481 
 

3 Stars 2 Stars 
Area 

Hotel Room Hotel Room 
N. Sinai 1 54 3 102 
Red Sea 78 15,480 36 3,274 
S. Sinai 69 9,220 43 2,856 
Suez 14 1,213 4 190 
Total 162 25,967 86 6,422 
 

1 Star Un Classified 
Area 

Hotel Room Hotel Room 
N. Sinai 0 0 0 0 
Red Sea 21 1,146 21 4,983 
S. Sinai 19 856 22 3,445 
Suez 1 64 2 31 
Total 41 2,066 45 8,459 
 
2. Introduction 
This study represents the survey part of the 
national research plan for development of 
the Green-Pyramid-Rating-System, GPRS 
for hotels. It intends to estimate the energy 
efficiency Base Line Values, BLV and their 
opportunities in the Egyptian hotels sector 
focusing on the Red-Sea-Area, RSA and for 
the 4-Stars and 5-Stars hotels & / or resorts. 
Such hotels have an equivalent room sizes 
and numbers, utility and / or services and / 
or facilities areas in addition to green area 
or landscape that are excluded form BLV�s.  
 
This study is carried out to conduct new 
technologies assessment of the 4 and 5 stars 
hotels sector in the Red Sea, and check the 
availability / implementation of existing 
energy efficiency measures in these hotels. 
These allow researchers to apply same 
methodologies on the remaining categories. 
It also compares energy performance of 

typical hotels / resorts in RSA region with 
international benchmarks, [2]. 
 
3. Approaches & Objectives 
The main objectives of the study are to 
investigate the use of static or dynamic 
Base-Line-Values, BLV for rating hotels 
with no or some energy efficiency 
measures, [3] these was established by 
investigating the following issues: 
  Scale and magnitude of possible energy 

efficiency measures to be implemented. 
  Prepare an energy efficiency check list 

of best practice techniques. 
  Identify typical recommendations to 

enhance energy efficiency. 
  Estimate the cost-benefit analysis of 

technical recommendations and outline 
constraints of implementations. 

  Find out the drivers or reasons why they 
would or would not implement such 
measures. 

  Check the different technologies and 
assess their financial feasibility Appraise 
the capital investment to show the extent 
of financial viability. 

  Appraise the willingness and appetite of 
hotels to implement energy efficiency 
measures in their hotels.  

  Identify barriers to implement such 
technologies, applied constraints, grid 
access, etc� 

  Assess willingness to obtain financing 
versus self financing resources. 

 
The following Energy Efficiency measures 
are considered during investigations, [3]: 
 

  Advanced HVAC installation. 
  High performing refrigeration equipment. 
  Energy saving lighting. 
  Advanced control and automation tools.  
  Use of enhanced techniques, such as 

water and waste recycling, heat / cold 
storage, passive and free cooling, etc 

  Renewable energy sources, PVs for 
power generation, hybrid solutions, etc� 

  Non-grid connected technology solutions. 
  Energy Management practices. 
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4. Methodology 
Survey was carried out with the aid of 
circulated checklists, [3] among hotel 
operators, engineers, and employees and 
when responses received it were analyzed 
with regards to: 
  Knowledge level about advanced energy 

solutions 
  Type of energy improvements preferred. 
  Amount of energy resources investments 
  Reasons for implementation of energy 

investments. 
  Financing sources. 
 
Based on hotels categorization capacity / 
configuration, the number of hotels cases, 
rooms, nights, services and beds, Analysis 
was carried out to evaluate 4 and 5 Stars 
hotels.   Such criterion enable us to review 
of energy efficiency measures, applicability 
of renewable energy sources, hybrid 
solutions, etc�, Thermal protection with 
the focus on  low-emissivity glazing in 
windows and transparent structures, HVAC 
installations including drives, motors, 
control and automation; Refrigeration 
labeled equipment, Lighting of indoor and 
outdoor areas including types of lighting 
fixtures, control and automation; Use of 
enhanced sustainability techniques, 
heat/cold storage, free cooling, etc. 
,Management practices were also evaluated. 
  
For each of the mentioned criteria above the 
study will provide static and dynamic 
indicators of typical energy efficiencies and 
performances compared to international 
best practice.  Based on results from the 
site-visits as well as review of further 
information from the region, and 
investigate the design of the most typical 
hotels in the region and assess level of 
energy performance on regional level 
depending on climatic conditions as 
indicated in Figure 1 and compare energy 
performance of with relevant international 
benchmarks.   
 
This Study will identify applicable energy 
performances and applied techniques which 

could foster sustainability of hotels. The 
study will provide basic indicators based on 
guest room or occupant room compared 
with standard practice techniques. 

 
Fig. 1    Eight Climatic Regions in Egypt 

Including RSA In Region-5, [4] 
 

5.  Static Base-Lines Indicators 
Figures 2, 3, 4, 5, 6, and 7 show different 
energy consumption regimes based on 
percentage of hotel occupations for five 
stars; i.e. Fig. 2, 3, & 4 and four stars hotels 
i.e. Fig. 5, 6, & 7. It indicates the weighted-
averaged of annual energy consumptions 
for six years. Some of these figures are 
related to the available rooms which mean 
the total hotel room while the other energy 
values are related to actual occupied rooms. 
 
Figures 4 and 7 presents the energy 
demands relative to the actual attended 
guest these figures may give a good 
indicators compared with the international 
bench marks for energy consumptions.  
 
Figures 2, 3, and 4 show circles for level of 
uncertainties with cross margins relative to 
the percentage occupation level at 
horizontal axes and the energy consumption 
rate indicated on vertical axes. These may 
give better understanding of real values 
static base-lines, such cross margins are 
ranged from 1.24% to 3.41%. Trend lines 
show both upper and lower demand levels. 
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Fig. 2   5-Stars Hotel Energy Demands Per 

Available Room 
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Fig. 3   5-Stars Hotel Energy Demands Per 

Occupied Room 
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Fig. 4     5-Stars Hotel Energy Demands Per 

Guest 
 
These three figures could describe why it is 
very difficulties to implement a reference 
base line BLV for existing hotels; this is 
due to the great fluctuations in the annual 
energy patterns even when consider similar 
or equivalent hotels configurations.   
  
Figures 5, 6, and 7 show equivalent energy 
consumptions patterns but for the four stars 

hotels using typical circles for uncertainties 
with cross margins relative to actual 
percentage occupation level at horizontal 
axes and the energy consumption rate 
indicated on vertical axes. 
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Fig. 5   4-Stars Hotel Energy Demands Per 

Available Room  
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Fig. 6   4-Stars Hotel Energy Demands Per 

Occupied Room  
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Fig. 7   4-Stars Hotel Energy Demands Per 

Guest   
 
6. Dynamic Base-Line Indicators 
In additional to the full implementation of 
the static base-lines BLV that declared in 
local prescriptive energy code and building 
envelop with different systems thresholds.  
 

Page 326 / 522



Building Simulation Cairo      - Towards Sustainable & Green Built Environment, Cairo, June   rd -   th 
Topic name: Green Architecture 

 

Table 3 
Yearly-Quarter Energy Profiled Demand 

Established By LUUKKI-Egypt   
 

Category 4  - Stars 
3-M of Year JFM AMJ JAS OND

Common  
Area 20 - 25 m2 

Cooling 
Operation 

2.25 
10 

2.25 
14 

2.25 
14 

2.25 
10 

Heating 
Operation 

1.5 
7 

1.5 
5 

1.5 
5 

1.5 
7 

Lighting 
Operation 

1.20 
16 

1.20 
12 

1.20 
12 

1.20 
16 

Ventilation 
Operation 

0.75 
18 

0.75 
14 

0.75 
14 

0.75 
18 

People 
Operation 

1.0 
18 

1.0 
14 

1.0 
14 

1.0 
18 

Equipment 
Operation 

1.0 
1 

1.0 
1 

1.0 
1 

1.0 
1 

Appliances 
Operation 

1.20 
6 

1.20 
6 

1.20 
7 

1.20 
5 

DHW 
Operation 

1.50 
4 

1.50 
3 

1.50 
3 

1.50 
4 

Refrigerator 
Operation 

0.50 
6 

0.50 
6 

0.50 
6 

0.50 
6 

Public 
Area 
Corridors 
Foyers 
Lobbies 
Halls 

0.60 
24 

0.75 
20 

0.75 
20 

0.60 
24 

Services 
Laundry 
Kitchen 
Pools 
SPA 
Front office 

0.35 
20 

 
NA 

0.15 
22 

 
NA 

0.25 
22 

 
NA 

0.35 
20 

 
NA 

 

Others 
Casino 
Bars 
Conference 
Wedding 
Halls 
Business 
Centre 

0.35 
24 

 
0.35 
10 

0.25 
24 

 
0.45 
10 

0.25 
24 

 
0.40 
10 

0.35 
24 

 
0.35 
10 

 
Table 3 indicate many detailed & itemized 
energy indicators in [ kW ] with their 
operating profiles [ h/24h ] per day for the 
4-stars hotels for room sizes ranged from 20 
- 25 m2.  These values should be used in 
energy modeling applications to enable 

assessors to predict the baseline of such 
similar existing Hotels. 
 

Table 4 
Yearly-Quarter Energy Profiled Demand   

Established By LUUKKI-Egypt   
 

Category 5 - Stars 
3-M of Year JFM AMJ JAS OND

Common  
Area 25 - 35 m2 

Cooling 
Operation 

2.00 
14 

2.00 
16 

2.00 
16 

2.00 
14 

Heating 
Operation 

1.25 
8 

1.25 
4 

1.25 
4 

1.25 
6 

Lighting 
Operation 

1.0 
14 

1.0 
12 

1.0 
10 

1.0 
14 

Ventilation 
Operation 

0.75 
20 

0.75 
18 

0.75 
18 

0.75 
20 

People 
Operation 

1.0 
18 

1.0 
14 

1.0 
14 

1.0 
18 

Equipment 
Operation 

2.5 
1 

2.5 
1 

2.5 
1 

2.5 
1 

Appliances 
Operation 

1.20 
4 

1.20 
3 

1.20 
3 

1.20 
4 

DHW 
Operation 

1.25 
6 

1.25 
4 

1.25 
4 

1.26 
6 

Refrigerator 
Operation 

0.35 
6 

0.35 
6 

0.35 
6 

0.35 
6 

Public 
Area 
Corridors 
Foyers 
Lobbies 
Halls 

0.65 
24 

0.80 
22 

0.80 
22 

0.65 
24 

Services 
Laundry 
Kitchen 
Pools 
SPA 
Front office 

0.35 
24 

 
0.35 
12 

0.25 
24 

 
0.45 
12 

0.25 
24 

 
0.40 
12 

0.35 
24 

 
0.40 
12 

 

Others 
Casino 
Bars 
Conference 
Wedding 
Halls 
Business 
Centre 

0.35 
24 

 
0.35 
12 

0.25 
24 

 
0.45 
12 

0.25 
24 

 
0.40 
12 

0.35 
24 

 
0.40 
12 

 
Table 4 indicate many detailed & itemized 
energy indicators in [ kW ] with their 
operating profiles [ h/24h ] per day for the 
5-stars hotels for room sizes ranged from 25 
- 35 m2.  These values should be used in 
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energy modeling applications to enable 
assessors to predict the baseline of such 
similar existing Hotels. 
 

Table 5 
Yearly-Quarter Energy Profiled Demand  

 Established By LUUKKI-Egypt   
 

Category 4 + 5 Stars Resorts 
3-M of  Year JFM AMJ JAS OND

%age Days 
Operations 80 40 40 70 

Common  
Area 25 - 40 m2 

Cooling 
Operation 

2.50 
14 

2.50 
16 

2.50 
16 

2.50 
14 

Heating 
Operation 

1.5 
7 NA 1.5 

5 
1.5 
7 

Lighting 
Operation 

1.20 
14 

1.20 
12 

1.20 
12 

1.20 
14 

Ventilation 
Operation 

0.75 
20 

0.75 
16 

0.75 
14 

0.75 
20 

People 
Operation 

1.0 
14 

1.0 
12 

1.0 
12 

1.0 
14 

Equipment 
Operation 

2.5 
1.5 

2.5 
1.5 

2.5 
1.5 

2.5 
1.5 

Appliances 
Operation 

1.50 
5 

1.50 
5 

1.50 
5 

1.50 
5 

DHW 
Operation 

1.50 
4 

1.50 
2 

1.50 
2 

1.50 
4 

Refrigerator 
Operation 

0.50 
8 

0.50 
8 

0.50 
8 

0.50 
8 

Public 
Area 
Corridors 
Foyers 
Lobbies 
Halls 

0.40 
24 

0.45 
20 

0.45 
20 

0.40 
24 

Services 
Laundry 
Kitchen 
Pools 
SPA 
Front office 

0.25 
16 

 
NA 

0.25 
16 

 
NA 

0.25 
16 

 
NA 

0.25 
16 

 
NA 

Others 
Casino 
Bars 
Conference 
Wedding 
Halls 
Business 
Centre 

0.40 
10 

0.45 
10 

0.45 
10 

0.40 
10 

 
Table 5 is similar to Tables 3 and 4 but it 
includes the modeling data for Resorts for 

room sizes ranged from 25 - 40 m2 that are 
differ from hotels with relatively large 
green area compared with commonly 
known hotels.  
 
7. Conclusions 
Statistical data could be concluded to direct 
the analytical or numerical modeling for the 
existing hotels which are required in GPRS 
ratings. It is also required to use dynamic 
base-lines in the form of individual energy 
consumptions coupled with operating 
profiles and splitted to four yearly quarters 
instead of using static base lines in form of 
annual energy consumption per square 
meters for such hotel types. 
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Abstract: Interior design doesn’t exist in a vacuum; it is an integral part of any building construction or renovation
project process. For both the interior Space and the building as a whole to perform optimally, interior design cannot 
be seen as  separate , isolated discipline , but needs to be an integral part of overall design approach .The interior
designer on residential or commercial project should be engaged as a key participant from the beginning  of the
deign process, and can contribute to decisions related to site selection , orientation, massing , mechanical and 
electrical system design with an understanding of how those choices will affect spaces inside the building . 

Nowadays, with the global trends towards Green and Sustainable Architecture, this research aims to highlight how 
the interior design can play an important role in implementing the Concepts of Green and Sustainable Design.

Therefore, with the above goals, this research focuses on sustainable interior design issues and ideas to realize the
Economic, Environmental, and Social Dimensions of Sustainability in the building and its interior spaces which will 
be under our review in this paper. 

Keywords: Dimensions of Sustainability, Sustainable interior design, Sustainable issues.

1.   Introduction 
The environmental impact of the building 
design, construction, and operations industry 
is enormous. Buildings annually consume
more than 30% of the total energy and more
than 60% of the electricity used in the United 
States. In 2006, the commercial building 
sector produced more than 1 billion metric
tons of carbon dioxide, an increase of more
than 30%over 1990 levels. Each day 5 billion 
gallons of potable water are used solely to 
flush toilets. A typical North American
commercial building generates about 16 
pounds of solid waste per employee per day; 
in a building with 1.500 employees, that can 
amount to 300 tons of waste per year [1]. 

Substantiality, Green building practices can 
substantially reduce or eliminate negative 
environmental impacts through high 
performance, market - leading design, 
construction, and operations practices. As an 
added benefit, green operations and 
management reduce operating costs, enhance 
building marketability, increase workers 
productivity and reduce potential liability 
resulting from indoor air quality problems. 
Good Sustainable interior design as an 
integral part of any building construction or 

renovation Project, conserve natural resources 
and energy through the efficient and 
intelligent use of energy, water, materials and 
site. These issues incorporate nature in their 
design, use day light for illumination and 
enhance indoor air quality through efficient 
ventilation and using lower or non- toxicity 
materials. The indoor environment affects the 
productivity and the health of human
occupants through the quality of each air, 
lighting, temperature, and acoustics [2]. 

2. Definition of Sustainable and Green 
Design:

Sustainability is defined as "Meeting the 
needs of the present without compromising
the ability of future generation to meet their 
own needs [3]. 

Sustainable Architecture is architecture which 
is designed in an environmentally friendly 
way, where sustainably designed building aim
to lessen their negative impact on our 
environment through energy and resource 
efficiency.

Accordingly, Sustainable  and Green Design 
(also called Environmental Design) is the 
philosophy of designing the built 
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environment to comply with the principles of
Ecological, Social, and Economic
Sustainability .The intention of sustainable is 
design to "eliminate negative environmental
impact completely through skillful, sensitive 
design"[4].

Fig.1: A diagram of the overall conceptual
framework for Sustainable work for Sustainable
Deign [3]. 

3. The tenets (principles) of Sustainable 
Design:

There are three principles (pillars) of
Sustainability, and each of these principles 
embodies a unique set of strategies (issues), 
which are as follows [3], [4]. 

3.1. The Economic Dimension of 
Sustainability:

The strategies for the Economic
Sustainability are: 

-Cost reduction through efficiency 
improvements and reducing energy and 
natural resources inputs 

-Conservation of raw materials, thus reducing 
the costs of repair and change. 

3.2. The Environmental Dimension of 
Sustainability:

The strategies for the Economic
Sustainability are: 

- providing Fresh Clean Air. 

-Reducing waste an emission to environment,
by using non-out gassing materials and non- 

toxic materials which have low-impact on 
human health. 

3.3. The Social Dimension of Sustainability: 

The strategies for the Economic
Sustainability are: 

- Design for physical Human Comfort, such 
as Thermal, Acoustic, and Visual Human
Comfort.

- Design for psychological Human Comfort,
taking into consideration some designing 
values that affect the Human Psychology, 
such as the interaction between users and the 
environment to feel more connected with the 
natural environment.

4. Applying Sustainable Interior Design 
Issues (Practices) to Achieve the Principles 
of Green and Sustainable Design: 

There are many issues that interior designers 
have to contribute and practice in any 
Sustainable design, and each of these issues 
embodies a unique set of strategies, which are 
as follows:

4.1. Design & Layout as Integrated Design 
and Sustainability: 

- Many, if not all of the major design 
decisions that most affect the sustainable 
performance of a building are made in the 
early phases of design .Some early decisions 
that can have large environmental impacts
include site selection, Building orientation, 
fenestration, and shell and glazing choices 
With integrated design the full team of
professionals can provide early input on these 
decisions [5]. 

- If the architect is pursuing a day-lighting 
strategy, for example the interior designer can 
contribute layout, lighting and color schemes
that complement that strategy. Without early 
knowledge of the project goals, the designer 
may have pursued plans that would make the 
day-lighting strategy less effective, which 
would, in turn have increased energy needs 
and decreased occupant satisfaction.
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- Another strategy  with environmental
benefits that calls for an integrated design 
process is the use of exposed thermal mass
.Exposed  concrete ,brick or stone walls ,and 
roof  structures can reduce peak  cooling 
loads ,especially  when coupled with a night–
flushing  system  that expels the building's
heat and uses  the naturally colder nighttime
air to cool the mass. Implementing such a 
strategy requires collaboration among the 
architect, structural engineer, mechanical
engineer and interior designer. 

4.2. Lighting: 

- Lighting is one of the important sustainable 
criteria in green design issues. Letting natural 
sun light deep into the interior space or 
having sun shading i.e. building external 
window sun shading can greatly reduce the 
usage of artificial lighting. Designers should 
know the morning and evening principles 
while arranging window position in getting 
maximum morning sun light into their café 
area for example [6]. 

- Bigger  building foot prints are encourage to 
have a courtyard in letting more natural light 
coming in .Those having good size of internal 
space are advised to add skylight in order to 
get better sun . 

- Interior designer needs to know about day-
lighting strategies and Sun path diagram
(such as east- west orientation, north where 
ample reflected light, south where strong 
direct light ),Atrium, fenestrations, window-
to-wall ratio, skylights, glass properties.

- Interior designers have a unique role in 
creating the spaces that occupants use daily. 
So lighting needs to be taken into account 
from the start .Where is the natural light? 
How does it flow throughout the day? That 
helps the designer to create the spaces & 
rooms by function to allow the occupant best 
use of each room. These design issues affect 
In any project, an integrated design team
make the connection between the reflectivity
of interior paint and the number and the type 
of lighting fixtures necessary for the interior 
Because the interior designer guides the team

to select a paint color with a high reflectivity,
the lighting engineer is able to significantly
reduce the number of lighting fixtures 
needed. AS a result the HVAC engineer is 
able to reevaluate and ultimately reduce the 
size of the HVAC system .This series of 
choices he mood and comfort of the 
occupants.

- none of which could have been made
without the other - led to a higher quality of 
interior light ,reduced energy costs, reduced 
heat load, and reduced installation and 
maintenance costs for HVAC and Lighting 
system[7].

Fig.2: Summary on Sustainable input for lighting.

4.3. Air ventilation: 

- Having natural air running across the 
building is good green design practice in term
of health factor or the occupants. Some
designers having the vast glazed opening 
within their glass wall for good internal-
external air flow. 

- Interior designer needs to realize insulation, 
fenestration placement, window-to-wall ratio 
and glass properties (as visible transmittance,
solar heat gain coefficient, U-value) that are 
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energy-efficient and that promote cooling by 
natural ventilation instead of by air- 
conditioning

4.4. Interior Materials and Finishes: 

- Evaluating the impact of a material and its 
embodied energy is important looking at the 
sum of energy used at all stages of the 
process. Factors to take into account include 
the raw material transport to the factory,
processing and transport to the point of end 
use. The fewer steps that are taken, the better 
the environmental impact will be the results 
(encourage green transportation) [8]. 

- Using natural materials, such as (bamboo,
natural timber, sisal-carpet, natural 
stone…..etc for flooring materials).

- With economic factor is considered using 
products recycle materials such as having 
recycle glass chandelier to light- up the 
internal space is a superb thing to do. Now 
that wallpaper is fashionable again we can 
look to manufactures who use recycled or 
sustainable paper along with the appropriate 
dyestuff. Flooring can come in many forms,
from sustainable wood through to recycled 
products. For example, carpet manufactures
are now looking at how best to reduce the 
landfill generated by carpets, there are 
companies who are recycling old carpets and 
using then as backing into the new carpet and 
a company who is now producing a 
biodegradable carpet made from 80% 
recycled  nylon. 

- Strategies for sustainable interior design 
that includes avoidance of materials with 
toxic chemistry; use of biobased or recycled 
content; and use whenever possible of 
reusable ,recyclable or compostable
materials[9].

- Eliminate materials that contain or emit
persistent bioaccumulative and toxic 
chemicals Ideally this includes avoiding the 
use of materials that contain or emit other 
highly hazardous chemicals, including 
carcinogens, reproductive toxicants, 
neurotoxicity, endocrine disruptors, acute 

allergens and volatile organic compounds
(VOCs).

- Designers must use low–VOC and non–
PVC products whenever possible in design 
and construction. Commercial paints have 
VOC's present from chemicals which reduce 
indoor air quality also affects the structure 
underneath. Natural paints do not pose a treat 
to indoor air quality. 

Fig.3: Summary on Sustainable Interior materials and 
finishes.

4.5. Furniture:

- Ranging from wooden products from
sustainable forests through to recycled 
products, leading to variety of extraordinary 
design which may have been lacking in 
pervious years. Recycled furniture can be as 
good in quality as the product was in its 1 ST 
lifetime-recycled no longer looks recycled 
.The consumer market has a huge and 
growing variety in style and form of green 
furniture and products, which are beneficial 
both for people and the environment [8]. 

- Quality design and high specification
products are available in the market allowing 
us to have no compromise in our values and 
our passions for clever, functional design -led 
environments.

4.6. Indoor Air quality: 

- The environmental sustainability in the 
building is associated with improving the 
indoor air quality, creating a safe and healthy 
space for people to live and work ,and 
making a positive impact on the environment
by combating the environmental pollution, 
tackling climate change, and helping reduce 
Greenhouse Gas Emissions.

Interior materials and finishes

Green transportation materials

Natural & durable materials

Non-toxic & low VOCs finishes

Recycled materials & products 
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- Improving the indoor air quality through 
design issues that are related to day-lighting 
strategies, sun path, layout of spaces, atrium
and building shell (as facades, windows, 
skylights), high-efficiency glass properties, 
insulation and ventilation . 

- The choice of interior materials and finishes 
form treatments, paints and products that 
minimize chemical emissions and avoid toxic 
chemistry can also affect indoor air quality, 
building maintenance, acoustics and occupant 
comfort.

Fig.4: Summary on Sustainable input for Indoor air
quality.

4.7. Physical & Psychological Human 
Comfort:

- The social sustainability in the building 
focuses on enhancing the coexistence 
between buildings and their occupants' .This 
can improve productivity, reduce. Stress, and 
positively affect Human health and well- 
being .Most simply, the social sustainability 
in the building depends on the Humane
Design, which improve the quality of life for 
users of the building, because it arises from
the humanitarian goal of respecting the life
and dignity of Human.

- A key aspect of the social sustainability in 
the building is design for the physical human

comfort   , such as acoustics, and visual 
comfort.

- Another Key aspect of the social 
sustainability in the building is design for the 
Psychological human comfort, by respecting 
the cultural background of the building and 
providing some design values such as 
privacy. Moreover, studying the human
nature, which tends to connect with the 
nature, and providing visual connection o he 
exterior world outside the building.

- As well as that one of the objectives and 
targets of the social sustainability in the 
building is modifying the human behavior, 
taking into account the fact that this has 
important knock-on effect of improving the 
built environment, making it less encouraging 
to vandals to persist in the abusive 
environmental behavior such as writing on 
walls, thus reducing and modifying the 
sabotage behaviors. And this has an economic
dimension as well by maintaining the raw 
materials from waste and reducing 
maintenance costs [3], [4]. 

5. Sustainable Interior Design Practices 
(Cases Study): 

After detailing all the information related to 
sustainable interior Design practices, the 
research will highlight and focus on the
interior design role in sustainability 
throughout cases studies in sustainable 
design.

5.1. Case study: School 

- The first rated LEED in Virginia, the 
Langston High School and Brown 
Community Center is one of LEED-Certified 
in the United States. That LEED (Leadership 
in Energy and Environmental Design)  a
rating system which guides and measures the 
green building process.

- William T. Brown, AIA, a partner with 
BeeryRio Architecture & Interiors, was the 
project manager and architect. Brown and his 
team used a number of sustainable design 
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approaches in the construction of the building 
and grounds, including indirect day lighting 
strategies, solar shading devices, and an 
energy-efficient and environmentally friendly 
HVAC system.

- The center includes also waterless urinals 
and low-flow faucets and showers to reduce 
potable water consumption, and third–floor 
clearstory windows provide the upper-level 
instructional spaces with natural daylight. In 
addition, only low-VOC materials, adhesives, 
sealants and paints were specified used.

- The designers also tried to find areas where 
they could leave the interior of the structure 
exposed, minimizing finishing materials and 
introducing color - in the form of low-VOC 
paints - for character. Durability of finishes
was another important consideration, as was 
avoiding the use of products from the clear-
cutting of forests. “We used stained concrete 
floors instead of using vinyl composition
tile,”said Brown. The designers also selected 
wheat straw fiber rather than particleboard for 
the cabinetry. This agrifiber-based material is 
rapidly renewable, formaldehyde-free product 
that provides exceptional strength and 
moisture resistance. According to Brown, the 
product denser than particleboard (which 
emits chemical vapor), is very hard and 
durable [10]. 

Fig.5: The designers selected wheat straw fiber
rather than particleboard for the cabinets & benches. 
This agrifiber-based material is rapidly renewable,
formaldehyde-free product that provides exceptional
strength and moisture resistance. And third–floor
clearstory windows provide the upper-level 
instructional spaces with natural daylight [10].

Fig.6: Using exposed ceilings and lack of walls in
many internal spaces allow for easier maintenance
and reconfiguration of room sizes.

Table (1) shows Environmental & Sustainable
Aspects in the Langston High School and Brown
Community Center, one of LEED-Certified in the
United States.

Building
Type

LEED

Rating

Environmental & 

Sustainable Aspects

Case
Study 1 

School

Silver

(35)
points

-The indoor environment features 
adhesives, solvents, paints, and 
carpets with low levels of volatile 
organic compounds (VOCs).

-Each classroom provides at least
four switches to control lighting
levels.

-Sunshades provide indirect 
daylighting while maintaining
views in more than 90% of the 
building's occupied spaces.

-Additional daylighting in every
third-floor classroom comes from 
clerestory windows.
A stained concrete floor system

was used in lieu of vinyl
composition tile. The designers 
selected wheat straw fiber rather 
than particleboard for the cabinets
& benches. 
-Environmentally responsible 
aspects of the site include pervious 
asphalt in the parking spaces. Two 
11,000-gallon tanks store 
rainwater for onsite irrigation, 
sidewalk washing, and other uses.
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5.2. Case study: Hospital 

- Boulder Community Foothills Hospital 
(BCH) opened in 2003, earned a LEED v2 
Silver rating from the USGBC and is nature 
it within a community that is known for its 
forward-thinking approach to social and 
environmental concerns. In 2001 Boulder 
Community Hospital (BCH) established an 
environmental policy to ensure that all of
their facilities met certain environmental
standards, instituting programs such as 
recycling and water efficiency [10]. 

5.2.1 Interior Design Sustainable issues in 
(BCH):

- The objective of LEED certification was 
written into every contract throughout the 
building process, and as the project got 
underway, achieving accreditation became a 
personal goal for all involved in the Foothills 
project.

- “We all knew we had a challenge to do this 
(LEED) in the health care environment .But 
this probably the best design work I've been 
involved with,” recalls Diann Sherk, of SO 
design, the lead interior designer of the 
Foothills project. 

- Perhaps the greatest test in designing the 
hospital's interiors was meeting the durability 
needs of around -the-clock health care 
facility.  Kristi Ennis AIA, LEED AP, 
Foothills project architect for medical
architecture, reiterates this point, “There are a 
lot of great sustainable materials out there 
residential projects that have no place in 

health care.” Popular sustainable materials
such as cork and bamboo simply could not 
handle  the hospital's traffic  and cleaning 
requirements .The interiors team  did 
intensive research to get recommendations
for green commercial products. Every interior 
product under consideration was brought to 
BCH's environmental services team for 
rigorous testing. 

- Much of hospital's flooring is linoleum by 
Forbo and Armstrong .A rapidly renewable 
product; it was applied with low-VOC 
adhesive. The interface carpeting selected is 
low-VOC comprised of 42% recycled 
material and also installed using low-VOC 
adhesive [10]. 

Fig.7: Maternity rooms feature views of Boulder's
impressive scenery. Patients can operate individual
lighting and temperature setting in their rooms, and
in- room refrigerators give them control over dietary
needs as well .The interiors team did intensive 
research to get recommendations for green
commercial products and use durable/ sustainable
materials in the rooms [10]. 
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- Sherk and her design team used 
transparency as a strategy throughout the 
building "s interiors. Day lighting was used 
whenever possible, particularly in the 
hospital's main gallery. 

Table (2) shows Environmental & Sustainable
Aspects in Boulder Community Foothills Hospital
(BCH).

Building
Type

LEED

Rating

Environmental & 

Sustainable Aspects

Case
Study 2 

Hospital

Silver

(33)
points

Using low-emitting materials

including paint, sealants, carpet, 

adhesives and furniture

The interiors team did intensive 

research to get recommendations 

for green commercial products 

and use durable/ sustainable 

materials in the rooms which

could handle  the hospital's

traffic  and cleaning

requirements

Light sensors in offices to reduce 

energy consumption. Patients in 

rooms can operate individual

lighting and temperature setting 

in their rooms, and in- room 

refrigerators give them control

over dietary needs as well 

-many environmental innovations, 

including a super-efficient power 

plant, roofing material that reflects

solar heat gain to reduce air-

conditioning costs, high-

performance windows, and even 

waterless urinals

Many of the products incorporated

recycled material, and 64% of 

jobsite construction waste was 

recycled.

Fig.8: Expansive windows in the atrium maximize
use of natural light throughout the building. The 
atrium's western exposure, towards the mountains,
helps orient visitors while in the building [10].

- Recycling bins were built into the interior, 
rather than placed as an afterthought to 
encourage recycling by employees and 
visitors. And to discourage smoking
anywhere on the hospital campus, ash 
containers were purposely not placed outside 
the building [10]. 

6. Conclusion: 

No matter what kind of project the interior 
designer is working on, whether commercial
or residential, the designer faces a number of 
constrains, including financial limits and 
scheduling requirements .The integrated 
design process can help the designer meet the 
challenge of incorporating sustainable design 
into his or her  everyday practice on projects 
all sizes[7], [8]. 

As we see bigger role playing by the Interior 
Designer in contributing the process of 
designing the built environment;
Sustainability or green is an umbrella term
for a myriad of elements considered as part of 
the design process. With the option we have 
now of having no planet B, future generation 
of Interior Designer must well equip and well 
aware how important to have sustainable 
green design.
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We have to start by the future designer, 
responsible of one of the important
specialization affect directly all type of 
interior lives. These issues could be done by: 

1- Informing the new generation and increase 
their interest around the Sustainability 
philosophy.

2-Encouraging more study related to the main
topic “Sustainability”. 

3- Sustainability should be considered as new 
way of thinking and living

4- More study to implement the 
Sustainability in the Arab countries 

5- Adapting the concept of Sustainability to 
the Arab culture. 

6- Re-planning the Interior Architecture 
program to fit these new theories within 
several standards courses. 

7- Developing the existing courses to meet
the Sustainability philosophy 

8- The research's centers should take their 
roles to develop and study the local 
sustainable materials to convene the interior 
design need.

9- Recycling factories for the wasted 
materials to reproduce the life-cycle 
materials.

 More studies about environmentally,
economically and socially sustainable interior 
design will be necessary to contribute to the 
further refinement of an interdisciplinary 
body of knowledge in sustainable design. It is 
important to know the state of 
environmentally sustainable interior design 
practice (Kang, 2009) [6]. 
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Abstract: This paper presents a comparison between field measurements and simulated indoor dry bulb
temperatures of a case study of residential building stock in October 6th city in Greater Cairo, Egypt. The
measurements were conducted in the winter season of 2013 over one week in January. At the beginning of the study
a visual survey was conducted for the case study in order to analyze the construction materials and façade
formal configurations. Indoor measurements were conducted to specify the indoor air temperature while outdoor
measurements for the ambient temperature were provided by the meteorological Authority for the same period. The
Indoor measured air temperature was used to validate the indoor simulated air temperature generated from the
building performance simulation commercial code IES<VE> (Integrated Environmental Solutions - Virtual
Environment) under the Egyptian climate conditions.

Keywords: Indoor thermal comfort, Building simulation, Field measurements, Air temperature, Hot-arid climate

1. Introduction
This paper aims to validate a synthetic
simulation weather profile of indoor air
temperature in the Integrated Environmental
Solutions  Virtual Environment (IES<VE>)
software program version 6.5 by comparing
the indoor dry bulb temperature between
both field measurements and simulation
predictions the winter conditions of the hot
arid climate of Cairo-Egypt during one week
in January.
This study is a part of a PhD project that
investigates the indoor thermal comfort of
the residential building stocks in October 6th
city in Greater Cairo. The project aims to
figure out a framework for improving the
indoor thermal comfort for the existing
buildings and study its relationship with the
hot arid climate. Analysis of the building
materials, field measurements and personal
observations show that there is significant
thermal discomfort inside the apartments as
a result of the poorly adapted design and

construction materials to the climate
conditions.
Egypt is a rapidly growing country in Africa
and encounters massive challenges in the
expansions in its urban centres due to rural
urban migration leading to a rising demand
on the housing sector   (The real estate
Academy forum of affordable housing,
2011).With a population of 20 million, Cairo
is considered one of the world's 16 largest
cities in urbanizing and population growth
(Demographia 2013) [9].   
In the previous two decades, a considerable
number of state funded residential projects
were undertaken under the affordable social
housing scheme in different regions of
Egypt and concentrated in the Greater Cairo
region. The apartment blocks are designed
as a prototype of façade design, height,
footprint configuration and finishing
materials. They were built irrespective of the
bioclimatic conditions in different regions of
Egypt.  

Building Simulation Cairo 2013 - Towards Sustainable & Green Built Environment, Cairo, June 23  - 24  rd th

Page 338 / 522

mailto:egylord@hotmail.com


Topic name: Indoor Environmental Quality 

This paper studies one of the social housing
projects that were built in 6th of October
City which is a satellite development on the
western side of Greater Cairo. This city is
one of the oldest and largest developments
among twenty-two developments that were
constructed around Greater Cairo in three
phases from 1977 to 2000. Forty cities are
planned to be built in the future in order to
solve the housing problem and to reduce the
pressure on services in Cairo city (New
Urban Communities Authority (NUCA),
2013) [18].  
The chosen site is a small part of the city
and has been constructed in 2005 as a part of
a large scale urban development project
launched by the Egyptian government for

Housing

residential units for low income distributed
throughout Egypt within 7 different
ownership or rental schemes; ownership of

scheme, build your own house scheme,
smaller dwellings (36 m2) for rent scheme,
63 m2 dwelling for rent scheme, family
house for rent scheme and ownership for
rural house scheme. The present study is
focusing on one of the districts was built
under the scheme of 63 m2 apartments for
rent. 

Thermal comfort is defined by Hensen
(1991) [13] as a state in which there are no
driving impulses to correct the environment
by behavior. Thermal comfort is also
defined by ASHRAE standard 55 (2003) [1]
as that condition of mind which expresses
satisfaction with the thermal environment
and is assessed by subjective evaluation.
According to Szokolay (2008) [24] the
variables that affect heat dissipation from
the body and consequently thermal comfort
can be grouped into three sets;
Environmental (Air temperature, Air
movement, Humidity, Radiation), Personal
(Metabolic rate, Clothing, State of health,

Acclimatization) and Contributing factors
(Food and drink, Body shape, Subcutaneous
fat, Age and Gender). This study focuses on
Air temperature as it is a dominant
environmental factor, as it determines
convective heat dissipation (Szokolay, 2008;
Auliciems, 2007; Carr et al., 2003) [24], [4],
[6].

2. Research on thermal comfort in hot
arid climates

Although numerous studies have been
undertaken worldwide on thermal comfort,
research is still limited on thermal comfort
in hot arid climates (Cena & de Dear 2001)
[1]. The international standards for thermal
comfort such as ASHRAE and ISO are
almost exclusively based on theoretical
analyses of human heat exchange performed
in mid-latitude climatic regions in North
America and Northern Europe (Djongyang
et al. 2010; ASHRAE standard 55, 2003)
[10], [1]. Although ASHRAE and ISO7730

comfort yet it ignored the adaptive approach
which is considered equally important as the
heat balance approach (Nicol 2004) [19].
Interest in  researching adaptive thermal

reaction to the oil shock and  recently  to
decrease reliance on energy intensive
building systems and to reduce the  human
impact on the global climatic environment.
Controlling the indoor environment can
have significant impacts on both improving
comfort and reducing energy consumption
(Brager and de Dear 1998) [5].
Nicol (1974) [20] conducted an important
study on  hot arid climates. The principal
result of his study highlighted that people
who habitually live in hot arid climates were
adapted to and mostly comfortable at a
globe temperature of 32 degrees. He
indicated that his results contrast with a
study conducted by Hamphreys and Nicol
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(1970) about the English office workers who
were comfortable at globe temperature of
20- More recently, Cena and de Dear
(2001) [7] carried out a large field study in
Kalgoorlie-Boulder located in a hot-arid
region of Western Australia. The purpose of
their study was to highlight the effects of
indoor climates on thermal perception and
adaptive behavior of office workers in air
conditioned office buildings. The main
result of the study was that thermal
neutrality in accordance with the ASHRAE

.
Indraganti (2010) [14] conducted a thermal
comfort field survey in summer 2008 on the
use of adaptive environmental building
controls like windows, doors, curtains and
comfort responses in apartment buildings in
Hyderabad in India. The study investigated
five small to medium sized apartment
buildings, having three to six floors. A
mixed males and females Sample of 113
subjects in forty-five flats in the five
apartment buildings has been investigated.
Results indicate that about 60% of the
occupants were uncomfortable in summer,
furthermore, neutral temperature of

was specified by regression analysis while
the outdoor maximum and minimum air
temperature
respectively. In addition, occupants
adaptively used the physical environmental
controls like windows, balcony, doors,
external doors and curtains to achieve better
comfort in the indoor environment.
On the local level, in Egypt, there were also
limited published studies on residential
buildings in this hot-arid climate. Gado T.
and Osman M. (2009) [11] evaluated the
effectiveness of natural ventilation strategies
used in state funded dwellings in New Al-
Minya city in Egypt. The work was
undertaken in two stages. Stage one was a

pilot study that investigated the using
physical building transformations that could
affect natural ventilation performance such
as installing external horizontal and vertical
solar shading devices and, changing the
window design. Stage two was a simulation
study using   Autodesk-Ecotect to evaluate
the natural ventilation performance during
the hottest period of the year and the
computational fluid dynamics software
FloVent to investigate the internal air
movement patterns. The results of the work
showed that cross ventilation and night
purge ventilation for the case study could
only achieve 4.9% reduction in temperature,
so that passive cooling was not effective for
this case study. Sheta W. (2011) [23] used
building si
B
performance of an existing residential
building and its relationship with building
materials at one of the new communities
around Cairo is called El
Khames. This study aimed mainly to
validate design builder simulation software
by comparing the indoor and outdoor
temperature between the field measurements
and simulation work. The main result was
that the design of New Cairo buildings

 take in consideration the prevailed
climate condition. Attia and De Herde
(2009) [3] have investigated different active
and passive design strategies such as thermal
insulation, efficient glazing systems and
solar applications to achieve low Energy

residential compound in Cairo. The
simulation results indicated that the
combination of active and passive strategies
not only achieved up to 83% total reduction
in electric energy demand but also improved
the comfort and quality of living. Michelle
S. and Elsayed H. (2006) [17] conducted a
field survey and simulation analysis in Cairo
and Alexandria to investigate the energy
performance of the residential buildings and
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urban planning and its relationship with
climate conditions in both cities. The study
aimed at reducing the energy consumption,
increasing the building energy efficiency
and improving the indoor and outdoor
comfort level. The study showed how the
passive solutions in design have a significant
impact among the other different design
elements. 

3. Methodology
The methodology is divided in three parts.
The first part is a visual survey to identify
and analyze the building materials and
construction techniques used in the
reference case, the second part explains the
field measurements which were carried out
mainly in order to validate the simulation
results and finally the third part explains the
simulation package and modeling analysis
for the reference case to compare the
simulation results with the field
measurements.

1. Visual Survey
The buildings are designed as one prototype
and distributed on the site (Fig. 1, Fig. 2).
Each building consists of six floors divided
into six apartments with an equal area of 63
m2 for each apartment. The buildings are
oriented and designed irrespective of the
bioclimatic conditions in different regions of
Egypt. The visual survey and desktop study
of architectural drawings were conducted to
analyze the building materials and
construction techniques.  As shown in the
fig. 1, the skeleton structure for the
buildings is made entirely of reinforced
concrete both for slabs and columns. 
Analysis of the building materials, field
measurements and personal observations
show that there is significant thermal
discomfort inside the apartments as a result
of the poorly adapted design and

construction materials to the climate
conditions.
Clay bricks with holes (dimensions 250 x
120 x 60 mm) and cement mortar and
plastering are commonly used for the
external and internal walls with a thickness
of 120 mm for both external and internal
walls. The infill wall and the concrete

Fig. 1. The prototypical dwellings in the chosen
site

Fig. 2. 63 m2 dwellings in the chosen site its
design plan highlighting the apartment where

measurements were done
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structure are exposed to outdoors ambient
fluctuations and it is argued that the exposed
thermal mass
thermal storage. 
The living room in one of the apartments is
shown in (Fig. 2) and was selected to be
examined as it is the most attractive space
for the inhabitants inside the apartment. The
air temperature measurements has been
taken inside the living room space to be
compared with the one generated by the
simulation work of IES<VE> for the same
space.

2. Measurements
The field measurements were conducted in
the winter season of 2013 over one week in
the first half of January. According to the
climatologically reports over thirty years
from 1976 to 2005, January is the coldest
month of the year in Cairo. Davis weather
station (fig. 3) was used to record the indoor

air temperature in three hour intervals. Davis
device can provide temperature readings
from --40°C to 65°C with sensor accuracy of
±1°F (±0.5°C). it also measures relative
humidity from 0 to 100% with accuracy of
±3% (0 to 90% RH), ±4% (90 to 100% RH).

As the focus of the study is to validate a
commercial simulation software program;
the building performance simulation
commercial code IES<VE> (Integrated
Environmental Solutions - Virtual
Environment) was chosen to simulate the
thermal performance of one of the chosen

residential buildings. The study aims to
validate this simulation software by
comparing the air temperature between field
measurements and simulated ones.
The 63 m2 dwelling for rent in October 6th

city are chosen to carry out the field
measurements. Air temperature was
measured
living rooms. The chosen living room is
north oriented. The external air temperature
was provided by the meteorological
authority in Cairo. The apartment was
naturally ventilated without any cooling or
heating systems.

3. Building Performance Simulation
tools

According to the U.S. Department of Energy
(DOE) there are 393 software tools available
for assessing the performance of buildings
regarding energy efficiency, renewable
energy use and sustainability credentials in
buildings. IES<VE> uses the calculation
engine of Apache thermal analysis module,
which provides either steady-state or
dynamic analysis of energy consumption
and indoor thermal conditions (University of
Cambridge 2013) [25].

of the  weather profile in the simulation
package IES<VE> version 6.5 in the hot-
arid climate by comparing the indoor air
temperature measured  in the field with its
counterpart generated by IES<VE>
simulation software for the same living
room in the same apartment in three hour
intervals. 
Fig. 4 shows the model built by IES<VE>
for the reference case in order to be
simulated. According to the US Energy
Department, IES <VE> is considered one of
the 20 major building energy simulation
programs. It includes ApacheSim, a
dynamic thermal simulation tool based on
first-principles mathematical modeling of

Fig. 3. Davis weather station
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building heat transfer processes. It is a
validated tool using the ASHRAE Standard
140 and authorized as a Dynamic Model in
the CIBSE system of model classification
(Crawley et al. 2005) [8].

4. Results and Discussions
According to Köppen  climate
classification, Egypt is located in the hot
arid climate region. According to the
Egyptian Meteorological Authority report
(1976  2005) obtained from Cairo airport
station number 366, the annual average

maxi

in the peak summer month (July) and a

the peak winter month (January). The annual
average relative humidity is 55% with a
maximum monthly average of 61.7% in
December and minimum monthly average of
45.5% in May.
The indoor air temperature and humidity
was monitored in three hours intervals
during one week from 4th of Jan. 2013 until
10th of Jan. 2013. Measurements were
carried out inside a living room space of one
of the apartments in the first floor level. 
In addition, all construction details and
materials used in the buildings for external
envelope, interior partitions, doors and

windows were applied to IES<VE>
simulation program. Cairo weather data file
which was obtained from the meteorological
authority was used for the simulation work.

profile, windows profiles and doors profiles
were obtained from a questionnaire filled by
the occupants of the reference case. This
questionnaire was distributed to thirty
occupants who live in thirty different
apartments and it included specific questions
about the required data.
Fig. 5 and table 1 show a comparison
between the measured and simulated indoor
air temperature inside the living room of one
of the apartments in the first floor and the
difference between them and the outdoor air
temperature. The comparison aims mainly to
ensure the accuracy of IES<VE> software
program in terms of the weather data profile
and to discuss the thermal comfort of the
inhabitants. The comparison shows that
indoor maximum measured air temperature;
minimum measured temperature and average

week
period specified previously. The simulated
indoor air temperature in the same living
space during the same period of
measurements shows that maximum
simulated temperature, minimum simulated
temperature and average simulated

respectively. 
Table 1. Measured and simulated indoor and 
outdoor Temp.

Max.
Temp.
( C)

Min.
Temp.
( C)

Av.
Temp.
( C)

Outdoors 18.2 7.8 12.8
Measured

Indoor temp.
18 15 16.8

Simulated
indoor temp.

19.9 14.5 17.8

Fig. 4. Reference case model in IES<VE>
simulation software
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Accordingly, the differences between
simulation and measurements in the max.,
min., and av. air temperature are 1.9 C, 1.5
C, 1 C. So that, the differences between

the measured temperature and the simulated
 in general. This result

shows that there is no significant difference
between the field measurements and the
simulation work which gives credibility for
the IES<VE> software for simulating the
thermal performance of this kind of
buildings. 
Moreover, by comparing the outdoor
measured air temperature and the indoor
measured air temperature the one week
specified, Table 1 is showing that the max.,
min. and av. Outdoor air temperature are
18.2 C, 7.8 C and 12.8 C respectively.
Consequently, the differences between the
measured outside and inside air temperature
in max., min., and av. are 0.2 C, 7.2 C, 4
C respectively. This shows that the

difference between outside and inside air
temperature during the peak hours is quite
very small while the difference between
outside and inside air temperature during the
night-time is quite high indoors than
outdoors. This is observed also in fig. 5 that
during the day time from 9:00 to 18:00 the
measured temperature inside follows the

outside ambient temperature profile
especially in the peak hours but during
night-time from 18:00 to 9:00 recorded
inside temperature are higher than ambient
temperature. There are many explanations
for that, for example, the building envelop
has large heat storage which conserve solar
heating at the day but radiates it at night in
the indoor environment. Accordingly, this
could be appreciated in winter as the people
generally feel cold at night according to the
questionnaire but it may make the building
overheated at summer season at night. There
are also other explanations such as the
occupancy of the apartment at night-time is
higher than the daytime and this was proved
also by the questionnaire which distributed
to inhabitants. The use of lighting and living
equipment inside the apartment such as
televisions and kitchen equipment increases
in the evening than in daytime. These factors
combined lead to a significant increase in
indoor temperatures. 
In addition, it is observed in fig. 5 that both
indoors measured and simulated air
temperature mostly dipped twice per day at
9:00 and 18:00; the reason behind this

habits as they prefer to open the windows

Fig. 5. Comparison between Air temperature measured and simulated one
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once at 9:00 in the morning before leaving
and again at 18:00 both for one hour.
However, most of the inhabitants as
questionnaire analysis indicates stated that

 feel thermally comfortable in
their apartments as they felt slightly cold
during daytime and general discomfort
being colder at night-time. Observations
showed that people use adaptive behavior
such as wearing heavy clothes at night to
acclimatize with the indoor cold
environment.
The root mean square error (RMSE) was
calculated to ensure the accuracy of IES<VE>
simulation software program. (RMSE) is
commonly used to calculate the differences
between values predicted by a model or an
estimator and the values actually observed
(Rob J. 2006) [22].
The RMSE of an estimator  with respect to
an estimated parameter  could be
calculated by the following equation: 

RMSE ( ) = =

In this context, the RMSE between Tin
measured and Tin simulated during the one
week specified was calculated and the result
that it is equal to 0.08. As Maamari et al.
(2006) [16] suggested the acceptable
percentage difference between the building
performance simulation result and the field
measurement result should be between 10 -
20%, so that the difference of 8% is
acceptable.
Furthermore, the fact that the simulated
values of the indoor air temperature are
quite closer to the measured indoor air
temperature at the day time than the night
time (fig. 5) means that the accuracy of the
simulation software is higher at daytime.
 

5. Conclusion
Investigating the IES<VE> accuracy for the
indoor air temperature in hot-arid climates is
important for future research applications in
these regions and assessing possible design
interventions to building fabric and services
to improve indoor thermal comfort. The
present study aims at investigating the
Integrated Environmental Solutions
Virtual Environment (IES<VE>) accuracy
for indoor air temperature. In this context,
the field measurements for air temperature
of the reference case were compared with
the simulation outputs during one week in
the first half of January. The comparison of
the results proved the  credibility of IES<VE>
version 6.2 for estimating the indoor air
temperature - during the week specified
previously - as a dominant factor in the
indoor thermal comfort and sustainability
analysis for buildings in hot arid climate
regions. The above findings might change
when the measurement for a longer period
of time or other thermal comfort variables
are considered. In addition, the study
confirms that during the one week
measurement, the prototypical design for the
projects of national housing in October 6th

city have been built irrespective of
bioclimatic conditions. A second part of this
study will be conducted in the summer
season of 2013 in order to investigate the
thermal comfort level in the reference case. 
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Abstract: Indoor environment has a potential impact on health by influencing behaviors, actions, and
interactions of patients and their families as well as the health providers. The motto of health professionals since
Hippocrates “First, do no harm” seems to be not widely followed in recent times. Unhealthy buildings can cause 
a lot of illnesses to occupants. Sick building syndrome (SBS) is a poorly understood phenomenon where people
have a range of symptoms related to a certain building and there is no specific identifiable cause. The effect of
poor indoor environmental quality (IEQ) is not only on physical health of the building occupants, but also on 
their psychological health. Through extensive review, the paper addresses different factors, which affect both
physical and psychological health of occupants in healing environments.
These factors are divided into two main categories; (a) spatial factors, which include the architecture design of 
the space, views of nature and nature images, indoor plants and landscaping, wayfinding and orientation of the
space, pleasant color scheme, the presence of coordinated art objects, furniture layout, and video and virtual
reality environments; and (b) environmental factors include air quality and freshness, availability of daylight,
thermal comfort, and acoustic quality.
Since hospitals are profoundly different from other types of buildings, the study focused on integrating the
aforementioned factors toward an optimal healing environment for children in a state pediatric hospital in Assiut
city, which has potential impacts on occupant satisfaction and wellbeing. Based on a comprehensive literature
review, the paper also summarizes both negative and positive factors, which provide a point of departure for
further investigation and exploration within the field of IEQ in healing environments.

Keywords: Occupant Satisfaction, Healing Environments, IEQ Factors

1. Introduction
There are multiple stressful components
leads to discomfort while being in healing 
environments such as (i) psychological 
fears: worries about illness, isolation from
family and friends, fear of medical
procedures, lack of familiarity with medical
personnel, hospital equipment, and the 
sterile hospital environment [1], and (ii) 
physical complaints: eye, nose and throat 
irritation, headache, fatigue, nausea, 
dizziness and skin irritation accompanied
by symptoms of lack of fresh air, stuffiness,
poor temperature control and unpleasant 
odors [2]. 
The purpose of this paper is to provide a 
succinct and systematic review of the 
existing research in indoor environmental
quality (IEQ) in healing environments, in
order to achieve the occupant satisfaction 
and to improve the patients’ physical and 
psychological health during hospitalization 

by non pharmacological approaches, which 
depend on dealing with IEQ factors; both 
spatial and environmental ones. 
The paper begins with the concept of 
healing environments, which is introduced 
in Section 2; the paper discusses in the 
following Section 2.1 the illnesses caused 
by poor IEQ. Then, In Sections 3.1 and 3.2 
the study elaborates both spatial factors and 
environmental factors respectively, which
affects the patients’ health. Section 4 
describes the possibility of integration of 
these factors in a state pediatric hospital in
Assiut city as a case study, which aimed to 
reach occupant satisfaction based on the 
literature review, while Section 5 concludes 
the paper. 

2. Healing environments 
The word “healing” comes from the Anglo-
Saxon word haelen, which means to make
whole. One way to understand the term is 
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as harmony of mind, body, and spirit. 
Healing is not the same as curing, which is 
about fixing problems, eradicating disease, 
and decreasing symptoms. People can be 
healed even if they are not cured. For 
example, those with a chronic disease can 
learn to be at peace despite their condition.
Conversely, people may be cured but not 
healed [3]. Thus, healing environments are 
designed to promote harmony of mind,
body, and spirit. 
Huelat posited whether caregivers, good 
medicine, beautiful surroundings, and 
astute diagnoses may make the healing 
journey a pleasant transition from illness to 
health, or the journey might be filled with 
fear, trepidation, confusion, discomfort, and 
anxiety from being separated from loved
ones and familiarity [4].
Zborowsky et al argued that such 
environments can reduce stress and anxiety, 
which positively affects our health in a 
number of ways. Neuroscience is showing 
that our brain and nervous, endocrine, and 
immune systems are constantly interacting 
[3].
Thus, a noisy, confusing hospital room 
might leave a patient not only feeling 
worried, sad, or helpless but also might
raise his or her blood pressure and heart 
rate and increase muscle tension. In
addition, hormones released in response to 
stress could suppress the patient’s immune
system, causing wounds to heal more
slowly.

2.1. Sick building syndrome (SBS) and 
building related illness (BRI) 

A variety of expressions have been 
associated with illnesses caused by poor
IEQ, such as sick building syndrome (SBS), 
building related illness (BRI) and 
environmental sensitivity. Sick building 
syndrome varies in a number of ways from
building related illness. The symptoms of 
sick building syndrome are predominantly
non-specific, that is they are not readily 
identifiable to one illness, or one 
contaminant source [5].

Unhealthy buildings cause a lot of illnesses 
to the occupants. BRI has been defined as
illness that the causal factor can be 
identified clinically [6]. The illnesses are
usually characterized by a unique set of 
symptoms which may be accompanied by 
clinical signs, laboratory findings, and 
identifiable pollutants such as
hypersensitivity pneumonitis, humidifier
fever, asthma, and allergic rhinitis. A 
variety of symptoms are reported by 
occupants suffering from BRI; these are 
listed in Table 1. 

Table 1. Symptoms typical of BRI [7]
Affected organs Symptoms
General irritability, fatigue, chills
Skin evanescent rashes,

dermatitis
Neurologic drowsiness, inability to 

concentrate, headache, 
forgetfulness

Eye watering eyes, burning
and redness, 
conjunctivitis

Nose & Throat runny nose, rhinitis, sore 
throat, sneezing, dry 
mucous membranes,
nasal congestion 

Airway wheezing, chest
tightness, cough, chest 
pain, shortness of breath 

Musculoskeletal aches and pains 
Gastrointestinal stomach pain, nausea 

3. Factors affecting indoor 
environmental quality (IEQ)

Many studies indicate that there are various 
factors which have profound effects on 
occupant satisfaction in indoor 
environments. These factors should be 
considered integrated components; the 
qualities of one factor significantly affect
those of another. The caveat is that every 
IEQ decision should be regarded as having 
potential positive or negative consequences
in each of these factors.
The effect of poor IEQ is not only on 
physical health of the building occupants, 
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but also on their psychological health. The 
study investigates the different factors, 
which affect both physical and 
psychological health of occupants in 
healing environments. These factors are 
classified into two categories: spatial 
factors and environmental factors. 

3.1. Spatial factors
To promote the speed of postoperative 
recovery and to achieve satisfaction during 
hospitalizations, it is important to provide 
patients with not only the best treatment
possible, but also to remove such sources of 
stress and to counter them with positive
distractions, which can affect the perceived
waiting time positively [1], [8].
Positive distractions refer to a small set of 
environmental features or conditions that 
effectively reduce stress. Distractions can 
include certain types of music, furniture
layout, Indoor plants and landscaping, 
wayfinding and orientation, color scheme,
art objects, views of nature and virtual 
reality (VR) intervention [9] as explained
below.

3.1.1. Architecture design of the space 
Design cannot eliminate disease, but it can
alter the experience the hospital guests have 
through their own healing journey. [4]. 
Architecture design of a space influences 
users’ sensory perceptions and affect staff
recruitment and retention, as well as 
efficiency and productivity [10]. It also 
influences behaviors, actions and 
interactions of patients, families, and staff 
members [11].
Sufficient space in patient rooms and 
waiting areas provides more opportunities 
for social contact. Designing patient room 
with carpets instead of hard surface flooring
contributes to expand the length of stay for 
families and friends. Decentralized nursing 
stations provide opportunities for 
patient/staff interactions [11]. The 
relationship among staff (physicians, 
nurses) is also affected by design; gardens 
and lounges encourage positive interactions
which can promote greater job satisfaction. 

Architecture design of a space can also aid 
to decrease patient falls; for instance 
widening bathroom doors gives the 
opportunity to accommodate a staff person 
ambulating with the patient.

3.1.2. Views of nature and nature images 
Nature images have a remarkable impact on
satisfaction of patients in healing 
environments. In an experimental study to 
test the effects of specific nature images, on
participants experiencing pain, Vincent et al 
founded that participants with no image
experienced greater pain levels in the 
affective pain ratings than participants who 
viewed image categories for refuge, hazard, 
and mixed prospect and refuge [12]. The
mixed prospect and refuge image category 
resulted in significantly less perceived 
sensory pain sensation, while the hazard 
image received the highest mood
disturbance scores of all groups, despite its 
highly effectiveness in distracting 
participants from pain. 

3.1.3. Indoor plants and landscaping 
The viewing of plants has been considered 
an effective positive distraction, which may
increase positive feelings, block or reduce 
worrisome thoughts, and promote
restoration from stress. Researchers who 
have assessed the impact of plants on 
human health have suggested that nature 
and plant experiences are positively
associated with human physical, 
psychological, emotional, and cognitive
health. In addition, viewing plants is linked 
to pain reduction, less need for analgesics, 
and fast recovery from surgery [1]. 
Interior hospital spaces can be made
healthier and more comfortable with the 
presence of living plants. Previous research 
has indicated that indoor plants reduce sick-
building syndrome by removing pollutants, 
increase relative humidity up to human
comfort level, and improve indoor air 
quality by reducing the quantity of mold
spores and airborne microorganisms. Park 
et al suggested that plant selection should 
be based on space consideration, sunlight 
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accessibility, requirements of temperature
and humidity, low maintenance, and visual 
appeal with various colors, sizes, patterns, 
and shapes [1]. 

3.1.4. Wayfinding and orientation of the 
space

Wayfinding problems in hospitals are costly 
and stressful and have particular impacts on 
outpatients and visitors, who are often 
unfamiliar with the hospital and are
otherwise stressed and disoriented. 
Informational handouts, information desks, 
you-are here maps, directories and signages 
along the way are critical wayfinding aids. 
Previous studies found that people who 
used signs found their destination faster 
than those who only used maps [9]. 
Much of the cost of the wayfinding system
in a study conducted at a major regional 
hospital in the US was the hidden costs of 
direction giving by people other than 
information staff, which occupied more
than 4,500 staff hours, the equivalent of 
more than two full-time positions [13].
Directional signs should be placed at or
before every major intersection, at major
destinations, and where a single 
environmental cue or a series of such cues
(e.g. change in flooring material) convey 
the message that the individual is moving 
from one area into another.

3.1.5. Pleasant color scheme 
Color is definitely a perceptive 
characteristic of primary importance when 
it involves in designing an environment’s
visual appearance. There are multiple ways 
that color can be introduced within an 
environment: from the color of the 
architectural surfaces (walls, floors, 
ceilings) to the color of elements of 
furniture, from fabrics to linens, through the 
use of colored lighting. 
Choosing chromatic solutions for the 
healing environments depends on different
variables starting from patient’s age, 
moving through patient’s pathology, and 
type of activity that is performed in the 

environment, ending with the user whether 
he/she is family or staff.
On the one hand, it is necessary to create a 
varied color panorama within confined
environments in order to reach conditions
of wellbeing. It is also important to use
chromatic solutions that support an 
emotional state that is coherent with the
type of activity that is performed there [14]. 
Further, colors can influence the perception
of time; in rooms where monotonous
activities are performed, the use of a 
chromatic palette having cold shades gives 
the impression that time passes more
quickly. Color can also be effectively used 
to assist people with orientation and 
wayfinding. There are many possible uses 
of this visual attribute in such context. 
On the other hand, the color of the patient’s 
skin tone is an important chromatic piece of 
information. It is therefore necessary to 
guarantee proper vision for diagnostic 
purposes. Yellow, green and purple distort 
skin tone. These colors must therefore be
avoided in those environments where it is 
important for the staff to be able to dearly
see the patient’s skin (for example the 
nursing station and the patient’s room).
Blue must also be avoided in cardiology 
wards because it makes diagnosis difficult 
[14].

3.1.6. Presence of coordinated art objects 
Although the exact amount of time patients 
and families wait in hospitals and clinics
varies, there is general agreement that the 
waiting periods are perceived as long, 
uneventful, and stressful. However; the 
adverse effects of waiting can be soothed 
more effectively by improving the 
attractiveness of the waiting environment
than by shortening the objective waiting 
time [8].
The assumption that all types of paintings 
and other visual art are positive distractions
for patients is not commonly accepted.
Ulrich et al found that art work should be 
chosen carefully as interviews with patients
indicated strongly negative reactions to 
artworks that were ambiguous, surreal, or 
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could be interpreted in multiple ways [9].
The same patients, however, reported 
having positive feelings and associations 
with respect to nature paintings and prints.

3.1.7. Furniture layout
Furniture and equipment in the patients’
residential environments often support their 
comfort and function, while in a hospital 
environment it could be a source of danger 
because of the patient's unfamiliarity with
them. Therefore, concerns have to be 
brought to furniture layout as it has been 
identified to be the primary cause of patient
falls in the healthcare settings [15].
Furniture arrangements have also shown a 
significant effect on social interactions at 
waiting areas, rooms, and lounges in health 
care settings [11]. 
Furthermore, ergonomic characteristics of 
furniture and equipment can cause long-
term muscular or nerve injury due to poor 
bodily positioning or muscle use [10]. As a
way to support patients’ functions, 
designing furniture should be based on 
achieving ease in handling, flexibility, and 
modularity, in addition to safety, hygiene,
and lack of toxicity [14].

3.1.8. Video and VR environments 
Video and VR methods expose persons to 
interesting and distracting environments.
Several studies examined the effects of 
video and VR methods in controlling pain, 
pulse rate, and anxiety, showing significant 
evidence in decreasing pain intensity, pain
unpleasantness, and time spent thinking 
about pain [16]. VR presentations should be 
personalized to patient characteristics such 
as age, gender, and ethnicity. 

3.2. Environmental factors
There has recently been heightened
recognition that environmental factors can 
influence health, which in turn affect the 
satisfaction of patients [16]. Air quality and
freshness, availability of daylight, thermal
comfort and acoustical quality are the 
important factors of IEQ in healing 
environments, which affect occupant 

satisfaction. Below are short explanations
of the four elements.

3.2.1. Air quality and freshness 
There  is  increasing  concern  within  the 
scientific  community  about  the  effects  of
the  indoor  air  quality  (IAQ)  on  health. 
There  is  also a  growing  public 
awareness  of  the  risks  associated  with 
poor  indoor  air  quality  in  the  different 
environments.  The  accumulation  of 
chemical  pollutants,  such  as  volatile
organic compound (VOCs),  poses  a 
significant  hazard [17].  A  century  ago, 
the  off gassing  of  pollutants  from 
synthetic  building  materials  was  not  a 
problem.  Rather,  the  overriding  concern 
was  to  prevent  the  spread  of  infectious 
diseases. The  LEED  (Leadership  In 
Energy  And  Environmental  Design) 
certification  program  for  sustainable  new 
and  renovated  buildings  has  been 
criticized  on  these  grounds.  The  recent 
report  The  Green  Building  Debate: 
LEED  Certification:  Where  Energy 
Efficiency  Collides  With  Human  Health 
notes  that  many  of  the  building 
materials  in  use  today  contain  chemicals 
considered  to  be  hazardous  by  the 
World  Health  Organization (WHO). WHO 
mentioned that poor air quality increases
the risk of nosocomial infection [18]. 

3.2.2. Availability of daylight 
The quality and quantity of daylight 
exposure and artificial lighting is associated 
with several patient and staff outcomes in 
healthcare settings. Access to daylight is 
important for both staff and patients. For 
patients, it has been found to improve
health outcomes such as depression, 
agitation, sleep, circadian rhythms, as well 
as reducing intake of pain medication and 
for certain types of patients, it also may
reduce length of stay. For staff, access to 
daylight contributes to higher satisfaction 
due to its impacts on visual performance
and psychological state of a person by 
regulating the circadian rhythm [10], [19]. 
Therefore, site planning and the orientation 
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of healthcare facilities should be carefully 
considered to ensure sufficient daylight and
avoid situations where some buildings 
block light for others. 

3.2.3. Thermal comfort 
Thermal comfort in hospitals is one of the 
most important factors in the designing 
phase for architects and engineers. A 
hospital is a 24 hour and 7 day operation 
space with a strict indoor air requirement.
Creating a thermal comfortable 
environment can be helpful in stabilizing 
moods of patients and can also assist in the
healing process. In addition, the 
comfortable environment can reduce the 
length of patient stay in hospitals.  A 
thermal comfortable environment has a 
great influence on the satisfaction of indoor
building occupants [20]. 
Thermal comfort can be defined as “the 
condition of mind which expresses 
satisfaction with the thermal environment”
(ASHRAE Handbook 2005). The predicted 
mean vote (PMV) is a seven point thermal
sensation scale for assessing thermal
comfort in a special zone. There are six
variables which affect the PMV. They can 
be divided in two main parts: personal 
factors (clothing value and activity value) 
and environmental factors (air temperature,
mean radiant temperature, air velocity and 
relative humidity). PMV value according to 
the ASHRAE thermal sensation scale
ranges from -3 to +3 as follows 3: hot, 2: 
warm, 1: slightly warm, 0: neutral, -1: 
slightly cool, -2: cool, -3: cold. For 
estimating thermal comfort satisfaction of
people, predicted percentage dissatisfied 
(PPD) is used. It is considered if 80% of 
occupants are satisfied it would be good; 
that is, PPD less than 20% is acceptable
[20]. Comfort range is between 25C and 
27.7C and the acceptable range would be 
23.8C to 29C. 

3.2.4. Acoustic quality 
Hospitals are noisy places with numerous
sources of noise, and historically they have 
been designed with sound-reflecting 

surfaces that worsen acoustic conditions
and enable noises to echo and propagate 
over large areas. Healthcare providers
perceive higher noise levels as stressful and 
sufficiently high to interfere with their work 
[21].
Certain environmental interventions have 
been found effective for reducing noise in 
hospital settings, including installing high 
performance sound-absorbing ceiling tiles, 
eliminating or reducing noise sources (e.g., 
adopting a noiseless paging system), and 
providing single-bed rather than multi-bed 
rooms [19]. 

4. Assiut university pediatric hospital as
a case study

Significant correlations between the 
enhancement of several spatial factors and 
the occupant satisfaction had been indicated 
in two clinic waiting areas in Weill Cornell 
Medical Center, New York city [8]. At the 
same city, Becker et al also pointed out 
positive correlations between more
attractive environments and occupant 
satisfaction in Presbyterian Hospital [22].
With the regard to environmental factors,
Kotzer et al found out that design and 
operational changes to light, noise, 
temperature, aesthetics, and amenities in
Children's Hospital Colorado, Anschutz
Medical Campus had a remarkable
influence on post-occupancy evaluation of 
the built environment [23]. 
The research adopted different approaches 
based on the previous field studies in order 
to enhance the facility of Assiut University 
pediatric hospital in Egypt. This hospital 
faces various significant challenges despite 
of being slightly new. The study focuses on 
the department of diagnostic imaging as 
being one of the crucial departments that 
create much apprehension, fear of the
unknown, and expectancy of pain and 
discomfort.
Based on the literature review in Section 3, 
the department has been redesigned to 
integrate the aforementioned factors in
order to achieve the patient satisfaction and
wellbeing.
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It’s usually tough getting kids to go 
willingly to hospitals; they always have 
fears and worries about such environments.
That’s exactly the perception that the new 
design for the diagnostic imaging
department tries to counteract.
The functional distribution of the 
department areas were designed according 
to the actual sequence of activities
performed within them as illustrated in
Figure 1. The intention was to create an 
optimal healing environment for children, 
that has a welcoming and friendly 
atmosphere with a home like surroundings.

Fig. 1.  The actual sequence of activities in the
department of diagnostic imaging.

 To avoid high spatial density, the waiting 
area is divided into two areas to promote
moderate social interaction. These areas are 
designed to be a livable space with the
presence of a playing area observed directly 
by the patient’s family to emphasize relax
mode for the child by reassuring him/her. In 
order to encourage children to serve 
themselves, shelving and furniture that 
contains toys designed to be opened and 
directly reveal their contents like what
shown in Figure 2. 
The centerpiece of the diagnostic imaging
area is the corridor that funnels patients to 
the respective area for diagnosis. Moving to 
this corridor is a sign to the child that the
operation will start shortly, that’s why a 
strategy of positive distraction was used to 
lead the patient’s thoughts far from the
contingent negative situation. 
Along the path, a colorful “natural scene” 
with environmental graphics is designed to 

accompany the child from the beginning of 
the corridor through abstracting leaves in a 
shape of small scattered circles that 
continue to grow along the path to create
the main scene in the middle of the corridor
which is surrounded by a short time waiting
chairs.

Fig. 2.  Shelving toys in the waiting area [14].

As the variation of colors is a fundamental
characteristic of the natural environment, a 
varied color panorama is created within the
corridor environment in order to reach 
conditions of satisfaction, whereas intense
colors were used in handrails and 
doorframes to create accents and conditions
of chromatic contrast which aids in the 
visual organization of the environment.
Regarding the orientation of the space, the
path is designed to be perceived by 
wayfindings and signs on the flooring. The
placement of images and figures with a 
strong orientation towards the directions 
guide kids to their destination without the 
need to ask as displayed in Figure 3. 
The medical equipments offered in the
diagnostic imaging department are the ultra 
sound, endoscopy, traditional x-rays, 
magnetic resonance (NMR), and 
computerized axial tomography (CAT 
scans).
The variety of the procedures performed
results in the use of large and highly 
sophisticated equipments which have a
strong emotional impact on patients, 
therefore techniques to “screen” this 
equipments are embedded in the design. 
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(a) Section A-A in the corridor.

(b) Section B-B in the corridor.

(c) Plan of the corridor.

Fig. 3. The architectural drawings of the centerpiece corridor in the diagnostic imaging department.

Following on that the interesting studies
conducted by Philips “Ambient
experience”, which is indicated in Figure 4 
to create environments that can be 
personalized by means of the control of
light, color, music, and images that can be 
projected in the procedure room.

(a) G. Salesi pediatric
hospital, Ancona,
Italy.

(b) Laughlin memorial
hospital, Greeneville,
Tennessee, USA. 

Fig. 4.  Screening the equipments to alleviate the
sensation of strong emotional impact [16].

The new department's interior finishes are 
proposed to be selected with the intent to 
minimize harmful impacts on the indoor
environment and to protect the health of 
patients. Radiation protection products are 
suggested to be used in doors, windows and 
walls. Furthermore, low VOC paints are
preferred to be used on the walls and in the
adhesives for flooring which contributes to 
raise the quality of indoor air. Slippery 
floors (Granite or Ceramic) also should be 
avoided; which can add significantly to 
patient falls [24]. The study suggests other 
flooring materials, such as synthetic rubber, 
polyethylene, and polypropylene to reduce 
immediate health impacts on patients and 
staff.
Figure 5 shows three dimensional simulated 
shots for the interior design of the main
corridor, which connects patients from the
public waiting area to the procedure rooms
in the department of diagnostic imaging.
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Fig. 5 (a) Shot 1

Fig. 5 (b) Shot 2

Fig. 5 (c) Shot 3

Fig. 5 (d) Shot 4
Fig. 5.  Simulated shots of the case study.

5. Conclusion
Health in the built environment especially
in hospitals is a complex issue that must be 
balanced with numerous others issues 
during the design and construction of a
building. Architects are well positioned to 
advance the quality of indoor environments
through their selection of building 
materials, finishes, furnishings, views and 
orientations, as well as through the design 
of the building systems. The study 
addresses both spatial and environmental
IEQ factors which affect the occupant 
satisfaction in healing environments. Both 
negative and positive influential factors of
wellbeing and satisfaction in indoor 
environments are summarized in Figure 6. 
The case study of Assiut university 
pediatric hospital serves as an example of 
how slightly interventions can make a 
potential difference in the quality of indoor 
environment, which in turn has a great 
influence on occupant satisfaction. 
The positive results of actual field studies 
conducted in similar environments act as 
indicators of success. However; the need to 
take onsite measures and occupant feedback 
should be taken into consideration in the 
future work. 
It is also hoped that this study will 
illuminate the topic of IEQ and provide a
point of departure for further investigation
and exploration within the field of IEQ in 
healing environments.
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Fig. 6.  Factors affecting occupant satisfaction in healing environments.
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Abstract: There are a large variety of structures that can be projected over the window. These projected
structures have been used in both traditional and modern buildings to provide needed shade and for other
functional or social reasons. Today, it can be noticed the use of such structures in most of the modern buildings,
but unfortunately, sometimes the design of such structures might not achieve their optimized function by
blocking the sun rays during the overheated period and permitting them during the underheated period. Many
studies have been done on building energy efficiency of such structures using computer simulations, while others
concentrated on the design of shading devices with their different configurations. However, this paper shows a
simple quick tool for architects represented by a design chart that determines the depth of a projected structure 
over an equator-facing window as a function of the latitude and the height of that structure, resulting in an
automatic seasonal adjustment. This design chart is simple, flexible, generic and can also facilitate the proposal
of enhanced projected structures.

Keywords: Design Chart, Shading, Solar Geometry, Projected Structures

Nomenclature
HSA    horizontal shadow angle ......................... o

VSA    vertical shadow angle ............................. o

LAT    latitude .................................................... o

h    shading height ....................................... m
d    projected structure depth ....................... m

1. Introduction
There are a large variety of projected 
structures over the window that might be 
dissimilar or similar in their appearance,
way of construction, used materials,
functions and meanings such as: overhangs,
porches, arcades and loggias (see Fig. 1, 
Fig. 2, Fig. 3 and Fig. 4). 
Projected structures have been used in both 
traditional and modern buildings to provide
needed shade and for other functional or 
social reasons. From an environmental
point of view, they are considered as
external shading devices which are more
effective than the internal ones because 
they dispose the convected and reradiated 
portion of the radiant energy striking them 
to the outdoor air [1]. Their optimized
function is to block the sun rays during the 
overheated period, i.e., summer and 
permitting them during the underheated 
period, i.e., winter. 

Today, it can be noticed the use of such 
structures in most of the modern buildings, 
but unfortunately, sometimes the design of 
such structures might not achieve their 
mentioned optimized function because the 
designers of those buildings are either 
concerned only with achieving the building
regulations without wasting any of the
internal space or not possessing a simpler
tool that could be used by architects without 
employing professionals. 

Casa Isolani, Bologna, Italy roof beyond a story immediately below
Fig. 1: Overhang is the projection of an upper story or 

, [2]
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Fig. 2: Porch is an exterior structure that shelters a
building entrance, extending along the outside of a building 

Hacienda, Venezuela 
Source: [3]

Fig. 3: Arcade is a line of counterthrusting arches raised on 
columns or piers. 

Town Square of Garrovillas, Western Spain 
Source: [3]

Fig. 4. Loggia is an arcaded or colonnaded porch or
gallery attached to or contained within a larger structure

Square of Chinchon, near Madrid, Spain
Source: [2]

1.1. Background and Previous Studies 
Many studies have been done on building 
energy efficiency of such structures using 

computer simulations , while others as [4]. 
concentrated on the design of shading 
devices with their different configurations. 
Some studies as [5] proposed simple tools 
represented in tables showing a range of 
factors for a number of latitudes that could 
be used to find the length of overhang 
projection required for shading a window 
opening. Others as [6] proposed similar
charts but for a single latitude, i.e., a 
specific city, that finds out the depth of a 
single overhang or the spacing between 
multiple louvers as a function of the 
shading height. The differences between 
such tools and the proposed design chart 
will be discussed later in the Discussion
and Conclusions section. 

1.2. Main Objectives and Hypothesis
The main objective of this paper is to
introduce a simple quick tool for architects
represented by a design chart that 
determines the depth of a projected 
structure over an equator-facing window as
a function of the latitude and the height of 
that structure, resulting in an automatic
seasonal adjustment, i.e., full shading in 
summer but allowing solar heat gain in 
winter. This design chart can also facilitate 
the proposal of an enhanced projected 
structure that could integrate both HSA as
well as VSA within its design.

2. Methodology
To carry out the aimed deign chart, a 
number of measuring techniques were used 
associated with some hypothetical 
parameters as follows. 

2.1. Used Measuring Techniques 
Shading design for the exclusion of solar 
input is a geometrical task, so, the depth of 
the projected structure could be determined
when the other parameters are given 
represented in the height of the shaded part 
and the vertical shadow angle (VSA). 
According to [7], a window facing the 
equator (due south in the northern 
hemisphere and due north in the southern
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hemisphere) is the easiest to handle, it can 
give an automatic seasonal adjustment: full 
shading in summer but allowing solar heat 
gain in winter. For complete summer 6 
months sun exclusion (for an equinox cut-
off) the VSA will have to be VSA = 90° - 
LAT; e.g. for LAT = 30° it will be VSA = 
90° - 30° = 60°. Therefore, the ratio 
between the depth of the projected structure 
(d) and the height of the shaded part (h) 
could be calculated (d/h), i.e., the depth of 
the projected structure (d) could be 
determined as a function of the latitude 
(LAT) and the shading height (h).

2.2. Simplifications and Assumptions of 
the Design Chart: 

Some experimentation parameters, 
simplifications and assumptions were 
considered in the design chart concerning 
its applicability, orientation of façade, way 
of handling as a shading device, effect of 
the thickness of the different cross sections 
and the specifications of the used base 
cases. 
Applicability of the design chart: the design 
chart is suitable for locations found at lower 
latitudes with temperate, hot-dry or warm-
humid climates where shading is a need. 
And it is not suitable for locations found at 
higher latitudes with cold climates where 
the main problem is the lack of heat. So the 
range of considered latitudes in the design 
chart from 0° (equator) to 60° N and S, i.e. 
low and middle latitudes. 
Orientation: the window wall is facing the 
equator (due south in the northern 
hemisphere and due north in the southern 
hemisphere). 
Way of handling as a shading device: the 
projected structure is handled as a 
horizontal shading device that is 
characterized by a vertical shadow angle 
(VSA) and neglecting the effect of the 
horizontal shadow angle (HSA) assuming 
the uniform broadening of that projected 
structure along the façade. 
Effect of the thickness of the projected 
structure: the shaded part increases as a 
function of that thickness, so to avoid that 

effect, the shading height (h) is measured 
vertically from the underside of the 
projected structure till the window sill or 
the ground (as in case of curtain walls). 
Effect of the thickness of the external wall:
the penetration of direct sunlight inside the 
space decreases as a function of that 
thickness, so to avoid that effect, the 
shading height (h) is measured on the 
external surface of the wall which implies 
the shading of the window sill itself, i.e., 
the thickness of the wall is negligible. 
Specifications of the used base case: 

- Internal height  = 3.00 m 
- Lintel height  = 2.10 m 
- Sill height  = 0.90 m 
- Wall thickness  = 0.25 m 
- Slab thickness  = 0.15 m 

3. Results
A variety of different configurations of 
projected structures are introduced (see Fig. 
5, Fig. 6, Fig. 7, Fig. 8, Fig. 9 and Fig. 10). 
The depths of these projected structures (d) 
resulting from different assumed shading 
heights (h) are identified for different 
latitudes (LAT). The base case is the case 
with no projected structure, permitting 
direct sunlight to hit the vertical window 
wall and allowing a certain amount of the 
sun rays to penetrate into the interior of the 
space and this amount of penetration is 
dependent on (VSA). The position of the 
projected structure varies from the lintel 
level till the roof level while the shading 
height (h) is either measured down to the 
sill level (base case 1) or to the ground level 
(base case 2). 
To design the aimed chart, a formula to find 
(d/h) is going to be derived and then 
verified mathematically by comparing the 
values from the formula with the measured 
ones for the different proposed 
configurations.
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Fig. 5. Different configurations of projected structures with 
different shading heights (h) for Latitude 10o

Fig. 6. Different configurations of projected structures with 
different shading heights (h) for Latitude 20o
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Fig. 7. Different configurations of projected structures with 
different shading heights (h) for Latitude 30o

Fig. 8. Different configurations of projected structures with 
different shading heights (h) for Latitude 40o
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Fig. 9. Different configurations of projected structures with 
different shading heights (h) for Latitude 50o

Fig. 10. Different configurations of projected structures 
with different shading heights (h) for Latitude 60o
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3.1. Derivation of the formula used in 
finding (d/h) 

Derivation of the ratio between the depth of 
the projected structure (d) and the shading 
height (h) as a function of the latitude 
(LAT).

For an equinox cut-off: 

By substitution from Eq. (1) in Eq. (2): 

3.2. Verification of the formula used in 
finding (d/h) 

Table 1 shows the mathematical 
verification of the formula used in finding 
(d/h) by comparing the values of tan (LAT) 
with those of the ratio (d/h), where (h) is 
the assumed shading height and (d) is the 
corresponding measured depth for the 
different proposed cases with different 
configurations. These values are found to 
be equal and completely match which in 
turn verifies that: 

Table 1: Mathematical verification of the formula used in 
finding (d/h) 

# LAT h d d/h tan
(LAT)

Case 1

10

1.20 0.21

0.176 0.176
Case 2 1.65 0.29
Case 3 2.10 0.37
Case 4 2.10 0.37
Case 5 2.55 0.45
Case 6 3.00 0.53
Case 7

20

1.20 0.44

0.364 0.364
Case 8 1.65 0.60
Case 9 2.10 0.76
Case 10 2.10 0.76
Case 11 2.55 0.93
Case 12 3.00 1.09
Case 13

30

1.20 0.69

0.577 0.577

Case 14 1.65 0.95
Case 15 2.10 1.21
Case 16 2.10 1.21
Case 17 2.55 1.47
Case 18 3.00 1.73
Case 19

40

1.20 1.01

0.839 0.839

Case 20 1.65 1.38
Case 21 2.10 1.76
Case 22 2.10 1.76
Case 23 2.55 2.14
Case 24 3.00 2.52
Case 25

50

1.20 1.43

1.192 1.192

Case 26 1.65 1.97
Case 27 2.10 2.50
Case 28 2.10 2.50
Case 29 2.55 3.04
Case 30 3.00 3.58
Case 31

60

1.20 2.08

1.732 1.732
Case 32 1.65 2.86
Case 33 2.10 3.64
Case 34 2.10 3.64
Case 35 2.55 4.42
Case 36 3.00 5.20
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3.3. The design chart to determine the 
depth of a projected structure (d) 

The design chart shown in Fig. 11 
determines the depth of a projected 

structure as a function of the latitude (LAT) 
and the shading height (h). This chart is 
drawn using the formula: 

Fig. 11. The design chart determines the depth of a projected structure as a function of the latitude and the shading height 

3.3.1. Description of the design chart 
The design chart consists of two axes; the 
horizontal axis represents the range of 
latitudes from 0° (Equator) to 60° N and S 
that signifies the location of the city, while 
the vertical axis represents the ratio (d/h) 
between the required depth (d) of the 
projected structure and the shading height 
(h). 
Example: using the design chart, it is 
required to find the depth of the arcade at 
the southern façade of a building in the city 

of Cairo, Egypt (LAT = 30°) given that the 
height needed to be shaded is equal to 3.00 
m. 
Solution: Draw a vertical construction line 
from the marked latitude (of the given city) 
on the horizontal axis till it intersects the 
chart. Draw a horizontal construction line 
from this intersection till the ratio (d/h) is 
found on the vertical axis. To get the exact 
depth of the arcade, multiply the obtained 
ratio (d/h) = 0.58 by the needed shading 
height = 3.00 m; 
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Table 2 shows examples for using the 
design chart (refer to Fig. 11) to find the 
depth (d) of the projected structure 
corresponding to a shading height (h) of 
3.00 meters for different cities all over the 
world [8], i.e., different latitudes (LAT). 

Table 2. Examples for using the design chart to find the 
depth of a projected structure 

City Name LAT d/h d 
1. Monrovia, Liberia 6° N 11 % 0.33 m 2. Jakarta, Indonesia 6° S 
3. San‘a’, Yemen 15° N 27 % 0.81 m 4. Lusaka, Zambia 15° S 
5. Abu Dhabi, UAE 24° N 45 % 1.35 m 6. Gaborone, Botswana 24° S 
7. Nicosia, Cyprus 35° N 70 % 2.10 m 8. Canberra, Australia 35° S 
9. Istanbul, Turkey 41° N 87 % 2.61 m 10. Wellington, New Zealand 41° S 

3.3.2. Notes on the design chart 
The position of the shading height in 
relation to the façade doesn’t not affect the 
depth of the projected structure because 
shading design is a pure geometrical task. 
If the projected structure has a beam at its 
external end, the shading height would be 
measured vertically from the underside of 
that beam. 
It is usually better to consider that the 
required shading height (h) is measured 
vertically from the underside of the 
projected structure till the ground, i.e., 
considering that the window sill = 0.00 m to 
ensure the decrease of the load impact even 
on the opaque surfaces (walls) during 
summer and in turn they are going to gain a 
considerable amount of solar irradiance 
during winter. 
According to [5], fixed overhangs is better 
to be designed so there is a separation 
between the top of the window and the 
underside of the projected surface. 
Since the problem of shading is blocking 
the sun at certain angles, many small 

devices can have the same effect as a few 
large ones, as shown in Fig. 12. However, a 
single large overhang is usually preferred 
for the best view. In the case of using a 
number (n) of louvers, the depth of each 
louver is equal to the obtained depth (d) 
from the design chart divided by their 
number (n), considering that their thickness 
is negligible. 

Fig. 12. Many small elements can create the same shading 
effect as one large device. 

Source: [9] 

3.4. A proposal for an enhanced 
projected structure using the design 
chart

The design chart could enable the idea of 
proposing an enhanced projected structure 
(as shown in Fig. 13). This could be done 
by taking the same planar shape of the 
shading mask for a certain latitude, such 
that the inner edge of that shape is the solar 
path for the month of June and the outer 
edge is the solar path for the equinoxes, i.e., 
March and September. Then, scaling that 
shape such that its maximum depth would 
be equivalent to the determined depth (d) 
using the design chart. And consequently 
the configuration of the southern wall 
would have the same curvature of the inner 
edge of the projected structure. That would 
result in a planar projected structure that is 
characterized by a vertical shadow angle 
(VSA) and fine-tuned by a horizontal 
shadow angle (HSA). 
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Fig. 13. The proposed enhanced projected structure using 
the design chart 

Likewise, a three-dimensional projected 
structure could be developed by possessing 
the inverse form of the solar path using the 
calculated depth (d) obtained from the 
design chart. That would result in a shell-
like form where the projected structure that 
causes shading is integrated with the rest of 
the building parts within a whole 
configuration or mass (see Fig. 14). 

Fig. 14. Schematic drawing for the proposed three-
dimensional projected structure 

That form is similar to sand dunes or caves
that were inhabited as primitive dwellings 
(see Fig. 15). 

Fig. 15. Anasazi Indians commonly built into cliff openings 
facing south, allowing winter sun to enter ,but not in summer. 

Source: [10] 

4. Discussion and Conclusions 
This design chart can be used as a rule of 
thumb to find the depth of the projected 
structure as a function of the latitude and the 
shading height, i.e., a quick tool for basic 
design decisions. That obtained depth would 
cause shading during the six months of 
summer and permits solar heating during the 
six months of winter. 
The proposed design chart is more generic 
than other similar methods or techniques 
because it is applicable for the different 
configurations of the projected structures, as 
well as the flexibility of varying the position 
of the projected structure in relation to the 
window opening. The fact that it is a chart, 
makes it applicable for any location (city) 
within the low or middle latitudes, where 
shading is a need during the overheated 
period, i.e., summer. The simple approach 
followed in designing this chart, enabled the 
proposal of an enhanced projected structure 
that acquires its shape from the needed 
shading patterns, which in turn could alter 
the configuration of the conventional 
vertical façade facing the equator. 
This study should be complemented by 
other more detailed means as it is not based 
on complete bioclimatic diagnosis that 
would have involved much more knowledge 
and analysis of the exact hours needed to be 
shaded throughout the whole year and 
integrating that with the human comfort 
needs and energy efficiency. Anyways, this 
design chart could be developed in future 
researches by studying and including such 
aspects that could assure better indoor 
environmental quality. 
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Abstract: 

, recognizing its absolutely unquestionable historical, archaeological and urbanistic importance, on the 
recommendation of the International Council for Monuments and Sites (ICOMOS). Historical Cairo proved over 
time to be one of the distinctive cities that contains a group of spatial relations, environmental and climatic 
solutions, which made its urban fabric and architectural compositions able to interact efficiently with climate and 
local environment. The aim of this paper is to evaluate the day lighting design strategies that made 

a distinctive sustainable environmental city, one day lighting strategy evaluated simultaneously in terms 
of indoor environmental quality; to reach the design criteria used by architects at that era. The performance of a 
historical building evaluated using computer simulation. This research process led to deriving a mathematical 
relation that link permitted day lighting with its accompanied thermal impact. The research findings led also to 
performative design guidelines, introducing a contemporary interpretation for using historical elements. 
 
Keywords: Historical Building, Day Lighting, Energy Efficiency, Islamic Cairo. 

1. Introduction 
It appeared lately in the construction of 
modern buildings, the excessive use of 
advanced technologies to achieve 
acceptable indoor environmental quality, 
neglecting the nature of the surrounding 
climate, and the economic situation, 
resulting in a high consumption in electrical 
energy. [1] 
 
The electrical energy consumed in 
residential buildings reached 45% of the 
total energy consumed in the domestic 
sector. One significant means of saving 
energy is the reliance on Day Lighting in 
residential buildings as a major source of 
lighting, especially in the countries that 
have clear skies, so the artificial lighting is 
used to integrate with the Day Lighting 
when needed to achieve required light 
intensity. [2], [3] 
 
Historical Cairo proved to be one of the 
distinctive cities that contain a group of 
environmental and climatic solutions, 
which made its urban fabric and 
architectural compositions able to interact 

efficiently with climate and local 
environment. This leads us to an important 
question: did the architect at this time made 
use of the day lighting in spaces without 
conflicting with the thermal performance? 
 
The case study in this paper is an attempt to 
understand the effect of day light on the 
performance of thermal comfort taking into 
consideration previous experiments on 
Historical Cairo while introducing the use 
of digital technology in Simulation software 
through an analytical study of a historical 
building. 
 
2. Preliminaries  
2.1 Brief history of the house 
The house of Zaynab Khatun is located 
Middle little south of Al-Azhar Mosque, the 
house is located near the two house: Set 
Wasila, and Abdul Rahman Hrawi, as 
shown in fig. 2, and located in an alley 
kind, off Atfet Azhari 
 And the first two phases of the house were 
built in the fifteenth century AD 1468 AD 
in the Mamluki period and then the second 
stage in the eighteenth century. [4] 
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Fig. 2.0. Location of Zaynab Khatun House [4]. 

 
2.2 Environmental Design Criteria  
Day lighting is a basic element in achieving 
energy efficiency, on the other hand 
confirmed scientific studies and research on 
the importance of natural light in the lives 
of human biological and physiological 
impact both in terms of the sense of 
emptiness and external view. [5] 
 
 
Table 2. Lighting intensity of level 
recommended (lux) [2] 

Space Minimum 
(lux) 

Maximum 
(lux) 

Living room 100 500 
 
2.3. Architecture of Zaynab Khatun. 
The house consists of ground floor, first 
floor, second floor and roof. The second 
floor contains the main hall (case study) as 
shown in the figures from 2.2, which 
consist of (Darqah and Ewan), and fig. 2.3. 
shows section in the main hall, illustrating 
its levels. Fig. 2.4 shows the external 
elevation which has a small opening, as 
most of the openings of the house are from 
inside the court. [4]  
 

 
Fig. 2.2. First floor Plan of Zaynab Khatun 

house[6]. 

 

  
Fig. 2.3. Section in the main hall [7] 
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Fig. 2.4. Main Entrance at the South Elevation. 

[7] 
 

 
Fig. 2.5. North Elevation of the Internal 

Courtyard. 
 

 
Fig. 2.6. South Elevation of the Internal 

Courtyard. 

 

 
Fig. 2.7. West Elevation of the Internal 

Courtyard. 
 

2.3.1 Courtyard:

It is an open area surrounded by walls or 
buildings as shown in figures from 2.5 to 
2.8. As it is used in regions which have high 
diurnal temperature, it radiates at night all 
the energy that stored during the day inside 
its walls and ground back to the air, at the 
same time it stores cool air in order to use it 
for cooling the backyard next day. [4], [5] 
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Fig. 2.8. Zaynab Khatun Courtyard. [6] 

 

 

2.3.2 The main Hall: 

 
Fig. 2.9. Zaynab Khatun - Main hall. 

 
 
 
 
 
 

The Hall in Zaynab Khatun building 
consists of two main elements the Ewan 
and Al Durqah as shown in fig. 2.9. 

Al Ewan is a space that is surrounded by 3 
sides toward Al Duraha. 

a) The ground is made of stone and covered 
with carpets 

b) The walls are covered in most of the 
halls with wood or marble and colored 
Mosaics from 2 to 3 m high. 

c) The ceiling of the Ewan is covered 
horizontally by dark brown cantilevers, 
called "Kredi" which is embellished with 
colored and golden decorations. [8] 

Above the Durqah there is an open-sided 
skylight; "Shokhshekha", with wooden 
windows, as shown in fig. 2.10. Al Ewan 
and Al Durqah are different in their ceiling 
levels (The Durqah ceiling is lower), and 
they are also different in their ground levels 
(The Durqah ground is lower) [8], which 
affects the day-light distribution. Also the 
finishing materials that were used on the 
ceiling of the hall did influence the 
luminance level, according to reflective 
features of all of these finishes. [8] [5] 
 

 
Fig. 2.10. Main Hall's Shokhshekha . 
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2.3.3 Al-Mashrabeya. 

 
Fig. 2.11. Main Hall Mashrabeya  External 

view 
 
Al-Mashrabeya is a parapet made of wood, 
it consists of small units, as shown in fig. 
2.11 and fig. 2.12, it is used in covering the 
windows and the balconies in the Islamic 
architecture, at the same time it is an artistic 
architectural element. It is a decorative 
piece of art that needs a lot of skills and 
accuracy in cutting the wood, on the other 
side; it is an architectural element that 
allows air and light inside a place which 
offers continuous ventilation inside a house. 
Al-Mashrabeya was used in palaces and 
houses in Islamic architecture, and it is one 
of the chive architectural elements; as the 
longer it remains, the harder and more rigid 
the parquetry gets. [9] 
 

 
Fig. 2.12. Main Hall Mashrabeya  Internal 

View  

3. Methodology 
3.1. Choosing the Software Package 
In historical buildings, there has been no 
mechanical cooling or heating systems, and 
in order to evaluate the historical elements 
using modern environmental criteria, the 
project team had to assume cooling 
equipment, to be able to assess two 
variables, with a standardized unit (KW); 
First, the lighting load, and Second, the 
cooling load. 
 
The main objective of this paper is to study 
the impact of day-lighting strategies on the 
thermal performance of interior spaces, 
hence; the research team decided to 
perform the simulation using DIVA 2.0 
plugin for Rhinoceros 4.0 software 
package, based on the following criteria: 
 To be able to perform climate-based   day-
lighting simulation. 
 To calculate Lighting Energy (KW), that 
compensate for the lack of day-lighting, 
based on the climate based day-lighting 
simulation. 

 To have a reliable energy simulation 
engine. 
 

3.2. Simulation Procedures 
The simulation process was concerned with 
the Main hall of the house of Zaynab 
Khatun, while the rest of the zones were 
modeled as adiabatic zones that transfer 
heat to the main zone in an indirect way, 
See Figure 3.0. 
 

 

 

 

 

 

 
 

 
 

Fig . 3.0. Rhino3D model for the house of 
Zaynab Khatun 
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The research team did choose the 
Mashrabeya inside the main hall of the 
house of Zaynab Khatun, which is a west 
oriented Mashrabeya, having the most 
effect on both, day-lighting and thermal 
performance. Since that the energy 
modeling tool doesn't work with a 3D 
shading device, we had to simplify the 3D 
Mashrabeya, to a perforated screen, with 
double the percent of perforations, see Fig. 
3.1. 
 
 

 
 

 

 

 

 
Fig . 3.1. Main Hall's Mashrabeya 

 
Six simulation runs; for five screens with 
different perforation percentages, and one 
run without a screen, were developed, to 
predict the screen with the optimum 
perforation percent regarding both; lighting 
loads, and cooling loads, see table 3.0. 
 
Table 3.0. Simulation Screens  

Screen % Perforation 
No Screen 100.0% 
Screen 4 71.5% 
Screen 3 48.0% 
Screen 2 28.0% 
Screen 1 8.0% 
Opaque 0.0% 

 
4. Results and Findings  
The following figures (Fig. 4.1 to Fig. 4.6) 
shows the variation in daylight intensity, in 
terms of changing the percent of 
perforation, by applying screens (from no 
screen, to an opaque screen).  
 
 
 

 
 
 

 

 

 

 

 
Fig. 4.1. No Screen         Fig. 4.2. Screen 4 

 

 

 

 

 

 

 
 

Fig. 4.3. Screen 3            Fig. 4.4. Screen 2 
 

 

 

 

 

 

 
  

 Fig. 4.5. Screen 1      Fig. 4.6. Opaque Screen 
 
In an attempt to derive a mathematical 
relation between the perforation rate and 
the energy consumption, the following 
graphs were created, based on the DIVA 
Energy Plus analysis results. Fig. 4.7 and 
Fig. 4.8 show the relation between the 
perforation rate, and the electric power 
consumption: 
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Fig. 4.7. Electric Lighting power consumption 
 

 

 

 

 

 

 

 
 

Fig. 4.8. Cooling power consumption 
 
The optimum perforation Rate was 
predicted by summing up both, the electric 
lighting load, and the cooling load (Fig. 
4.9), the optimum percent of perforation 
was found to be at a range of 44% 
perforation, while the actual Mashrabeya, -
with 4% perforation is found to have more 
energy consumption. 
  

 

 

 

 

 

 

 

 
Fig. 4.9. Total of Lighting and Cooling Power 

Consumption 
 

5. Conclusion 
The percent of perforation in the main hall 
of the house of Zaynab Khatun, had proven 
not to be much effective on the electric 
power consumption, since that the hall's 

rectangularity is perpendicular to the 
direction of the Mashrabeya, therefore the 
Mashrabeya tends to affect only one third 
of the hall's total area. 
 
Using the Mashrabeya element is important 
in contemporary architecture, since that it 
accounts for the Egyptian cultural needs of 
privacy, and maintaining the architectural 
identity; but for achieving the optimum 
environmental performance out of a 
Mashrabeya, computational analysis must 
be performed using software simulation. 
 
A software simulation tool, like DIVA, that 
evaluates lighting and thermal loads 
integrative is insufficient for evaluating the 
indoor environment in Islamic Cairo 
buildings, since that the architectural 
elements did also integrate natural 
ventilation, throughout their aerodynamics, 
for achieving the noticeable indoor 
environmental quality. 
 
6. Further Recommendations 
Historically inspired designs/elements 
should not directly imitate historical 
elements; Analytic numerical studies 
should be performed for achieving the 
optimum performance out of these 
designs/elements. 
 
It's recommended to apply a corresponding 
methodology in new developments, while 
applying similar shading techniques. 
 
For modeling complex geometry of the 
historical elements, such as the 
Mashrabeya, it's recommended to use 
Grasshopper plugin with Rhino. 
 
For performative design optimization, it's 
recommended to use Diva plugin for 
Grasshopper. 
 
It' recommended to develop simplified 
Computational Fluid Dynamics (CFD) 
plugin, that works integratively with DIVA, 
under the Rhinoceros platform. 
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Abstract: Window configuration design and energy conservation is a goal in terms of providing the illuminant 
energy required for different activities undertaken through out the daytime, in a manner to be sufficient for the 
users through out the space, and sufficient enough in its internal distribution leading directly to minimizing the 
usage of energy and a sustainable environmental design. 
This research, aims at highlighting Light shelf geometry in terms of clearstory width, sill height, clearstory wall 
ratio, light shelf tilt, depth and the reflectivity of its upper surface under clear skies condition, in search for a 
clearstory configuration that satisfies the illuminant levels through out the room. 
Radiance soft ware was applied to reach optimum light shelf geometry configurations and extended using DIVA 
plug-in for Rhino software in tracing Daylight Autonomy throughout the year to evaluate the behavior of the 
light shelf configuration and weather it complies with the required illuminance levels 
 
Keywords:  Radiance, Diva, Light Shelf, Clearstory wall ratio, Daylight Autonomy. 

1. Introduction 
This is an on-going research phases on 
improving the quantity and quality of 
indoor natural illumination through window 
apertures, in a research relay that followed 
a research on finding the optimum 
simulated geometrical shading device to 
completely shade over window apertures 
through-out all the period of the year where 
the warmness of the sun is not required. El 
Zafarany et al [2] And finding out the 
internal illuminant levels obtained for 
different WA: WWA percentages, with and 
without an optimum shading device for the 
window. It was clear that the internal 
illuminant level in a normal central plane to 
window opening was quiet high through-
out the room without a shading device and 
naturally decreased with a shading devise. 
In hot dry zones of the world an optimum 
shading device was a must, in order to limit 
sunlight penetration through the window 
aperture.  

Integrating a shading device with the 
window under consideration led to a 
decreased and a focused centered illuminant 
levels through-out the room, especially 

while applying small window openings of 
10% WA: WWA to be suitable for hot dry 
climates and increased with medium 
openings of above 20%, leading to an 
increase in the thermal impact on the space. 
This can be seen in (Figure 1, Figure 2), 
with medium WA: WWA the illuminant 
environment was reasonably high through-
out the room in a central plane to the 
window and quite low with smaller WA: 
WWA, and turned sharply low at the side 
walls especially with minimum WA: WWA 
due to the side wall obstructions. 

Aiming at studying light shelf geometry 
and its direct effect on internal illuminance 
levels, Daylight simulations using Radiance 
software were performed under clear sky 
conditions for a single residential room 
possessing a southern clearstory opening, 
where several parameters of light shelves 
were examined and finalized integrating the 
best findings to reach optimum 
configuration.[3] Further simulative 

through out the year on the optimum light 
shelf configuration to measure and evaluate 
its validity.   
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2. Simulation Parameters 
2.1. Room parameters 
The room considered was of 14.70 m2 area 
[4.20 m. length x 3.50 m. width x 3.30 m. 
height], same room parameters that was 
studied in a on-going research and fits a lot 
of residential spaces, with the window wall 
on the shorter side oriented to a south 
orientation. The internal surface reflectivity 
applied was 85%, 50% and 20% for ceiling, 
walls and floor respectively.  

2.2. Light shelf parameters 
The reflectivity of the upper surface was 
80%, and as for the light shelf tilt it was 
found in a previous ongoing research that 
an angle of 18o from the horizontal 
upwards was a perfect composition in 
enhancing the internal illuminant 
environment. The timing was taken at 
midday when the sun is at its highest 

location in the zenith, summer season at 
latitude of 30o N. the window opening was 
completely blocked, in order to isolate the 
benefits in applying light shelf in different 
parameters in our design the light shelf 
clearstory opening height was kept constant 
at a height of 0.45 meters with a layer of 
ordinary glazing of 88% transparency. 

 
3. Simulation Parameters and 

Discussion 
The sequence of different light shelf 
parameters was organized within a matrix 
that comprises of light shelf width, depth 
and sill level. Each parameter was tackled 
and the suitable configuration that leads to 
enhancing the internal illuminate 
environment was chosen and integrated 
with the following parameter.  
3.1. Light shelf width parameter  
The geometrical configuration for the light 
shelves was positioned centrally to the 
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Figure 1.  Illuminant levels through-out the room in a central normal plane to the 
window, the greater the WA: WWA the greater the level of illumination 
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Figure 2.  Illuminant levels through out the room next to the side walls  
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window wall and carried out in terms of its 
width that ranged from 1.00 m. to the whole 
room width that provided a clearstory to 
wall ratio from approximately 4.00 % to 
13.50 %. While the shelves depth it was a 
constant parameter at the moment of quite a 
large depth of 2.4 m that was reached 
previously in an on-going research applying 
the solar ray cone in order to obtain the 
optimum sun breaker, and sill level of 
clearstory window 2.20 m.   

The whole room was illuminated in both 
directions (Figure 3, Figure 4), from 12 to 
100 % of light shelf width to room width 
percentages [LSW: RW]. Percentages up to 
approximately 50% could be accountable 
for general levels of illumination, while 
LSW reaching to the whole width of the 
room, a 100% of LSW: RW, illumination 
levels was far higher starting at 
approximately at 600 lux central to the light 
shelf at window wall level finalizing with 
400 lux 4.00m inside the room right up to 

the back wall with a gradual increase to the 
inside of the room till it reached its 
illuminant hump just after 3.00 inside the 
room. The gradual increase would most 
properly be due to the gradual increase in 
the view factor formed between the ceiling 
and the light shelves reaching its utmost 
above the illuminant hump created inside.   
The illuminant levels next to the side walls 
were also reasonably average, around 100 
lux, from 12 up to 50% of LSW: RW that 
fits most general residential activities from 
window wall up to the back wall with a 
gradual internal increase. While with a 
100% LSW to room width, the illuminant 
levels were quite high reaching to a level of 
500 lux at the light shelf wall and up to 
above 300 lux at the back wall.  
It was found that light shelves possessing 
the whole room width that is a LSW: RW of 
100%, provide an even internal illuminant 
environment that satisfies and fits most of 
residential and general activities.    
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Figures 3.  Effect of LSW: RW  on the internal illuminance at desk 
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Figure 4.  Illuminant levels next to the side walls; through out the room the higher 
the LSW: RW, the greater the internal illuminant levels. 
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3.2. Light shelf depth parameter 
Integrating the optimum previously reached 
light shelf width possessing the whole room 
width, it was taken into the proceeding 
parameter, the light shelf depth, in which 
six different depths [2.40, 2.00, 1.60, 1.20, 
0.80 and 0.60 m] were tried followed by the 
seventh [1.10 m], all of which acquire the 
whole room width and a tilt of 180. It was 
observed from 2.40 going through 2.00 up 
to 1.60 m in depth (Figure 5), that there was 
a clear leaner ascend upwards, then 
dropping to an illuminant level very close 
to the starting level, this was due to the 
increase in view factor between the ceiling 
and the light shelf. The clear hump in the 
illuminant level created in the three 
different light shelf widths was due an 
increased presence of an external reflected 
component created between the light shelf 
and the facade itself above the light shelf 
that enhanced the external illuminant levels. 
This was very clear with the wider light 
shelves in receiving greater amounts of 
reflected sunlight off the facade above it. 

Light shelves depths from 1.20, 0.80 down 
to 0.60 m, the illuminant levels started to 
become even, smooth and almost uniform. 
The highest illuminant level swung between 
450 to approximately 400 lux in a central 
plane to the light shelf of which the highest 
illuminant level was achieved applying the 

1.20 m depth light shelf. 

Further development, in search for an 
optimum light shelf depth in relation with 
the clearstory opening chosen was found to 
be at the intersection between the ending of 
the light shelf tilt and the extension of the 
clearstory lintel level (Figure 6). This 
relationship with the window configuration 
produced a 1.10 m depth light shelf that 
was applied and the results were found to 
be a duplicate of the 1.20 m light shelf 
depth, (Figure 5), in its even and leaner 
illuminant levels.  

 
Figure 6.  A section through the room and light shelf 
showing the mathematical configuration reached in 
obtaining the light shelf depth, by extending a line in 
level with the base of the lintel to intersect with the 

light shelf.   

The 1.10 m depth light shelf provided an 
even and a steady illuminant environment 
of an average of 450 lux (Figure 7) through 
out the whole room that decreased by 10% 
next to the side walls. This even illuminant 
distribution levels qualifies for various 
activities both residential and general 
spaces, especially educational school class 
rooms. 
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Figure 5. Illuminant levels in a central plane to the light shelves through-out the 
room for the applied light shelf depths. 
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3.3. Light shelf sill level parameter  
The effect of the clearstory sill level 
parameter was studied through integrating 
the optimum light shelf parameters reached 
previously of 18o tilt, possessing 100% of 
the whole room width and a depth of 1.1m 
.Three sill levels were applied 2.20, 2.50 
and 2.80 meters leaving a lintel depth of 
0.65, 0.35 and 0.05 meters respectively 
from the ceiling, where all the sill levels 
were above the human perception of the 
external view. [4] 

Through-out the whole room up to 1.50 
meters deep inside, there was not a great 
difference between them all through-out the 
whole room, (Figure 8, Figure 9). This 
continued on for both 2.20 and 2.50 m sill 
levels right to the end of the room 

considered with an average of 450 lux 
through-out the whole room and decreased 
by 10% next to the side walls. As for the 
higher sill level and lower lintel depth the 
illumination level continued linearly rising 
till reaching its highest level at a depth of 
three meters inside the room, and then 
started to drop in a leaner fashion till 
reaching 650 lux at 4.00 meters inside the 
room, and when extrapolated it reached up 
to an illuminant level of 300 lux 5.50 
meters inside, (Figure 8, Figure 9), and 
decreased by 10% at the side walls. [1]  
The increase in internal illumination with 
lesser lintel depth was directly due to that 
the ceiling level was getting a lesser 
obstruction, a better perception and a wider 
view angle of the light shelf, (Figure 10). 
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Figure 7.  Illuminant levels through-out the whole room applying a light shelf of 
1.10 m depth, where the even illuminant distribution is obvious. 
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Figure 8. Illuminant levels in a central plane to the light shelf in accordance to 
different sill levels 
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Figure 10.  Three different sections through the 

clear story opening and light shelf for three different 
lintel depths: the lesser the lintel depth the lesser the 
obstruction between the ceiling and the light shelf. 

It was clear the even and leaner distribution 
of illumination through out the room 
starting with a level of 400 lux finalizing 
with also the same level at a depth of 4.50 
meters away and 300 lux at an extrapolation 
of the curve to 5.50 meters, directly 
resulting from a lesser lintel depth that 
leads to a better view configuration 
between the ceiling and the light shelf 
(Figure 11). 

 
Finalizing with an optimum light shelf 
configuration, it was taken a step further in 
order to measure and evaluate how far the 
suggested configuration of a light shelf is 
applicable through out the whole year with 
an occupancy period of 10 hours daily from 
(8 am to 6 pm). This led to a further 
analysis that took place using DIVA and 
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Figure 9.  Illuminant levels next to the side walls show same attitude: the higher the 
sill level the greater the internal illuminance and internal throw. 
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Figure 11. The optimum light shelf at sill level 2.8m shows even distribution for 
internal illuminance through out the whole room 
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applying DA (Daylight Autonomy) 
simulation approach in order to figure out 
and identify the availability of adequate 
illuminance levels of 300 lux, a level that 
was chosen that is required by both 
residential and especially educational 
activities. And it was found to provide an 
illuminate environment of 300 lux and 
above, 85% of the year (Figure 12). [5] 

 
Figure12.  DIVA output grid for the room 

considered showing 84.82% of the occupancy period 
for Daylight Autonomy (300 lux) with the optimum 

light shelf installed 

4. Conclusions  
This can be finalized and concluded that 
light shelves is a highly effective lighting 
system solution in enhancing and carrying 
deeply inside natural illumination in 
architectural spaces under clear sky 
conditions. This is a solution that is needed 
in order to conserve energy both in 
residential and general spaces for a number 
of different activities namely offices and 
educational class rooms. Through this 
research it was found that the best 
arrangement of a light shelf parameters is as 
follows.   

 The optimum Light shelf width is to 
take the whole room width in order  
to obtain an even internal illuminate 
distribution  

 A light shelf tilt of  an angle 18o 
from the horizontal  

 Light shelf depth can be found out 
by extending the lintel level 
outwards till it intersects with the 

light shelf and this is relevant to the 
clear story height  

 The higher the sill level the greater 
the perception and the view factor 
that is formed between the ceiling 
and the light shelf the higher the 
illuminant levels. 

This research opened a vast area of research 
regarding light shelf configuration for 
different orientations under clear sky 
conditions. 

5. Acknowledgments 
This research is financially supported by 
King Abdullah University of Science and 
Technology (KAUST) as part of the 
Integrated Desert Building Technologies 
Project IDBT. (Award no.UK-C0015). 

 
References  
[1] Beltran L.O., Lee E.S. Lee, 

Papamichael K.M. and Selkowitz S.E., 
(1994). "The Design and Evaluation of 
Three Advanced Day lighting Systems: 
Light Shelves, Light Pipes and 
Skylights", Presented Solar 94 Golden 
Prosperity, San Jose, California, June 
25-30, 1994.   

[2] El Zafarany A., Sherif A., El-Deeb K. 
and Aly M. (2011). "Improving 

Defining Optimum Shape Geometry of 
Sun-Breakers Window Shading", 
International conference on Sustainable 
design and construction ICSDC 2011, 
Kansas city, USA, March 23-25, 2011 . 

[3] Floyd, D., Parker, D., (1998). " Day 
lighting Measuring the Performance of 
Light Shelves and Occupant-Controlled 
Blinds on a Dimmed Lighting System", 
the 11th Symposium on Improving 
Building Systems in Hot and Humid 
Climates, Fort Worth, Texas, June 1-2, 
1998 

[4] Joarder, M.A.R, Ahmed, Z.N., Price, A. 
and Mourshed, M., (2009). " A 
Simulation Assessment of the Height of 
Light Shelves to Enhance Daylighting 

Page 403 / 522



Building Simulation Cairo 2013 - Towards Sustainable & Green Built Environment, Cairo, June 23rd - 24th 
Topic name: Indoor Environmental Quality 

 

 

Quality in Tropical Office Buildings 
Under Overcast Sky Conditions in 
Dhaka, Bangladesh".11th International 
IBPSA Conference, Glasgow, Scotland, 
July 27-30, 2009.   

[5] Reinhart, C.F., Wienold, J. (2010).  
 A 

Simulation-Based Design Analysis for 
Daylit Spaces". Building and 
Environment. August, 2010. 

 (1) 
 

Page 404 / 522



Topic name: Indoor Environmental Quality

 

Evaluation of Office Spaces Ventilation using Simulation software 
El-Dakahlia Governmental Headquarter as a Pilot Renovation

Mohamed M. ElDabosy1,*, Mahmoud M. AbdElrahman2

1 Teaching Assistant, Faculty of Engineering, Mansoura University, Mansoura, Egypt
2 Teaching Assistant, Faculty of Engineering, KafrElShiek University, KafrElShiek, Egypt

* Tel: +20 106 914 1822, E-mail: m.aldabosy@gmail.com

Abstract: El-Dakahlia Governmental Headquarter is the central office building serving 5.5 million citizens in
El-Dakahlia governorate in Egypt, and The public plaza around the building is the focus of Mansoura city
urbanism. Despite The building importance, it faces many problems on its indoor environment and has a poor
thermal performance. Natural ventilation is an effective method for enhancing indoor environmental quality in
hot-arid climates with zero energy consumption. So, the building requires redesigning the entire spaces and
façades according to the environmental aspects. This research evaluates different passive façade designs within a
new special architectural design, by using digital simulation tools - CFD software and Ecotect - to reach
affordable natural ventilation and hence thermal comfort. The evaluation method depends upon the perfect
natural ventilation occurred and perfect solar gain control. It was found that, a double layer west, east and south-
east façade, single one in north-west also creating indoor open space will achieve adequate natural ventilation
and comfort spaces. This research aims to produce a concept of pilot renovation stands up on simulation process
and green architecture standers to be generalized on other office and governmental buildings in Egypt.  

Keywords: Natural Ventilation, Office Buildings, Pilot project and Green Renovation.

1. Introduction
Enhancing indoor environmental quality in
the office buildings with energy efficient
ways may have a high priority for architects
and researchers. Health of Employees and
public and working performance levels is
badly affected by bad indoor environment
[1]. Office buildings in Egypt face
problems of high energy consumption for
mechanical cooling systems, besides a poor
indoor environmental quality in the
traditional constructions without HVAC
systems.
The existing buildings are important issue
in the environmental design because the
modifications and involving environmental
techniques are limited. If the old buildings
have been wrongly oriented, this would
make the problem more complicated. So,
old office buildings in Egypt are a good
case towards green renovation using
simulation strategies.    
In searching for a pilot project for green
renovation, governmental building is one of
the most suitable start point which needs to
be compatible with sustainable design
standards not only for its high energy

consumption [2], but also for some
important reasons such as;
 Closely linked to public.
 A lot of beneficiaries.
 Slackness in operation and maintenance.
 Usually, It's located in the cities centers

and represented an important part of "the
image of the city" 
 Its Affiliation to the government

stimulates to be a green policy applied on
other buildings.

2. Ventilated Office Spaces
Ventilation of buildings refers to the air
exchange of indoor air with outdoor air
depending on utilization requirements [1].
Buildings are ventilated for a wide variety
of reasons namely, improving thermal
comfort and indoor air quality through
provision of fresh air it is a vitally
important to individuals' perception of a
space, their health, well-being and
productivity [3]. 
To ensure good ventilation and indoor
environmental quality, Office buildings
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designers and engineers may depend on
mechanical ventilation and HVAC systems,
producing a high level of energy use and
high operational cost. The energy
production consumes a lot of natural
resources and emits gaseous pollutants
which increase global warming and affect
health environment. So, the energy cost in
office buildings is not the only influential
factor because energy consumption is
usually a tiny proportion of the total
business costs of an office building if rent
and salaries are considered, providing little
incentive for owners and users of buildings
to make reductions [4]. Nowadays, Natural
ventilation has become an increasingly
attractive method for reducing energy use
and costs. Also adapt with wide range of
climatic conditions and benefit to; remove
moisture, pollutants and gaseous emissions
from materials, provide oxygen for
breezing and health environment, act as a
carrier for cooling and humidity control.

2.1 Ventilation, Comfort and
Performance Ability

Natural ventilation is one of the most
operative factors in comfort sensation as the
air passing over the skin creates a
physiological cooling effect that creates
thermal comfort when the indoor air
temperature is above the normal comfort
zone; Table 1 show the air velocities effects
on temperature and comfort [5].
For office spaces, this air velocity creates
comfortable ventilation which is very
important especially in such hot-humid and
hot-arid climates, as relationships between
comfort, behavior and health can be
envisaged as; a high performance level at
work can be obtained when a high level of
well-being exists as well. This means that
comfortable indoor environmental level is a
decisive factor when it comes to upholding
productivity level [1]. If, for instance, a
company suffers from an unacceptable
indoor climate of work time, this leads to a
more or less noticeable decrease in
employee work performance levels, which
mean financial loss. 

Table 1., The effect on temperature and comfort
due to various air velocities

2.2 Minimum Ventilation Requirements
The air flow rate of specific space differs
according to its utilization, occupant
density and outdoors climatic conditions.
For office spaces, the occupant density is
ranged from 10:20 m2/person. In the case of
occupant density 10 m2/person, the required
air change per hour is about 5:10 ac/h for
day ventilation and 2:5 ac/h for night
ventilation [3]. 
The different functions in office buildings
need a similar air flow rate under different
occupant densities [6].
Under a specific climatic condition, The
ASHRAE standard rates of air flow in table
2 show the minimum air rate flow for
different spaces in the office building.For
occupancy of 20 m2/person, 2.5 L/s.person
and 0.3 L/s·m2 are the minimum standard.

10 0 Stagnant air slightly
uncomfortable

40 2 Barely noticeable but
comfortable

80 3.5 Noticeable and comfortable
160 5 Very noticeable but acceptable

in certain high activity areas if 
air is warm

200 6 Good air velocity for natural
ventilation in hot and dry

climates
400 7 Good air velocity for natural

ventilation in hot and humid 
climates

900 9 Considered a "gentle breeze"
when felt outdoors

a The values in this column are number of degrees
Fahrenheit that the temperature would have to drop
to create the same cooling as the given air velocity
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The increase in the air rate flow which
requires increase air speed also increase the
acceptable operative temperature Limits

o). ANSI/ASHRAE 55-2010 [7].

Table 3, The relation between air speed and
reduction of acceptable operative temperature
[7]

Air Speed
0.6 m/s

Air Speed
0.9 m/s

Air Speed
1.2 m/s

o 1.2°C 1.8°C 2.2°C

Under Egyptian conditions; The Egyptian
code of improving energy efficiency in
residential building [ECP 306-2005]
recommended the minimum standard rates
of outdoor air flow for living and bedrooms
spaces is 3 L/s· person [8].

Energy planning office [9] recommended
that the best air rate flow for office spaces
between 25-42 m3/h/person i.e. 2.5-4.2

m3/h/m2 In case of occupant density
10m2/person. Table 4 show office spaces
comfort zone recommendations [10].

Table 4, Office spaces comfort zone
recommendations [10] 
Type Temperature and air quality

Office
spaces 18-26 35-60 14 3

2.3 Design Guidelines
A widely concerning about comfortable and
energy efficient offices, an independent
green building rating systems are created
for "office buildings" and "Core and shell".
The first strategy to enhance building
performance is to enhance its passive
design; ASHRAE green guide [11] put
some steps for green building good
ventilation;
1. Provide natural ventilation in
combination with air conditioning, using
operable windows, cross-ventilation, and
the stack effect, Provide interlocking
controls to avoid simultaneous operation. 
2. Consider designing the building with no
mechanical cooling and provide windows
or other natural means such as evaporative
cooling, earth, or groundwater contact
without refrigeration.
3. Install operable windows; include
window frame switches to shut off
mechanical air conditioning to rooms with
open windows [11].
Architecture space can ensure such natural
ventilation through two principles. Firstly,
differences in wind velocities produce a
pressure differences which resulting of air
flowing from the higher pressure to lower
pressure region. Secondly, when air is
warmed causing convection with the warm
air rising and being replaced by cooler air
[12]. With different pressure, better
ventilation conditions occur when the

Table 2, The minimum air flow rate for different
spaces in the office building [6].

Office space 5 2.5 0.06 0.3 5
Reception

areas
5 2.5 0.06 0.3 30

Telephone/
data entry

5 2.5 0.06 0.3 60

Main entry
lobbies

5 2.5 0.06 0.3 10

Consider to following climatic conditions;
1. This table applies to no-smoking areas.
2. Air density; 0.075 lbda/ft3 (1.2 kgda/m3).
3. Barometric pressure; 1 atm (101.3 kPa).
4. Air temperature; 70°F (21°C).
* cubic feet per minute / Person
** Liter per second / Person
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outside airflow arrives obliquely at the
window if the outlet window is directly
opposite to the inlet, results from the
turbulent circling motion induced in the air
stream by the angle of the entering air [10].
Window size is important if the wind is at
oblique angle to window, the larger the
opening the greater the average air
velocities within the office. In case of cross
ventilation, an increase in window size does
increase average air movement [10]. 
Under the Egyptian conditions, Vents
proportion that promotes good ventilation
highly depends on space design and other
vents, but thermal comfort vents proportion
is an effective factor which can ranged as
follow; 40% of façade in Alex, 20% of
façade in Cairo, 10% of façade in Aswan
[13].

3. Methodology 
In order to enhance natural ventilation in
the existing office buildings, simulations
software strategy ware used to evaluate;
1. New special architectural design that
ensure the best natural ventilation
requirements. 
2. New façade design that ensure the best
natural ventilation requirements and also
minimum solar gain.
Simulation software examines airflow
through entire spaces in existing building
model and through new special design and
alternative designs of double layer façades.

3.1 Evaluation Criteria
The aim of the study is to create a well
ventilated office spaces within an existing
buildings constrains, So the evaluation
criteria depend on obtaining a good
ventilated office spaces without affecting
thermal behavior of building envelop, and
this would be achieved by the following;
Best natural ventilation which may be
obtained by calculating airflow rate and air
speed inside the building, should to be
above the minimum standard requirements.
Solar gain control which may be obtained
by creating a total shading façade which
face direct sun in the occupancy period.

3.2 Simulation software
The two conceptual types of simulation
software programs, energy simulation (ES)
and computational fluid dynamics (CFD)
have been used to provide important
information about building performance in
the building design. On one hand, ES
programs such as Energy Plus and Ecotect
provide energy analysis for a whole
building and the heating, ventilation and air
conditioning (HVAC) systems used and
calculate the total energy use. It's assumed
that the air in an indoor space is well
mixed, and cannot accurately predict
building energy consumption for buildings
with non-uniform air temperature
distributions in an indoor space, so it cannot
determine accurate airflow entering into the
building by natural ventilation, while room
air temperature and heating/cooling load
depend on the airflow within the space. On
the other hand, CFD is mainly depends on
airflow and make detailed predictions of
thermal comfort and indoor air quality, such
as the distributions of air velocity,
temperature, relative humidity and
contaminant concentrations. Table 5. Shows
the differences between ES and CFD
software [14].

Table 5. Comparison of ES and CFD [14]
Building performance study ES CFD
Weather and solar impact Yes No
Enclosed thermal behaviors Yes No
HVAC system capacity Yes No
Energy consumption Yes No
Thermal comfort
(air temperature, air velocity,
relative humidity and airflow
turbulence)

No Yes

Indoor air quality
(contaminant concentrations) No Yes

Air distribution No Yes

In this paper, simulation software needs to
examine air distribution, airflow and air
velocity as well as solar impact on facades.
So, the paper used two simulation programs
for the different two reasons, AutoDesk
simulation CFD version of 2013 [15] and

Building Simulation Cairo 2013 - Towards Sustainable & Green Built Environment, Cairo, June 23  - 24  rd th

Page 408 / 522



Topic name: Indoor Environmental Quality

 

Ecotect version of 2010. These programs
are selected for its architectural interface
deal with architecture data and acceptable
validation of physical simulation [14]. 

4. Case study
Office buildings in both private and public
sector need to healthy spaces and high
quality of its indoor environment. The
Egyptian public office buildings, in other
word the Egyptian governmental buildings
suffering from many problems on its indoor
environment and have poor thermal
performance. It consumes about 5977
KWH in the year (2010/2011) which
represents 4.6% of total electricity
consumption in Egypt according to the last
report of the Egyptian Electricity Holding
Company [2].

Fig.1. Energy consumption percentage for
different sectors in Egypt 2010/2011[2]

El-Dakahlia governorate is one of the
largest governorates in Egypt. It lies in Nile
delta in the north of Cairo. The central
governmental headquarter of El-Dakahlia
governorate lays in Mansoura city, the
capital of El-Dakahlia. The building also
lies in the focus of Mansoura city urbanism
on two main streets crosses. It has a good
opportunity to be a pilot project of a green
renovation. In the other side, it faces many
problems on its indoor environment and has
a poor thermal performance.

4.1 Redesign of entire spaces
The building consists of 6 stories and built
with international style. Ground and first
stories belongs to the mayor and the 4 other
stories is a typical floors for office spaces.
The main problem of the building
ventilation is that the long axis of building
is north-south oriented, where the wind
comes from the north direction. The
redesign of the building depends on, one
hand on the benefit from the short curvature
facing wind direction and on the other hand
it depends on creating an open plan to
increase the airflow rate. 

Fig.2. Building site [researchers]

Fig.3. Building image [researcher]

The building interior design will develop to
be one information desk and public area in
the north zone with a private circulation
axis and open space staff area in the south
zone with another circulation axis.

Comm. 
8% 

Houses 
41% 

Gov. 
5% 

Public 
Lighn g 
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Ul i es 
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4.2 Redesign of Façade
The new design of building façade depends
on increasing airflow with solar control
strategy. The airflow could be increased by
various methods; Increasing windows' size,
changing windows' type and wind
orientation. In this case, the new design
permits wind to enter through casement
window type in steed of sliding windows
with the same window size .Solar control
could be obtained by vertical shading
devices. This creates a double layer façade.
The role of the inner layer to control the
inlet airflow at day and night time and the
role of the outer layer is to control the direct
sun rays.

4.3 Simulation process
The simulation processes examine firstly
the airflow in the existing building to
determine the weakness of ventilation
process, then a redesign of the indoor space
by creating an open plan and examine
ventilation under the same windows area.
The simulation study assumed Air density
of 1.2 kg/m3, barometric pressure of 1 atm
and constant air temperature at 21°C. It also
assumed that wind direction is direct north
and average wind speed about 3 m/s,
according to national data of the faculty of
Agriculture climate station in Mansoura
University which is the most nearest data to
building site. The simulation neglected the
effect of thermal environment on wind
study in order to eliminate cumulative
effects on ventilation process.
Simple vertical louvers are supported on
west, east and south-east façade to control
direct sun rays with spacing about 0.6 m
between façade two layers. No louvers are
supported on the short curvature facing
north direction because of no need to solar
shading in north and permit wind to enter
the space directly.
The digital simulation of airflow show that
much air enters to the spaces with the same
window size but without entire walls. That
mean comfort ventilation could be obtained
with minor modification in building design.

Fig. 4. Airflow case 1, air velocity and direction

Fig. 5. Airflow case 2, air velocity and direction

5. Results
With the same windows size and floor area
the airflow rate and the average air speed
are doubled more than 12 times for open
space plan creating airflow rate about 21.3
m3/h/m2 which above the minimum
standard of office spaces by 1.5 times.
The new spaces design recommended that
the north zone has very good ventilation
and air speed about 3 m/s which fit a high
density occupation like public waiting, and
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side zones beside windows with medium air
speed about 1.5 m/s which fit low density
occupation like office spaces. 
The final results of airflow digital
simulation as table 6; 

Table 6.  Final results

 

Conclusion
Digital simulation as an evaluation strategy
is very important method to recreate a
comfort spaces and enhance indoor
environmental quality with passive way.
Old governmental offices could be easily
redesigned with minor modifications in
spaces or façade design. In this paper, two
cases are examined before and after
modification. It found that, creating an open
office spaces with double layer facades
doubled the airflow rate and the average air
speed more than 12 times are useful to
promote comfort ventilation and enough for
reach a satisfied level of ventilation above
minimum standard levels.
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Case 1 Case 2
Average air speed, m/sec 0.24 2.89
Total windows area, m2 159.6 159.6
Airflow rate, m3/sec 0.388 4.61
Total floor area, m2 775.96 775.96
Total occupancy, person 38.8 38.8
airflow
rate

m3/s/person 0.01 0.118
m3/h/m2 1.8 21.3
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Ecovillages movement for sustainable development in Egypt 
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Abstract: Ecovillages are communities consciously designed through participatory methodology to attain 
sustainability. The design integrates social, cultural, economic and ecological dimensions to reach the transition 
to resilience in these communities. There are success stories of ecovillages spread worldwide for people living 
peacefully, healthily and happily together and in same way in harmony with the ecosystem.  The movement 
started in Europe through the global ecovillage network of Europe but the idea itself and many of the solutions it 
may offer are already available in our diverse cultural heritage.  In the efforts for reaching sustainable 
development in Egypt, this paper offers the ecovillage movement as a solution. It introduces the ecovillage 
movement, in the meantime highlight how far the cultural heritage is not only a separate dimension in the design 
of  ecovillage but also essentially present in the social, ecological, economical and participatory design 
dimensions. The use of renewable energies, traditional building materials, Islamic architecture ventilation 
systems, Egyptian folklore, many solutions which may sound diverse but through the ecovillage movement can 
incorporated to introduce sustainable development on the national level in Egypt. 
 
Keywords: Heritage, Sustainable development, Ecovillages, Africa, Egypt, Transition to resilience, GEN, 
Traditions, Economy, Ecology, Participation, Communities. 

Abbreviations 
GEN Global ecovillage network 
CULTNAT Center for documentation of 

cultural and natural heritage 
GIS Geographic information system 

GEN- Africa the global ecovillage network- the 
African network 

Gen-Europe the global ecovillage network- the 
European network 

 

1.1. Introduction 
Studying and working in various fields of 
architecture, GIS, project management and 
heritage, I am getting to discover that 
sustainable development and working with 
communities are the missing pieces of the 
puzzle which give a meaning to those 
seeming different fields. Someone  
find the connection between heritage and 
sustainable development unless he/she gets 
down to earth experience in both fields. In 
the same way someone cant discover how 
sustainable development is crucial to our 
country unless he gets down to earth 
connected to successful communities who 
have tackled the core of sustainable 
development and not just the empty slogan 
widely used. In this paper I will introduce a 
model of sustainable development to be 

adopted on the national level which is the 
ecovillage movement and at same time 
highlight how far  connected to our 
cultural and natural heritage.  
 
1.2. Methodology 
This paper accompanies readers in a 
journey through the ecovillage movement. 
First it introduces what is meant by an 
ecovillage and how this term may be 
misunderstood. Then it will introduce an 
international network engaged in 
supporting ecovillages worldwide. It will 
then go in detail through the five 
dimensions of ecovillages which are social, 
ecological, cultural, economic and 
participatory design dimensions. Through 
this it will elaborate how each of the five 
dimensions is perceived in the ecovillage 
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movement. It will explain some aspects 
related to each dimension. Then in each 
dimension it will give examples whether 
from international experiences or examples 
derived from our own special cultural 
heritage. Then it will show success stories 
from ecovillages nationally and worldwide. 
The papers adopts a methodology to 
introduce the ecovillage movement more on 
the national level both as way for 
sustainable development, transition to 
resilience and valuing our precious cultural 
heritage. From that it will introduce a new 
trend which is the heritage ecovillage. 
 
2. Introducing Ecovillages 
2.1. The nature of ecovillages 
Ecovillage is a term which may be 

mainly to tourism which is in fact just one 

Some people believe that ecovillages are 
simply touristic villages where rich people 
live few days a natural life. Another bizarre 
misconception related to ecovillages that 

all signs of modern life and live the Stone 
Age life. This is another major 
misconception. Actually ecovillages is a 
term linked to the ecovillages movement 
which is now wide spread in Europe and all 
over the globe in different countries.  No 
matter what is the exact term used; 
ecovillages are mainly about sustainable 
communities. These are communities where 
people live together in harmony with their 
ecosystem, peacefully, happily and healthy 
life. They participate together to achieve 
together this ultimate goal. 
 
In 1998, ecovillages were first officially 
named among the United Nations' top 100 
listing of Best Practices, as excellent 
models of sustainable living..  
  
2.2. Ecovillage definition 
Scientifically speaking the term ecovillages 
is defined by the global ecovillage network 
as "an intentional or traditional community 

that is consciously designed through locally 
owned, participatory processes to 
regenerate social and natural environments. 
The 4 dimensions of sustainability 
(ecology, economy, the social and the 
cultural) are all integrated into a holistic 

 [1] 
 
Down to earth ecovillages are communities 
with vibrant social structures, vastly 
diverse, yet united in common ecological, 
economic, social and cultural values and 
goals. They spring from the good intentions 
and creativity of citizens, and their 
willingness to make a difference. 
 
2.3. The global ecovillage network 
The global ecovillage network GEN was set 
up in 1995 to support the experimental 
creation and preservation of human 
settlements that regenerate our social and 
natural environments. GEN has consultative 
status with the UN-ECOSOC. 
 
GEN-International works through three 
broad regional organizations: the 
Ecovillage Network of the Americas 
(ENA), GEN Oceania and Asia (GENOA), 
and GEN-Europe/ Africa/Middle East. 
 
Gen-Europe is currently supporting the 
emergence of GEN-Africa as an 
independent network. In December 2012, 
there was a symposium held in Sekem 
ecovillage in Belbies-Egypt where Gen 
Africa was launched. Gen Africa is the 
African continental body of gen 
international. The gen Africa strategy was 
formulated collectively and hence the gen 
Africa council was elected democratically. 
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Fig. 1.  Gen Alliances  [2] 
 

The figure shows how the global Ecovillage 
network build alliances to bridge the gap 
between the work done on the grassroots 
level in ecovillages whether traditional or 
intentional and the governments, academia, 
corporate world and other international 
organizations like the united nations. These 
alliances empower the grass root level not 
only with funding but with experiences, 
training, networking, making visible 
success stories and assisting in advocacy. 
 
2.4. Ecovillages design education EDE 
 

 
Fig. 2.  GEN Mandella [1] 
The EDE Curriculum was developed by 
ecovillage educators from all over the 
globe. The EDE Mandela has become a 
symbol for a holistic approach to 

sustainability and resilience. At the centre 
we could imagine what is sometimes called 
the 5th dimension: integral design methods 
and processes like permaculture or dragon 
dreaming. The curriculum is thus a 
roadmap, designed to be inherently flexible 
and adaptable to unique local needs and 
circumstances. 
 
3. Ecovillages dimensions 
 
3.1. Social dimension 
 
3.1.1. Introducing social dimension 

committed citizens can change the world; 

Margaret Mead  
The social aspect of ecovillages is dealing 
mainly with aspects of how communities 
are built and structured. This involves 
sharing their vision, leadership and decision 
making issues in the community. This 
extends to success factors of embracing 
diversity, effective communication, conflict 
resolutions, social healing, celebrations, 
human rights and all other social issues. [3] 
Being connected to human being, this 
social; aspect varies according to culture.  
For example the social aspect as dealt with 
in European ecovillages will vary from 
those in Africa communities. Even in 
African countries the social dimension of 
an ecovillages in Egypt will vary from 
another ecovillage in South Africa. 
Moreover the social dimension of an 
ecovillage in Upper Egypt may vary from 
an Egyptian ecovillage in delta and so. 
 
3.1.2. Examples of social practices related 

to ecovillages worldwide:  
a) Collective intelligence practices such as 

World café, open spaces, forums. 
 

b)  Group Decision making which are 

AUTOCRATIC (One person decides), 

CONSULTATIVE (Autocratic with 

Page 423 / 522



Building Simulation Cairo 2013 - Towards Sustainable & Green Built Environment, Cairo, June 23rd - 24th 
Topic name: Sustainable Development 

 

 

advice from others), 

MINORITY(Experts, or those with 

vested interest),MAJORITY (Voting) 

CONSENSUS (Loyal minority agree to 

support majority) and UNANIMITY 

(Everyone totally agrees). 

 
3.1.3. Examples of social practices linked 

to the Egyptian cultural heritage: 

 
 
3.2. Economic  dimension 
 
3.2.1. Introducing economic dimension 
Today, economics rules supreme as the 

and values subordinated to it. Critically, the 
environment is seen as a sub-system of 
economy rather than vice versa. 
Consequently, the environment is seen 
primarily as a bank of resources for the 
undertaking of human activities. Through 
ecovillage movement while moving 
towards sustainability reverses this 
equation, with economy properly 
understood as a sub-system of ecology. 
Within this new paradigm, the scale and 
nature of economic activities will be limited 

ecosystem. [4] 
 
3.2.2. Examples of ecovillage economic 

dimension solutions 
a)  local currencies: In this methodology 
each person in the community lists all 
services or products he can provide. The 
community council decides a cost for each 
service in local currency. For example a 
teacher can give lessons and in return he 

can get products for example from the 
community store.  
 
b) Other models involve that each adult 
inhabitant of the community is obliged to 
share monthly points within a certain range 
consequently he get all services and 
products free within the community. This 
model is practiced in the ecovillage of 
Sieben linden where inhabitants eat meals 
together or they can get also vegetables 
from the community kitchen and cook at 
their own home. 
 
c)Local banks. 
 
3.2.3. Economic practices linked to 

Egyptian cultural heritage 
 There are various types of handcraft which 

 are linked to our culture and tradition. 
Many of these handcrafts are in hazard by 
machinery and modernization and by 
importing replicas from china. Within the 
ecovillages we promote and encourage the 
revival of handcrafts not only for 
preserving our heritage and traditions but 
also to be a source of income for 
inhabitants of the ecovillage. The products 
of handcraft are precious sources of 
income. By engaging people in the 
community in handcraft, such handcrafts 
can be used within the community and also 
traded within country and can also be 
exported to other countries. 
 
 A Rotating Savings and Credit 

 

  

 Leaving a possession with someone for 
a certain period of time in return of 
money if it is not returned within a 
period of time the possession is losed to 
the lender.  
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3.3. Ecological dimension [5] 
 
3.3.1. Introducing the ecological 

dimension 
The ecological dimension in the design of 
ecovillages involves: 
 Green building and retrofitting 

 
 The usage of local food and involving 

Food sovereignty as the right for 
communities to produce adequate and 
nutritious food. 

 
 The usage of appropriate technologies 

especially regarding the usage of 
renewable energies. 

 
 Recovery and conservation of our 

natural environments. 
 
 Integrated ecological design including 

the ethics and principles of 
permaculture, integral ecology, design 
principles of sustainable human habitat. 

 
3.3.2. The ecological footprint 
'Invented' only 20 years ago in 1990 by the 
University of British Columbia, the 
Ecological Footprint is now widely used by 
scientists, businesses, governments, 
agencies, individuals, and institutions 
working to monitor ecological resource use 
and advance sustainable development. 
While the term ecological footprint is 
widely used, methods of measurement vary. 
However, standards of calculation are 
continually being developed to make results 
more comparable and consistent. The 
ecological footprint can show us, how 
unequally the use of global resources is 
distributed. 

 
Fig. 3  ecological footprint by country per person 
2007 [6] 
 
 
3.3.3. Some ideas of designs to be involved 

in the ecovillage design  
 Green architecture, building materials, 

designs. 
 
 Adopting Organic agriculture and usage 

of organic compost 
Making good compost depends on 
having the proper sources of nutrients 
with a balance of carbon and nitrogen, 
keeping the pile of compost moist and 
making sure that there is adequate 
aeration. The compost pile can heat up 
to 60°-70°C (140°158°F) due to the heat 
generated by microbial activity.  
However, high temperatures will result 
in substantial losses of nitrogen in the 
form of ammonia gas 
 

 Usage of Medicinal plants 
 
 Seed banks 

 
 Rain reservoirs 

 
 Renewable energies ex wind, solar, waves  

       and biogas. 
The usage of renewable energies is 
crucial to face the scarcity of resources; 
We may know that the first solar plant 
in the world was installed in Maadi 
Egypt in 1913. 

depend on renewable energies sooner or 
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later Africa is planned to be the source 
of renewable energy for the world, so 

our countries. 

 
Fig. 5.  Renewable energies distribution  plan in 
Africa [7] 
 
Though seeming expensive yet in the long 
run and if we consider the consumption 
prices, saving resources, pollution factors, 
then all that goes in favor of usage of 
renewable energies. In the Germany for 
example citizens are producers of electricity 
rather than consumers by installing 
photovolage cells on their homes, in this 
way they feed the electricity network with 
electricity. They get points and hence 
money for power they feed in the circuit. 
 

 
 

 
 

 

 
Fig. 4.  Solar cooker (author photo) 
 
3.4. Cultural/ worldview dimension 
 
3.4.1. Introducing the cultural dimension 
The cultural dimension; in other words the 
worldview dimension is linked to 
spirituality, religions, cultural traditions, 
connection to nature. This cultural 
dimension is not only a separate dimension 
of ecovillages but its intermingling in other 
dimensions. [8] 
 
3.4.2. Cultural aspects related to the 

ecovillages movement 
 
Islamic rituals, Coptic practices, 
Archaeological sites and monuments, 
Folklore music, Dances, Songs, Proverbs 
and Traditions. 
 
3.5. Participatory design dimension 
 
3.5.1. Introducing the participatory design 

dimension 
What differentiates ecovillage from any 

participatory designed by its citizens to 
attain sustainability. The ecovillages 
movement  introduce many method for 
participatory design ex: the Permaculture 
design method and the dragon dreaming. 
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3.5.2. Permaculture 
 

 
Fig. 6.  Permaculture design principles[9] 
 
3.5.3. Dragon dreaming following by 

applying a KARABIRRDT 
 

 
Fig. 7.  dragon dreaming stages as explained by 
John Craft [10] 
 
4. Ecovillages best practices 
This section highlights the results of the 
application of ecovillage movement 
whether in grass-roots level, network and 
organization level and international 
partnerships. 
 
4.1. Examples of ecovillages 
 
There are successful examples of 
ecovillages worldwide in the presentation I 

will show photos from Sekem (Egypt), 
Guede Chantier (Senegal), Findhorn 
(Scotland), Tamera (Portugal), Damanhur 
(Italy), and Orville (India). 
 
4.2. GEN Africa [11] 
From December 16  19, 2012 around 60 
activists from the GEN-Africa networks 
came together in Sekem, Egypt for a GEN-
Africa Symposium. During this 
Symposium, best practices in ecovillage 
strategies were exchanged; the GEN-Africa 
Council, Advisory Board and NextGEN-
Africa Council were elected, and GEN-
Africa Strategy Paper was written. GEN-
Africa is now an independent organisation 
within 
 
4.2.1. GEN Africa vision 
We envision the re-emergence of a 
sustainable and abundant Africa growing 
out of 
an alliance of self-empowered and resilient 
communities. 
 
4.2.2. GEN Africa mission 
As a solution based alliance, GEN-Africa 
makes visible examples of best practices, 
empower existing ecovillages, support 
emergence of new ecovillages and develops 
educational tools to inspire societal 
transition to resilience. 
 
4.2.3. GEN Africa main thematic areas 
 
a)  Education and capacity building. 
b) Model ecovillages and training centers 
c) Gen Africa advocacy 
d) Cultural heritage 
e) Healing and reconciliation 
f) Food sovereignty 
g) Natural resources and restoration 
h) Ethical business and fair trade... 
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4.3. GEN Egypt 
 
Currently Gen Egypt is being established as  
the Egyptian national network of the global 
ecovillage network. 
 
 
4.4. Ecovillages strategies for community 

mobilization 
 
A cross-cultural IT team from GEN 
Information Systems and the Egyptian 
Center for Documentation of Cultural and 
Natural Heritage (CULTNAT) is currently 
developing  an online solution library to 
provide visible solutions, derived from 
wisdom in cultural heritage, aiming to 
contribute to the design dimensions of 
Ecovillages, which are the social, the 
economic, the cultural, the ecological, and 
the participatory dimension; the library is 
developed within the framework of 
Ecovillages Strategies for Community 
Mobilization project funded by the Ana 
Lindh Foundation and lead by GEN-
Europe, in partnership with organizations 
from Egypt, Palestine, Turkey, Morocco 
and Algeria. Six women from certain 
African and Middle Eastern countries, were 
sent to attend the Ecovillage Design 
Education (EDE) in the Ecovillage Sieben 
Linden, Germany in the summer of 2012, in 
alignment with intention of the project, 
which is to empower women with the skills 
necessary to apply integral approaches and 
to act as multipliers, promoting community-
based approaches to sustainable 
development in networks and communities. 
These women are currently collecting 
solutions promoting the Ecovillage 
movement. 
 
The web development team made their first 
meeting in GEN-Africa launching 
symposium held in Sekem, Sharqiah, Egypt 
in December 2013. The IT team is currently 
developing the online back end and front 
end of the solution library that should be 
ready by the end of April 2013. It will be 
linked to GEN-Europe, GEN-Africa and 

CULTNAT official web sites, respectively. 
The solution library design is based on a 
mandala pattern made of the five 
dimensions of the Ecovillages. Allowing 
users to share solutions, experiences and 
feedback, the solution library will build an 
intercultural respect and understanding, and 
will provide a resource for the broader 
public and for grass root leaders in the field 
of sustainable development and community 
empowerment. 
 
5. Results and Conclusion  
Ecovillage movement will assist in the 
transition to resilience and sustainable 
development of both existing traditional 
villages and communities and also 
intentional ecovillages. Hence this 
movement can be extended to support the 
emergence of new sustainable communities 
in Egypt. The Egyptian cultural heritage is 
wealthy in examples and wisdom which 
supports the empowerment of our 
communities. Egypt needs to apply 
Ecovillage movement profoundly based on 
the diversity of the Egyptian tangible and 
intangible cultural heritage.  Egypt needs to 
encourage enhancing and adapting of the 
cultural heritage in the participatory design 
of ecovillages. 
 

 
Fig. 8.  Sample of heritage solutions from the 
solution library portal(12) 
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Abstract: The Earth-Sheltered building type has been widely spread all over the world. And the most effective
performance for this kind of buildings was found to be with harsh climate. However, recently it is neither used in
Japan nor in Egypt. The research is discussing the possibility of dealing with the Earth-sheltered building type
with analytical and statistical point of view. Therefore, it is divided into two parts with different methodologies
(analytical method and statistical method). It started by analyzing the benefits and drawbacks which are related
with this type in general. Afterwards, discussing the motives of applying this kind of building at both Egypt and
Japan as well. Then it is discussing the application constraints, which might hinder the optimal performance of
these buildings at both countries. On the second part of the research, it used the questionnaire survey method to
assess the architec
research recommends some applicable architectural design aspects to be considered for application at the hot-
harsh climate like Egypt case, and others at the cold-humid climate like Japan case.

Keywords: Sustainable Development, Environmental Design, Earth-Sheltered Buildings, Hot- Harsh Climate,
Cold- Humid Climate.

1. Introduction
The main function of the building is to
provide thermal comfort for users.
However, fulfilling this need became more
difficult, especially at the harsh climate.
This harsh climate raises the problem of the
unsuitability of the ordinary building
systems for those areas, since it consumes
large amount of energy for the active air-
conditioning systems, which are growing
up to tremendous expenses.
The energy problem at Egypt is growing
higher every year, especially the electricity
consumption from the residential sector by
comparison with the Industrial sector. It
could be noticed clearly every ten years by
studying the future scenario at 2020 Fig. 1
[1]. It is expected to grow up to extreme
level, if we did not control such
consumption.
The research suggests using passive
systems rather than the active ones, in an
attempt to lower the energy consumption of
the residential sector.
Recently, some passive design attempts had
appeared on the architectural scene trying
to solve the thermal comfort issue, but had
gained unsatisfactory psychological results.
Such as: using arches, vaults, and domes.

Like the case at the new village of "Gorna";

 which had been immigrated.

Fig. 1. Electricity Consumption by Major Sectors
(MWh).

This research is raising a call for
sustainable building design of the Egyptian
desert with a new architectural perspective
using the Earth in construction to gain more
integration with the environment, and to
add another new aesthetic dimension to the
surroundings.

1.1. Definition
Earth sheltering: is the architectural
practice of using earth against building
walls for external thermal mass, to reduce
heat loss, and to easily maintain a steady

. [2]
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2. Background
It is obvious that any new community
would be divided into several land uses.
The main land use is usually found to be the
domestic one. According to the previous
belief, it could be said that: if it is desirable
to lower the cost of the urban community as
a whole; then we should mainly lower the
cost of the housing sector [3].
The previous objective could be reached by
the mass production system. Therefore,
even if the initial cost of the building is
high; it will be economic on the large scale.
Still the question of which kind of building
types could be suitable, in the extreme
climate! Besides, achieving the objective
for the building to be more economic [4]. 
The research suggests using the Earth-
sheltered building system. It is not a new
system, nor extinct. It had been used
through the history all over the world.
Moreover, it has been reused recently with
more modifications to meet the recent
necessary needs, Fig. 2, 3. [5][6]

The modern examples use the same
concepts used in the traditional vernacular
architecture by more developed technology,
such as the houses in Spain, Armington and
Minnesota in USA, Canada [7].
Recently, it started to depend on
electromechanical tools for lighting and
ventilation [8].
The Earth-sheltered system had been
commonly used worldwide within the
housing sector rather than the public one.
Sterling supports this note, when he made
several studies on workers at factories,
libraries and governmental buildings. He
found that the productivity had been
lowered as much as workers are isolated
from the natural environment outside. Also,
the air quality was relatively poor [5].
However, Ojima conducted many
researches on workers at Japanese libraries;
he gained very good results of satisfaction
about the working environment [9].
The Earth-sheltered architecture has some
special basic characters (its classification,
advantages and disadvantages).

Classification: its various types;
Bermed, Semi-Bermed, patio type
(Underground), Fig. 4 [10].
Benefits and Drawbacks: The research
treats most of the direct and indirect
potentials and benefits of the Earth-
Sheltered system, and presents also
drawbacks of this type of building in
which we can avoid with good design.
With concentration on the main reason
of refusing the idea for being
underground especially psychologically,
and how to overcome these bias.

Recently, this type of buildings has been
reused with different treatments and proper
design considerations. They differ from one
site to another and from climate to another.
In order to optimize the Earth-sheltered
architecture, some design considerations
should be followed, which are classified
into two major categories and other
additional sub-categories:

Fig. 2: The hill itself protects Mesa Verdi area and
buildings from undesired wind.

Fig. 3: integration with the natural form of the
surrounded hillside.
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Urban considerations: they include the
site selection, climate, soil, hydrology,
environmental quality, accessibility and
proximity to resources, utilities, shape of
urban cells, distribution, composition, and
direction to the wind, land uses and the
form of urban cells, orientation from
sunshine, and vegetation with its effect on
sunshine and wind.
Architectural considerations: zoning
(distribution, direction priorities of
various spaces, entrance design and its
relation to the surface). Environmental
considerations: with (planning, walls, roof
shape, direction, optimum opening areas).
Energy considerations: (Earth coating,
isolating, frequency of soil temperature,
passive solar tools and its suitability).
Visual and sound considerations: (visual
privacy, visual contact with outside, noise
isolation). Construction considerations
(soil bearing, water content, materials,
walls, roof shapes).

The attempt to apply these perspectives
appropriately to our society exceeds the
negative effects that hinder its use; by
realizing the optimum utilization of
subterranean space as a logic alternative to
be taken into consideration [11].
Within the Egyptian context, the desert

area [12]. Although many studies asserted
the appropriateness of this building system
within the extremely harsh climates [13]
[14] [15]; likewise the case at the Egyptian
deserts; no contemporary use of such
system had been observed across Egypt [9].
Within the Japanese context, the mountains
slopes represent the majority of the

-sheltered
construction is very rare.  The researcher

believes that it would be more appropriate,
if this type of buildings started to spread at
the touristic use before applying it at the
domestic one. It could be a trial or pilot
application, before applying it at a broad
range of the housing sector in the new
desert urban communities [16].
The research tries to investigate whether the
Earth-sheltered construction system would
be suitable for usage with the domestic use
at the Egyptian desert and the Japanese
slopes or not. Therefore, it is going to
examine the validity of this hypothesis.

3. Methodology
According to the research nature aimed to
identify the Earth-sheltered building
characteristics, where it is considered to be
unfamiliar scope for large number of
Egyptian and Japanese architects, the
"Exploratory research type" had been
chosen for this study. Therefore, the
research is trying to explore the possibility
of applying this type on the residential
sector at the Egyptian deserts and Japanese
slopes within an imaginary scope.
Regarding the way dealing with the
research topic; which is going through the
general idea (Earth-sheltering) to the
specific one (the possibility of applying it to 
the residential sector at the Egyptian deserts
and Japanese slopes); the "Deductive
approach" had been chosen.
Testing the research hypothesis; it is based
on both (qualitative), and (quantitative)
approaches at different stages.
The (qualitative approach) is represented in
the stage of examining the architectural
criteria for applying the Earth-sheltered
buildings at the harsh hot or cold climate.

C. Patio typeB. Semi- Bermed typeA. Bermed type
Fig. 4: Different types of the Earth-Sheltered buildings.
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The (quantitative approach) is represented
in the psychological response for both
Egyptians and Japanese about living at such
buildings, which can be measured by the
questionnaire that discusses these topics.

-
-

[17], [18], [19]
The Methodology limitations could be
represented in:

None of the proposed sample had lived
or dealt with the Earth-sheltered building
system, this will make the answers a
kind of imagination. Despite of the
visual proposed questionnaire, but it
would be more reliable and valid if the
sample had dealt with this system before.
This building approach is relatively new
within the Egyptian and Japanese
context, so there could not be a true
experiment test for the internal thermal
behavior. It will be only by suggesting
architectural aspects, which may not be
very typical to the reality.

4. Results
The significant outcomes of this research
could be summarized into three main
categories: Analyzing the benefits and
drawbacks; Finding architectural solutions
for some application constraints; and
analyzing the questionnaire outcome.
4.1. Analyzing Benefits and Drawbacks
The benefits and drawbacks could be
divided into six main categories; each one
has its sub aspects. Analyzing the effect of
being underground; the site selection issue;

the building design and aesthetics issue;
economical issues; physiological and
psychological issues; and finally the
building codes and low issue, Table 1, [20].
4.2. Applicable Architectural

Recommendations
Here are recommendations regarding some
application obstacles in detail that might
face this type of buildings if applied in
Egypt. Beside, suggesting proposals to
overcome some of these problems.
4.2.1. Design limitations that affect the

performance.
Exposure to the accumulation of sand,
dust, and floods: Due to the nature of the
desert areas at Egypt and at the heavy rain
at Japan; the buildings may be exposed to
the accumulation of sand or rain water,
Fig. 5. Therefore, the research suggests
designing the courtyard to be opened with
three sides only, and the level of the
surface would be above zero level or
designing the building with one façade
and direct it away from the wind.
Visual features of the urban design: if the
building is totally underground, this may
leads to the lack of the skyline and the
absence of landmarks. That problem could
be eliminated by the integration between
buildings up and down, Fig. 6.
Dampness: If the building is not well
designed it will suffer from dampness,
which may cause the insects habitation,
especially at the desert areas, like Egypt

the openings with tiny mesh sheets to
allow air ventilation and protection from
insects if any. On the other hand,
dampness can cause the existence of
fungus (black or green) at the humid
areas, like Japan case. The best action to
avoid that is the good cross ventilation, as
discussed later.
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Privacy: There are different types of
Earth-Sheltered construction, not all of
them provide good privacy to the users. It
is very important to the Egyptian people.
The patio type of the Earth-sheltering,
especially when it is located totally
underground, has very week privacy.
Unless, protecting the unit from the street
dust and the vehicles noise and harmful
vibrations to the building unit, Fig. 7.
Construction at Humid Areas: Special
concern should be subjected to ventilation
especially at the humid areas, like the

ventilation rather than the normal one. If

forced ventilation, like light mechanical
fans and shafts for air suction, Fig. 8.
Construction in mountainous areas: To
build on the steep slopes; it has some
applicable limitations, that can be avoided
by good design guidelines, if well applied:

- The steeper the slope, the more need to
use stronger water supply pumping system

- The higher the site would be, the higher
the cost for constructing roads would be.

recommended to use the mass
construction system, which contributes in
making the road cost more economical.

- Some sites with open geomorphologic
formations at the mountains could suffer
from strong wind or rain, and may be
subjected to erosion and landslides, or
internal cracks with soil. Therefore, these
places should be avoided from the
beginning to build on it.

4.2.2. Psychological bias
The main psychological bias that is
expected to occur with the Earth-sheltered
buildings, especially with Egyptians:

Fig. 5. Wind reaction with underground patio
type Earth-Sheltered building.

Fig. 6. Not recommended to be totally underground, the
integration is more preferable.

Fig. 7. When a House is Next to the High Way, it should be considered the Existence of Fence to
Maintain Privacy and Prevent things to drop in the Patio.

Fig. 8 Earth-Sheltered considerations at the
Humid Climate 

Building Simulation Cairo 2013 - Towards Sustainable & Green Built Environment, Cairo, June 23  - 24  
Topic name: Sustainable Development

rd th

Page 435 / 522



 

- The relationship between being under a
ground cover and the negative image
related to death and burring, whe
difficult to adapt people with the closed
environment underground without direct
visual contact with the open sites like
conventional buildings. Moreover, the
fears of confinement during fire or during
earthquakes like Japan.

- The research suggests to overcome this
problem that people experience this kind
of buildings as an experimental period of
time with a good designed model, like
small sized clusters of worker villages, or
nice hotels or motels, which avoids the
previous defects. This may help to accept
the idea little by little, and remove the
negative image deep rooted in the minds.

- There are some design guidelines to be
considered; which may help in accepting
the living in an Earth-sheltered building:

The entrance to be upstairs not
downstairs, Fig. 9.
Having normal building façade like
conventional building.
The existence of focal reference
points with the outside environment,
Fig. 10.
The natural light to reach every point
on the building unit even if direct
light was not available, Fig. 11.

- As mentioned earlier, those are not all the
potential problems; these are the most
expected ones. The real problems could be
measured after the real experience, at least
an experimental model as a start, as an
essential step before the real application
takes place with the residential use.

4.3. Questionnaire Design and Outcome

-

-

1.

-

6
9

7 6

0 0

9

3 3

6 5
7

0
2
4
6
8

10

Fig. 12. Background Image w/t pictures

Fig. 9. Bad Entrance Downstairs

Fig. 10. Visual Contact Improves the
Psychological acceptance of these Buildings

Fig. 11. Top openings to catch Sunlight and
ventilation
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Table 5. [19], [29], [18]

6. In a clear question about architectural
cross section classification, Table 6. The
research hypothesis is that: most of the
architects do not know much about this
system and choose wrong classification. 

Table 6. [5], [8]
A B C

D E

-
-

and -

they may have a conventional
appearance at the façade. The results,
Fig. 16, was interesting and chocking
at the same time with some cross-
sections lik
it is underground, but most of them
chose it as Bermed . This will drive
the way to the necessity for holding an
Informati
architectural level, in order to enlarge
the base for future architects to use this
system as an energy-efficient
alternative solution.

7. There were 13 questions comparing
attitudes between Egyptian and Japanese
people, relying on a previous study with
the Japanese [ 30 ]. The most important
item measured was the energy saving
(HVAC), the ability of ventilation, and
the day lighting of main room, Fig. 17,
18.

8. The most important questions were the
last two, about their point of view of the
Basement and the Earth-sheltered usage,
if they were provided with very high
thermal comfort. But, even after the
interviewees already had knowledge
about them from the questionnaire

earth-sheltered as a domestic use, Fig.
19, 20. 
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5. Conclusions
1. Thinking of application on the touristic

facilities and workers villages, at the
new developed areas, where both public
and domestic use, which motivates
individuals for application at their own
buildings, as a good alternative to
achieve complete thermal comfort,
aesthetics, and environmental design.

2. It is recommended to use this system at
the hill-side beside the shore bank; like
the old "Gurna" village; or at the coastal
regions, and reserve the flat land for
farming and agricultural purpose.

3. To consider planning the geo-space on
slopes and underground as an integral
part of the design process for new
projects, by the Planning Authority.

4. The most important benefit that could
be gained from the Earth-sheltered
construction is the internal thermal
comfort with a steady state and very
little fluctuation during both day - night,
and summer - winters.

5. The most important drawback related
with this kind of building is its name,
which is deeply related in minds with
undesired image of death and burying.

6. Not all architects know about these
buildings yet, this makes the thinking of
the application on a wide range, a kind
of imagination and hope.

7. This research maybe not very accurate
about Egyptians and Japanese attitudes
towards the Earth-sheltered buildings,
because almost none of them had lived
or dealt with these buildings before.
That makes their answer a kind of
imagination, despite of the visual
questionnaire. To gain more reliable
results at the future work, there should
be seminars with presentation about this
kind of buildings, before asking people

 it about their attitudes.
8. There should be an emphasis on

compensate the lack of expertise, by
making seminars, lectures, conferences,
and classes on the educational level
about the great environmental benefits
of this type of building.

9. At the future work there should be
another two similar questionnaire for
two other purposive samples [ 31 ]
(Egyptians and foreign tourists).
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Their attitudes and point of view should
not be neglected if we planned to apply
these buildings with the touristic use.

10. For further research, it is recommended
one of the following points:
- Conducting deep researches to serve

the complementary design methods
that help to improve the Earth-
sheltered building performance, such
as activating methods of natural
ventilation, especially in (warm -
humid) climates, in an attempt to
reach the required good air quality
with thermal comfort.

- Economic study in-depth for these
buildings excavated within slopes, in
terms of initial and long run cost
term.

- Directing the research to study the
physiological effect of living in an
Earth-sheltered building, especially
at the sleeping period, as the studies
in this area are shallow and is not
supported by statistics or numbers.

- Deep simulations to reach the
optimum thermal comfort guidelines
for an energy saving model at the
hot-arid and the cold-humid regions.
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Abstract: The mean radiant temperature (Tmrt) is one of the most important meteorological parameter 
governing human energy balance and has therefore a strong influence on thermal sensation of the pedestrians 
using the open public spaces. In this paper two different methods for measuring Tmrt are used and compared 
including simple black globe temperature measurements as method A and ENVI-met 3.1 software modelling as 
method B. Measurements were performed in two different urban structures located in the same alley, i.e. Old 
Islamic Quarter, Cairo, Egypt. ENVI-met showed a good agreement between the records from the individual 
receptors and the averaged values for Ta, RH and Tmrt, yet a considerable difference found between the 
receptors and the average value for wind speed (V) 
 
Keywords: Full Article Template, Submission, Journal of Sustainable Building and Environment 

Nomenclature (Optional) 
Ak         absorption coefficient of the human 

body for short wave radiation 
C            heat capacity 
D           globe diameter (mm) 
K           thermal conductivity 
Qlw,in    incoming long wave radiation 
Qlw,sky  incoming long wave radiation from 

the sky 
Qsw-dir,in  diffuse incoming short wave 

radiation 
Qsw-dir,sky incoming direct short wave 

radiation from the sky 
Qsw, ground     overall shortwave radiation at 

the ground surface 
pf            projection factor 
rfbldg     reflectivity 
Ta          the air temperature 

Tg              the globe temperature 
Tmrt          the mean radiant temperature 
Tground   ground temperature 

         Building temperature 
          Vegetation temperature 

Va             air velocity 
vfveg         view factor for vegetation 
vfbldg       view factor for buildings 

emission coefficient of the human 
body 

        The globe emissivity 
         Average emissivity for buildings 
        Average emissivity for vegetation 

  Average emissivity for ground 
µ            Thermal admittance 

the azimuth angle of the sun

1. Introduction 
According to the UNFPA 2008, heat stress 
in cities will significantly increase during 
the coming years where over 50% of the 

These urban areas differ from rural ones as 
they have their own climate conditions, 
which results in typical urban phenomena 
known as urban heat islands. Therefore an 
increase of temperature in cities has to be 

feared, which will have even stronger 
negative effects e.g. on the quality of life or 
public health [1]. As a result, the urban 
micro climate starts to gain an increasing 
attention during the urban design and 
spatial planning [2]. starting with the study 
and description of microclimate processes, 
and passing by study focuses on 
microclimate research in relation to outdoor 
thermal comfort contributions such as those 
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of Oke (1987), Bosselmann et al. (1995), 
Katzschner (2004), Matzarakis (2001), 
Moriwaki and Kanda (2004) and 
Stathopoulos (2006) which were interesting 
for urban design because they addressed 
factors that can be changed through urban 
design interventions. As it is well explained 
in the practice-oriented literature that Urban 
microclimate depends on the type of city in 
terms of size, geographical location, 
population size and density, and land use as 
well as the street design features such as 
height of buildings, street widths and 
orientation, subdivision of the building lots, 
etc. therefore, the urban design of each 
neighbourhood in a city creates its own 
particular local climate [3], where with 
well-defined planning measures the micro 
climate can be improved or negative effects 
can be mitigated [4;5]. To define such 
measures urban planners need information 
on the micro climate situation in their city,  
and one of the most important 
meteorological parameters influencing the 
outdoor thermal comfort during sunny 
conditions is the mean radiant temperature 
(Tmrt), which summarizes all short and 
long wave radiation fluxes reaching the 
human body in urban settings. Moreover it 
was stated by many researchers as the key 
variable in evaluating thermal sensation 
outdoors under sunny conditions regardless 
of the comfort index used [6;7;8]. The Tmrt 
is defined by ASHREA, 2009 as the 
uniform temperature of an imaginary black 
enclosure in which an occupant would 
exchange the same amount of radiant heat 
as in the actual non-uniform enclosure . the 
calculation of mean radiant temperature 
vary considerably in open spaces compared 
to indoor situations, and in sunny 
conditions Tmrt can be more than 30 oC 
higher than air temperature as it is subjected 
to considerable complexities, uncertainties 
and not yet evident, while in a confined 
setting of an enclosed room they are 
approximately equal [9]. 
This paper presents two different methods 
in estimating the mean radiant temperature 
in an outdoor urban setting through 0.152 

mm flat black globe thermometer 
measurement as method A and the ENVI-
met 3.1 software as method B (www.envi-
met.com) which has approved its partial 
validity that enables master planes 
comparisons on an impact assessment basis. 
Results showed that there is a noticeable 
difference between the Tmrt within the 
same alley.  
To investigate the effect of the street design 
features, simulations were run within the 
different seasons (extreme summer and 
winter) and for each time the measurements 
and the simulations were run for a whole 
week pattern and variables where recorded 
at 6 different location within the alley 
(Figure 1). However, for brevity, only the 
mean radiant temperature on two different 
spots was included in details in this paper 
with one-day simulation for the extreme 
summer season as the Tmrt become more 
crucial under hot arid conditions 
 
2. Experiment 
2.1. Research settings: Al-Muizz Alley, 

Islamic quarter, Cairo, Egypt 
The Cairo zone lies between latitude 26  

 In the middle of that 
area lies Al-Muizz Alley as seen in figure 1, 
which is the urban site examined in this 
paper. It is one of the oldest streets in 
Medieval Cairo, approximately one mile 
long and according to the UNDP the street 
has the greatest concentration of the 
medieval architectural treasure in the 
Islamic world. Al-Muizz Alley and its 
surroundings were exposed to an extensive 
restoration project by the Egyptian 
government, transforming the street into an 
open-air museum. The first part of the street 
was fully restored and was opened to the 
public in Early 2010. The second part of the 
Alley has yet to undergo restoration. The 
aim of the paper is to compare different 
methods of estimating the Tmrt in both 
parts as each has its own urban distinctive 
features, regulation, materials, shadings, 
vegetation, and surfaces etc. (tabel 1).  
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Fig.1. Al Muizz Alley location 

Table 1.The urban canyon characteristics 

SITE RENOVATED NON 
RENOVATED 

General 
description 

Compact 
neighbourhood. 

Very compact 
neighbourhood. 
Deep canyon. 

Land use Commercial/ 
residential 

Commercial 
with few 
residential  

buildings Low to 5 floor 
and over 

Low to medium 
rise (3-4 
storeys) 

Ground 
cover (%) 

Basalt 
100% 

Basalt 30% and 
Road bare 
ground 

Greens (%) 4.3% 1.1% 
Shaded area Less than 5% 55% 
 
2.2. The Climate 
Cairo Islamic quarter is classified under 
Dry Climates, which are characterized by 
modest rain and a vast daily temperature 
range (group B according to Koppen 
classification) and in almost lies entirely in 
the sub group: BWh - arid or desert with 
hot climate [10].  

3. Methods 
Two different methods for the 
measuring/modeling the Tmrt in outdoor 
urban settings are presented and compared:  

 0.152 mm flat black globe 
thermometer  

 ENVI-met 3.1 software  
A special focus will be placed on the 
validation of the ENVI-met software as a 
tool for measuring Tmrt in an outdoor 
setting. 
 
3.1. Microclimatic site measurements 
Small scale micrometeorology 
measurements were taken in the summer 
period between 26th June and 2nd July 
2012 to get better knowledge about the 
radiation, wind, humidity, temperature and 
globe temperature patterns in the traditional 
built structure of the both parts. Figure 2 
shows the instrument setup for measuring 
the wind, air temperature, humidity and 
solar radiation. The measurement height 
was 1.1 m above the ground, corresponding 
to the average height of the center of 
gravity for adults [6]. Figure 3 shows the 
two model domains as well as measurement 
points which were chosen to be 
representative of their respective 
neighborhoods, to validate the modeling 
output later on. 

 
Fig.2. the mobile weather station setup 
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Fig.3. the 2 Modeling domains and the 2 measurement points
3.2. Determination of Tmrt by globe 

temperature measurements.  
The theory of the globe thermometer has 
been thoroughly explained by Kuehn et al. 
(1970) [11]. It was originally developed for 
the indoor application then extended to 
include the outdoor settings [12]. Simply, if 
the globe temperature, air temperature and 
air velocity are known then the Tmrt can be 
calculated according to equation (1) given 
by ASHRAE (2009) [13] with empirical 
coefficient recently refined by Thorsson et 
al (2007) [14] is: 
 

                           (1)                 
 
Where ( ) is the globe temperature (oC), 

) is air velocity (ms-1),  is the air 
temperature (oC), D [mm] is the globe 
diameter (= 0.152 mm), and  is the 
emissivity of the sphere (=0.95 for a black 
globe). The empirical derived parameter 

 and the wind exponent ( ) 

convection coefficient ( ). 
Thorsson et al. (2007) reported a relatively 
small difference in accuracy between the 
globe thermometer method and the more 
complicated method based on integral 
radiation measurements and angular factor 
in estimating Tmrt [14]. The study also 
highlighted that, in exposed conditions, and 
when changes in radiation flux, air 
temperature and air speed are rapid over 
time, Tmrt can be estimated reasonably 
using 10 min mean globe temperature 
comparing to 5 min in shading condition. In 
this study, 15min mean air temperature, 
globe temperature and air speed data were 

used in calculating Tmrt, which should be 
able to cope with different settings 
 
3.3. Determination of Tmrt by the ENVI-

met modeling.  
The ENVI-met software models the 
microclimate, including the Tmrt in urban 
structures, and is based on a three 
dimensional computational fluid dynamic 
model and an energy balance model 
[15;16]. According to Huttner, S. 2012, the 
mean radiant temperature Tmrt is calculated 
for a cylindrical shaped body equation (2) 
[17]: 
 

- - (2) 
 
where the emission coefficient of the 

 as 
the absorption coefficient of the human 

is the Stefan Boltzmann constant, -  
and -  is the diffuse and direct 
incoming short wave radiation respectively. 
As the influence of the radiation of the 
ground decreases with increasing height; 
ENVI-met assumed that the incoming long 
wave radiation  is originating as 50 % 
from the upper hemisphere (sky, buildings, 
and vegetation) and 50 % from the ground 
based on equation no (3): 
 

                                 (3)                                   
 
The view factors  give the percentage of 
vegetation/ buildings/ sky that can be seen 
from the specific grid point. The physical 
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correct approach would be to calculate the 
long wave radiation fluxes based on the 
average emissivity  and temperature of 
all plants/ building surfaces within view 
[17]. The incoming long wave radiation 
from the sky Qlw;sky is calculated based on 
the air temperature, air humidity and some 
empirical parameters [18]. For long wave 
radiations coming from the ground only the 
emissivity and surface temperature of the 
grid corresponding grid cell are taken into 
account. 
The diffuse incoming short wave radiation 

 is derived from equation (4) 
accordingly: 
 

                              (4) 
 
With (rf) as the reflectivity and 

as the overall shortwave 
radiation at the ground surface of the 
corresponding grid cell. The incoming 
direct short wave radiation -  is 
calculated as the direct short wave radiation 
within the grid cell multiplying with an 
projection factor pf equation (5): 
 

-  = pf x - .                              (5)  
                        
This projection factor depends on the 

 equation (6): 
 

                     (6) 
                              

calculating Tmrt, ENVI-met simulated 
results provided a satisfactory agreement 
with measured data given the complexity of 
the urban environment when the projection 
factor (pf)  [19]. 
Therefore the availability of the 
atmospheric variables, temporal parameters 
(day of the year and time of the day) as well 
as the geographical location are essential 
for the software to calculate the Tmrt. In 

addition to, the meteorological parameters 
inputs (table 2).  
Table 2.  Main input data used for ENVI-met. 

PARAMETER VALUE 
Ta, air dry bulb 
temperature 

301.95 oK 

RH, relative humidity 59% 
V, wind speed 3.5 m/s at 10m height 
soil temperature 302 at (0-0.5m)   and 

299 at (0,5-2m) 
U value walls 1.7 
U value roofs 2.2 
Albedo walls 0.4 
Albedo roofs 0.15 

 
4. Results Analysis 
According to the in situ measurements, the 
26th of June 2012 was a clear, hot and calm 
summer day, with a daily mean air 
temperature of 29.3 °C (maximum 36.1 °C) 

sun rose at 4:56 a.m. and set at 7:00 p.m. 
The solar elevation reached its maximum of 
83.28 at 1:00.  
Table 3. The observed in situ values used in 
equation 1 and the shaded column is for the (Tmrt) 
estimated from the globe temperature  
TIME Tmrt (°C  (°C) (ms) 
6:00 28.3 26.68 25.91 0.2 
7:00 33.1 28.72 26.62 0.2 
8:00 34.6 29.19 27.15 0.3 
9:00 38.4 31 28.9 0.5 
10:00 42.9 33.79 31.14 0.5 
11:00 44.3 35.37 33 0.6 
12:00 43.5 37.1 34.89 0.4 
13:00 47.5 37.9 35.32 0.7 
14:00 50.8 38.2 35.6 1 
15:00 53.15 39.6 36.57 0.9 
16:00 47.2 38.8 36.69 0.7 
17:00 45.1 37.1 35.52 1 
18:00 41 35.9 34.68 0.7 
19:00 38.4 34.2 33.18 0.7 
20:00 37 32.78 31.68 0.6 
21:00 35.2 31.6 30.46 0.4 
22:00 31.6 29.35 29.2 0.7 
23:00 25.5 27.75 28.21 0.8 
 
4.1. The Renovated part of the alley 
Figure 4 shows the Tmrt calculated for the 
renovated part  using the 152 mm flat black 
globe thermometer Tmrt (globe) as method 
A and the ENVI-met modelling Tmrt 
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(ENVI-met) as method B, along with 
measured values of (Ta) air temperature 
and (Tg) globe temperature. The mean 
radiant temperatures calculated from the 
globe thermometers had to be recalculated 
to diminish the wind factor and the 
diameter of the globe according to equation 
no. 1 with the observed in situ values in 
table 3. As shown in figure 4, the Tmrt 
(globe) reached their highest values in the 
early noon until the afternoon, between 
11:00 and 16:00, these were 44.3 °C and 
45.1 °C respectively, with 53.15 oC as the 
peak value at 15:00. on the other side, the 
Tmrt (ENVI-met) reached its highest values 
almost in the same time as the previous 
method starting from 11:00 with 47 °C 
reaching the peak at 3 p.m with 56 oC and 
48.5 oC at 16:00. Tmrt (globe) and Tmrt 
(ENVI-met) are about 19.5 and 16.6 °C 
respectively higher than Ta at the time of 
their maximum, till the sunset, when both 
Tmrt (globe) and Tmrt (ENVI-met) were 
dramatically fall down to almost reach the 
Ta and Tg values as the difference varies 
between 1 °C to 8 °C.  

 
Fig.4. the Tmrt of the renovated part at 26 June,12 

 
Fig.5. the Tmrt of the non-renovated part at 26 

June,12 

4.2. The non-renovated part of the alley 
For the non-renovated part the ENVI-met 
simulation for the Tmrt values during the 
direct solar irradiation hours between 9:00 
till 13:00 were irrelevant, compared to the 
observed ones under shading condition. 
This may attribute mainly to three reasons 
(figure 5). First of all, if the sensor of the 
globe thermometer gets shaded the mean 
radiant temperature drops immediately due 
to the decrease in short wave radiation as it 
can goes down by 20oC degrees of the main 
radiant temperature [20]. This is the case in 
some places of the non-renovated part 
which are covered or further protected from 
the sun with trellis, cloth and awnings as 
shown in figure 6. This also gives a good 
explanation for the suddenly decline in the 
Tmrt (globe) and Tmrt (ENVI-met) after 
the sunset to become closer in value to Ta 
and Tg. The second reason that ENVI-met 

modeling 
under such case of shading conditions. 
Therefore, the modeling calculations are 
overestimated as it built its assumptions 
ignoring the shading tents, having a 
complete spectrum of solar radiation that 
explains the big difference between the 
Tmrt simulated by the ENVI-met and the 
sheltered Tmrt (globe). Furthermore the 
material heat storage is not taking into 
account during the simulation, where the 
heat stored in the building and transferred 
through walls and roof is calculated by 
conducting U-values, while in real cases, 
each material has its own thermal properties 
expressed by thermal admittance 
 
µ= (KC) 0.5                                              (7) 
 
where (K) represents the thermal 
conductivity and (C) represents the heat 
capacity, therefore the lack of heat storage 
in the ENVI-met leads to overestimated the 
long wave radiation emitted by walls in the 
daytime and underestimated by night where 
no heat can be released after sunset 
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Fig.6. occupants' adaptation with the climate in the 

non-renovated part of Al Muizz  
 

4.3. ENVI-met micro-scale climatic map 
"In order to evaluate the importance of 
modifying the outdoor climate in a 
particular direction by specific design 
details it would be helpful if the designer 

effect of a particular change in a climatic 
element on the comfort of persons staying 
outdoor." [21]. The same measurement 
parameters used to calculate the Tmrt were 
used as an input data for the ENVI-met 
modelling to produce a micro-scale climatic 
map for the same day (26th of June 2012) 
and also used to compare and validate the 
ENVI-met simulation output which showed 
a quite well consistency with the site 
measurements as shown in figure 7. 

 
Fig.7. the air temperature generated by ENVI-met 

compared by the site measurement 
Figure 8, shows the ENVI-met models for 
the spatial pattern of mean radiant 
temperature (daily average measured at 1.2 
m height). In the view of global climate 
change and the mitigation of the urban heat 
island the models show specific areas with 
high mean radiant temperature where action 
is needed. However, the non-renovated part 
of the alley revealed reductions in the 
whole neighbourhood pedestrian comfort 
records. This owed to several reasons, 

where the higher aspect ratio (H/W) and 
different street geometry causes less direct 
solar radiation to enter the alley and 
generally leads to lower Tmrt values 
throughout the most of the day. In addition 
to increasing the albedo of the ground 
surface within the non-renovated part, as it 
is mix between the basalt and road bare 
ground against the basalt and granite of the 
renovated one with lower albedo value. 
This leads to strong solar irradiation in the 
renovated part compared to the non-
renovated one that strongly influence the 
Tmrt where it reached its maximum to 56 
oC against 53 oC in the non-renovated one 
(figure 9,10). 
 
5. Conclusion 
In this paper, the problem of bioclimatic 
design of a restoration intervention has 
been considered for two different urban 
settings in order to evaluate the 
effectiveness of different design choices in 
arid climates. AL Muizz alley in Cairo, 
Egypt, represents a type of climate typical 
of many urban areas in developing 
countries. Several investigative techniques 
have been applied and compared. 
Methodology composed of four steps; first, 
in situ measurements for each part of the 
alley including the main meteorological 
parameters and the globe temperature. 
Second, determination of the Tmrt by using 
the globe thermometer theory explained by 
Kuehn et al. (1970) [11] as method A and 
the ENVI-met Tmrt Modelling as method 
B.  Third, urban climate conditions of each 
case is simulated to have meteorological 
plots at the same certain points of the site 
measurements. Finally, average outdoor 
meteorology for each case are measured 
and compared with the ENVI-met receptors 
outputs, resulting in an overall acceptable 
agreement of the model performance. The 
conclusions of the analysis presented herein 
are summarized as follows: 
1. Measurements and modelling of the 

outdoor thermal conditions has to be 
seen as a tool for urban planning and 
mitigation of a global climate change 
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2. The results obtained provide some 
problematic areas (UHI) concerning 
pedestrian's thermal comfort even after 
the restoration project, which need to be 
studied and avoided in the future. 
Therefore, in any planning process, or 
architectural intervention spatial 
distribution maps for microclimate 
conditions should be presented before 
construction. 

3. It is concluded that more than 10oC of 
the mean radiant temperature and the 
globe temperature have been reduced in 
some areas of the non-renovated parts 
during the hours of severe thermal stress. 
These reductions open the door for more 
investigations for better thermal comfort 
improvements. 

4. The methodology described may 
contribute in developing guide-lines and 
standards for retrofitting open public 

spaces especially in the other part of the 
alley. 

5. ENVI-met estimation for the Tmrt is in a 
good approximation as mentioned by 
Toudert, F., and Mayer, H. (2006), and 
that cope with the work of Thorsson et al 
(2007) and the heat balance equation for 
a surface in an urban canyon which is 
solved using the work of Kurn et al 
(1994) [22;23]. 

6. The present study indicate that despite 
its simplicity the ENVI-met works rather 
well in different outdoor settings, 
especially during mid-days, hence it can 
be used to determine the Tmrt. However, 
the incapability of ENVI-met in 
modelling the Tmrt under shading 
conditions and its lack of heat storage 
should be taken into account in further 
studies

 
fig.8. the spatial pattern of the Mean Radiant Temperature (Tmrt) for the 26th of June2012 by Envi-met 
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Fig. 9. the ENVI-met simulated Tmrt for both parts 
 

 
Fig. 10. the H/Wand different urban geometry 

between the two parts 
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Abstract: Environmental and urban degradation in informal areas is one main indicator of the quality of life in 
those areas. It affects not only the physical appearance of those areas but also the health situation of its 
inhabitants. The most significant indicator of this urban environmental degradation is the garbage found in 
streets, pathways, vacant spaces...etc. Since people tend to burn it in order to get rid of its annoying smell, 
especially the organic wastes, an action research was inevitable to be tackled. Building trust with the local 
community in those areas in order to start awareness-raising campaigns was identified as a pleasurable route to 
reach win-win results for them.  
This paper is based on a research conducted by the authors as part of a core module course looking at Integrated 
Analysis and Strategic Solutions for real practical situations. The aim of this paper is to discuss a low-cost 
biogas model as an approach to solve the organic waste problem in informal areas while also saving  the locals 
part of their income they are in serious need for. 
Studying the area of Ezbet Al-Nasr, Basateen district, Cairo, was part of the Integrated Case Study Core Module 
course. The area was investigated through; site observations, street talks, interviews and questionnaires. Then an 
initial plan was designed to solve the problem of the organic wastes. The authors followed a participatory 
planning approach to adjust the initial plan through building a network between the local community, interested 
NGOs and experts in the field of recycling organic wastes. The process ended up with the implementation of five 
biogas units in Ezbet Al-Nasr area. 
 
Keywords: Biogas unit, Organic waste, Informal area. 

1. Introduction 

Despite people living in informal areas the 
basic means to life, this does not give an 
indicator of the quality of life in those 
areas. People living in those areas are 
seeking means for wellbeing, which puts 
the urban degradation in the top list of their 
suffering problems. Environmental and 
urban degradation in those areas has 
become an indicator of its quality of life. It 
affects not only the physical appearance but 
also the health situation of its inhabitants. 
The most significant indicator of this urban 
environmental degradation is the garbage 
found in streets, pathways, vacant 
spaces...etc. 

1.1. Garbage and informal areas (The 
problem) 

Informal areas in Egypt are facing 
hazardous problems caused by the massive 
amounts of garbage found everywhere.  
These problems do not stop only at the 
aesthetical appearance of the area, but 
exceeds it to health problems resulted from 
the environmental pollution. In Ezbet Al-
Nasr Basateen district, Cairo _ Ezbet Al-
Nasr is an informal area, has developed 
since the late 70th as a consequence of the 
rural-urban migration. The area developed 
on a state-owned land originally planned to 
be an industrial area. Nowadays, its 60,000 
inhabitants are living on 33hectars in 
informal housing [1] _ e.g. Fig.(01). This 
area is the focus of this research paper; _ 
garbage is found almost everywhere, e.g. 
Fig. (02,03)_ This research is based on a 
research work conducted by the authors as 
a part of the core module course Integrated 
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Case Study of the M.Sc. IUSD (Integrated 
Urbanism and Sustainable Design) at Ain 
Shams University, Sep. 2012/Feb.2013, and 
supervised by Asso. Prof. Mohamed 
Salheen and Dr. Marwa Dabaeih. 

 

Fig.(01): Ezbet Al-Nasr location (Based on Google 
earth, 2013) 

The government did not collect wastes from 
the area on regular basis [1]. Those massive 
amounts of garbage are a result of an 
oblivious behavior from the local 
community as well as external wastes from 
neighboring areas which are being thrown 
on the streets near the backward dump site 
[1]. These recurrent acts stretch the 
situation in the area to an exaggerated level. 
And in some cases, as observed during site 
visits, garbage and wastes are treated by 
being burned, e.g. Fig.(04). 

Fig.(02): Garbage can be found in passageways in 
Ezbet Al-Nasr (by: Lisa Deister, IUSD 2012) 

Fig.(03): Map of a preliminary identification of 
waste hazardous areas [1] 

Fig.(04): Getting rid 
from garbage by burning 
it in Ezbet Al-Nasr (by: 
Pia Lorenz, IUSD 2012) 

This attitude made 
the situation even 
worse with the 
smoke and smell 
which are 
continuously 
causing several 
health problems; 
especially for the 
people who are 
living in proximity 
to the densest 
locations. 

1.2. Rethinking the garbage problem 
Yet, as observed in Ezbet Al-Nasr many 
people have already established a garbage-
related business, through which they 

or recyclable) garbage, such as: metal, 
plastic, cartoons, glasses, ..etc., e.g. 
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Fig.(05), and sell them to the wholesalers, 
who by their turn sell them eventually to 
some specialized factories for further 
processing, [1].  

Fig.(05): A process of garbage sorting is already 
existing in Ezbet Al-Nasr [1]  
 

It is obvious that the huge amount of left-
over garbage in Ezbet Al-Nasr is causing 
physical problems as a result of the direct 
exposure to the pathogenic germs of the 
organic wastes left. The aim of this paper is 
to discuss a low-cost biogas model as an 
approach to solve the organic waste 
problem in informal areas. Since, people in 
Ezbet Al-Nasr are generally, a low-income 
community that is seeking means for 
wellbeing and more comfortable 
circumstances. An action research that 
focuses mainly on tackling the organic 
waste problem is highly needed, in order to 
discuss means for improving the urban 
environmental quality in those areas. 

Based on that, the researchers claim that 
introducing low-cost Biogas units in 
informal areas, such as; Ezbet Al-Nasr, will 
help in improving the urban environmental 
quality in the areas resulting in a win-win 
situation for the local community. 

2. Methodology 

The researchers followed a case study 
methodology as part of the core master`s 
module, Integrated Case Study_ 
INT_696/7_Integrated Case Study: Is the 
title of the core module studied as part of 
the master`s Integrated Urbanism and 

Sustainable Design, at the third semester, 
2012/13, at Ain-Shams University_ This 
case study methodology entailed several 
methods for data gathering and survey tools 
during the research with its two phases. The 
first explanatory phase was conducted in 
respective modes using different survey 
methods for data gathering, while the 
exploratory phase comprised the 
participatory action research. 

2.1. Spotting light on the main issues 
(The explanatory Phase) 

The research started with the explanatory 
phase which comprised a comprehensive 
study on the area of Ezbet AI-Nasr. This 
phase was performed by the 21 students of 
the M.Sc. IUSD (2011\13), e.g. Fig.(06). 
This first phase of the study focused on six 
main axes of the study with reference to the 
stakeholders involved into each one of them 
and the cross-cutting issues between them. 
These main axes are: 1) Basic urban 
services, 2) Local economic development, 
3) Land and shelter, 4) Governance, 5) 
Environment, and 6) Vulnerability. During 
this phase different methods for data 
gathering through field survey were 
performed; starting from site observation 
and investigation, e.g. Fig. (07), street talks, 
interviews and informal talks with the local 
community and structured interviews with 
local authorities. Along with the data 
gathered from previous research conducted 
in the same area. 
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Fig.(06): IUSD students in a discussion process, 
IUSD studio, ASU, Oct. 2012.( by: Franziska Laue, 
IUSD 2012)

Fig.(07): IUSD students on a site-visit in Ezbet Al-
Nasr, (by: Mohamed Salheen, Sep. 2012). 

Based on the analysis, results and findings 
of the first phase, seven issues of 
importance found to be in need of 
inevitable solutions _ These seven issues 
are 1)Roof gardens and constructed 
wetlands, 2)Developing tenure policy 
option, 3)Local production exhibition, 
4)Quality and demand of labor force, 
5)Upgrading of building envelope and 
structure, 6)Local think-tank consultancy 
unit, and 7)Improving streetscape [1]_ 
However, because the number of students is 
limited and the time frame to work on these 
issues is confined by two and a half months 
(according to the course limitations, 
structure and timeframe); four focused 
issues were chosen through a voting 
process among the students _ The four 
selected focused interventions are: 
1)Developing tenure policy for Mazarita 
area, 2) Local production exhibition, 3) 
Trash becomes Cash, and, 4) Improving 

streetscape at the school complex [1]_ 
Solving the garbage problem of Ezbet Al-
Nasr was the aim of one of these four 
elected issues. 

2.2. Finding out a solution for the 
garbage problem 

Eventually, the research to find a feasible 
solution for the garbage problem in Ezbet 
Al-Nasr was based on the key findings of 
the two axes; local economic development 
and the environment, which had been 
studied at the earlier research phase. In 
addition to that the authors conducted a 
thorough research on NGOs, associations 
and even individuals who have experience 
in waste-related actions sorting, recycling, 
etc.) and interests in environmental issues. 
Some of these bodies were dealing with 
recycling organic wastes, others were 
specialized in recycling the electronic 
wastes or focusing on art-works made of 
sorted materials. After introducing the aim 
of the work through telephone calls with 
these selected NGOs, several meetings 
were held in order to get introduced to these 
different bodies. In addition to explain the 
area`s garbage problem and try to find out 
feasible solutions. 

2.2.1. Obstacles, limitations and 
challenges 

Although the authors worked to develop a 
comprehensive plan for raising awareness 
and participatory waste management in 
Ezbet Al-Nasr, the implementation of the 
action research faced many conditions 
which were inevitable to avoid. Starting 
from the timeframe confined by the 
structure of the academic course, to some 
other limitations related to execution 
conditions; such as: administrative 
obstacles (getting permissions, etc.), the 
necessity to build trust with the local 
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community and ensure that they will get 
benefit from this process, difficulties of 
bringing several NGOs together (mediating 
and clash reducing, problem of 
co  cultural sensitivity of 
the conservative community of Ezbet Al-
Nasr, and finally delays related to the 
political situation_ End of November and 
mid- December 2012.  

All the previously mentioned issues beside 
the lack of time to tackle all kind of wastes 
on site worked as a pushing force for the 
authors to rethink the scope of research 
accordingly. 

2.2.2. Narrowing down the scope of work 
During field visits; observations and several 
informal talks with the local community in 
Ezbet Al-Nasr, it was obvious that organic 
waste is an issue with great priority to start 
an organic-waste-related action research. 
As previously mentioned, waste collectors 
collect materials that would be beneficial 
for them, except for wastes that can be 
burnt or left to be rotten. However, in both 
cases health problems and bad smell are 
caused by the organic wastes left, e.g. Fig. 
(08). This is the reason to try to find out an 
inexpensive and feasible solution to tackle 
the organic waste problem in Ezbet Al-
Nasr. 

Fig.(08): Organic waste is the only left type of 
wastes in the streets 

Through the several meetings and talks 
with the concerned NGOs, associations and 
individuals, the idea of a low-cost biogas 
digester was revealed. This biogas digester 
is  concept, 
known as the Indian digester [2]. Few 
people started already implementing it in 
their own houses as individual initiatives in 
other areas [3], which seemed to be feasible 
and suitable solution for Ezbet Al-Nasr. 

2.3. Networking and action research 
(The exploratory phase) 

Since the scope of the action research is 
reduced, the communicated associations 
and NGOs were determined and confined. 
A network connecting; biogas technicians, 
interested NGOs, environmental activists 
and local community, e.g. Fig. (09, 10), was 
established in order to participatory discuss 
the biogas idea`s possibility, feasibility, and 
returned benefits to the local community. In 
this process the researchers take over the 
role of the coordinators; between the local 
community, biogas technicians and NGOs. 

During this phase the researchers worked 
on amending an initial action research plan, 
concerned with the distribution of the first 
biogas units and the structure of the raising 
awareness events at the area. This plan was 
designed by the researchers themselves 
according to a theoretical study on the area. 
Later it was amended according to the 
discussions with the biogas technicians and 
NGOs during the networking meetings and 
through the random direct interaction with 
the local community with accordance to the 
site situation. 
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Fig. (09): Networking meeting, the biogas 
technician is introducing the biogas concept to Al-
Misbah Al-Mudii NGO representative 

Fig.(10): Networking meeting, one of the 
researchers with a biogas technician and an 
environmental activist introducing the biogas idea to 
them 

2.3.1. Approaching the local community 
For around two weeks before the 
implementation or the installation of the 
first biogas units, the researchers held many 
informal meetings with the local 
community on the streets and at house 
doors, e.g. Fig. (11, 12). These informal 
meetings helped a lot in shaping the work 
by understanding the needs of the 
community and observing the reaction of 
the people towards such an intervention in 
their neighborhood. 

Fig.(11): Informal street-talks with the local 
community 

Fig.(12): More informal talks with the local 
community at house doors 

 

2.3.2. Raising awareness 
Approaching the local community to pay 
their attention to the importance of the 

specifically 
referring to the organic wastes, was an 
important step to push the action research 
forward.  

Therefore, the process of raising the 
awareness started informally to take place 
parallel with the informal visits, meetings 
and street-talks. Subsequently, and while 
installing the first biogas units on selected 
houses in the area, the team organized a 
structured session to bring together local 
residents and to introduce the idea to them, 
in a more formal way.  

This first structured awareness event_ The 
raising awareness session was held on the 
18th December 2012 and was entitled 
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_ 
was semi-closed in a local NGO place_ 
Plan International_, mainly including 
representatives from the involved NGO, the 
two biogas technicians, the researchers and 
the selected candidates (for the installation) 
from the community along with the invited 
locals, e.g. Fig. (13). This was for the sake 
of administrative and security limitations 
and also to fasten up the process. 

 

Fig.(13): Many females are attending the awareness 
session in Ezbet Al-Nasr 
 
3. Results 

This research ended up with significant 
results which helped in formulating a better 
understanding of the garbage problem in 
Ezbet Al-Nasr and its potential possible and 
feasible solutions. As a result of the 
research process, the area`s problem is 
focused and the needs and demands of the 
local community, who are looking for a 
better quality of life, are defined. During 
the first explanatory phase, the research 
helped in documenting a preliminary list of 
the national NGOs interested in the field of 
waste recycling. This preliminary list 
included information about each NGO`s 
contacts, location, specialization and 
potential possible support for Ezbet Al-Nasr 
area, e.g. Table (01). In addition to that, the 
structured interviews and meetings with the 
NGOs demonstrated the small initiatives 
that few people started in their homes, of 

using the low-cost biogas unit as a 
supporter to their need for gas besides 
making a use of their household wastes [3].  

Table (01):Sample of the preliminary list of the 
national NGOs interested in the field of waste 
recycling 

Nevertheless, the network the researchers 
succeeded to build between the interested 
NGO_ Al-Misbah Al-Mudii is a wide 
ranged NGO based in Nasr city and 
working in several domains (charity, 
recycling, creating job opportunities, 
cleanliness campaigns...etc.). It got 
interested in the action research project 
and offered a financial support_, the biogas 
technicians, environmental activists and the 
local community of Ezbet Al-Nasr, and 
during the exploratory action research 
phase, worked as the kinetic force to push 
the action research forward during the 
implementation process. Subsequently, it 
will be the backbone for the continuation 
and sustainability of the project. In addition 
to that and as a result of the recurrent visits 
and informal talks with the local 
community in Ezbet Al-Nasr and the 
organized raising awareness session, the 
community became more aware of the 
importance and value of the waste they 
threw away. All of these processes ended 
up with the implementation of five biogas 
sample units as a first phase of the action 
research in the area. The five units were 
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chosen to be dispersed through the whole 
area, as much as possible. 

3.1. The biogas unit  
Biogas is considered to be a renewable 
energy source, which does not require high 
technologies to transform the organic waste 
materials into the biogas itself, and is 
performed through a biodegradable process 
[4]. Biogas is an environmentally friendly 
gas has a higher percentage of methane gas 
(55-65%) with various percentages of 
carbon dioxide, nitrogen and hydrogen [4]. 
Since the methane gas is flammable, it is 
considered to be a source of energy for 
heating and cooking purposes [5]. Through 
the low-cost biogas unit, e.g. Fig. (14), one 
can make use of the organic wastes, e.g. 
kitchen leftovers, to produce the biogas 
which, eventually, can be directly 
connected to a large jet opening and a slow 
single flame to use it for cooking purposes 
in the home kitchen. 

Fig.(14): Schematic cross section showing the 
applied low-cost biogas unit in Ezbet Al-Nasr 
(developed by authors based on the site 
implementation, Dec. 2012) 

 
4. Discussion and Conclusion 

Wide spreading the idea of the low-cost 
biogas units on the buildings` rooftops in 
Ezbet Al-Nasr, will work as win-win 
solution for the community and the area`s 
garbage problem. The main purpose for 

setting the biogas units as a solution is not 
only to improve the urban environmental 
quality, through dealing with the organic 
wastes to solve an environmental, health 
and visual problems, e.g. Fig. (15) but also 
to provide additional support for the locals` 
income. Consequently, other benefits are 
achieved by achieving the latter main 
purpose; 1) promoting for the win-win 
situation of recycling the organic wastes, 2) 
Assuring the households participation in the 
cleanness of their neighborhood, 3) Raising 
awareness of the local community on the 
importance of recycling, and 4) Set 
connections between the local community, 
activists and NGOs working in the field of 
recycling. 

 
Fig.(15): Graphical representation of benefits from 
the solving the problem by implementing the project 
 
Thereupon, the area will get rid of its 
harmful and unhealthy environment caused 
by burning or the rotting of the organic 
wastes. At the same time, it will save part 
of the households` income spent on buying 
gas cylinders, which in turn will save them 
gas at its shortage periods. 

Although the gas provided by this method 
is limited to serve no more than 3-4 hours 
per day (2 hours in winter time), for a tank 
of 1000 litter size_ As said by Mr. Hussein 
Farag who is a biogas technical expert 
helped in installing the low-cost self-built 
biogas units for the action research. He 
started to work in this field not less than 
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five years ago with the people who were 
known widely of their first initiative idea of 
implementing the unit on their rooftops; in 
El-Darb Al-Ahmar and Zabaleen districts. 
He also has his biogas unit on the rooftop 
of his house and is using it for more than 
four years_ These few hours will be of 
great support for Ezbet Al-Nasr local 
community where they are not connected to 
natural gas network_ As observed during 
the site visits_, and cannot afford being 
exploited each time they buy a gas cylinder 
besides the recurrent gas cylinder shortages, 
which put its price in unstable situation. 

 

4.1. The economic return of the biogas 
unit 

Wide spreading the low-cost biogas idea 
will not only support in solving the urban 
degradation problem and improving the 
urban quality, but also has an economic 
return. The cost of the materials required 
for installing one biogas unit (the example 
applied during the action research, e.g. Fig. 
(14)) is around 1250 EGP_ As applied in 
Ezbet Al-Nasr, December 2012. It includes 
the needed single flame cooker and a 
kitchen blender (to blend the organic 
wastes before adding to the unit), besides 
the salary required for the biogas 
technicians_ As found out through 
distributing questionnaires among 18 
inhabitants from the area, the average daily 
usage of natural gas in their kitchens is 
around 150 minutes, while, for the most of 
them, they use an average of almost two 
cylinders or less per month. This cylinder, 
regardless the instability of its price, costs 
around 15 EGP_ Questionnaire result, Dec. 
2013, added is the additional costs needed 
to transfer the gas cylinder to the area. 

In a simple calculation, it can be recognized 
that each gas cylinder produces around 38 
hours of fire, while they use double loaded 
flame, if a continues usage. While the 
suggested biogas unit produces in summer 
around 3-4 hours of gas daily, as mentioned 
before, on a single flame cooker; however 
the biodegradable process becomes slower 
in winter time, because of the positive 
relationship between this process and 
temperature; according to the limited range 
of temperature which the bacteria are active 
in, at 25oC 40oC, [4]. Thus, this biogas 
unit can save 80% of the amount consumed 
by each household per month (as an 
average for summer and winter). This 
means it saves around 24 EGP per month 
(or more, at the gas cylinder shortage 
occasions), on these bases the household 
can start making a positive saving in a span 
of 52 months (4 years and 4 months). 
Despite it is such a long time for the low-
income communities, but must not to ignore 
the intended aim of this double benefit 
process, which is cleaning the area from the 
main source of health, environment and 
visual problem. It is important also to 
mention that the leak liquid, from its left-
over hole, is a perfect rich fertilizer for any 
agricultural or gardening activity [4] which 
can take place on the rooftops of their 
houses. 

4.2. Insight on the action research plan 
During the action research phase and 
through the establish network, a 
participatory amendments were possible to 
be performed on the preliminary proposed 
plan for the implementation of the biogas 
units and the awareness events. These 
amendments varied; first on the concept of 
distributing the biogas units in its different 
phases, by widely disperse the units on the 
whole area rather than focusing onto zone 
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processing. Second, the criteria to perform 
the first awareness actions through posters 
and brochures, which proved to be not an 
effective way, and finally to arrange the 
first awareness session in a form of a semi-
public event and instead put more efforts on 
the informal meetings and street talks. 

4.3. Insight on the proposed solution 
 However, with the first steps of realizing 
the project other problems started to appear, 
with the selected and already 
communicated candidates. Part of these 
problems was due to distrustful reactions, 
lack of commitment, or due to ethical and 
altruism reasons_ Part of them felt, they can 
afford the units by themselves while many 
others are in real need to it more than 
them. However, they did not show that until 
the last minutes before the implementation_ 
The other part was for technical reasons 
related to the unsuitability of the 
construction situations of some buildings. 
This clarified that a wider implementation 
for the biogas unit will be limited to some 
conditions which have to be carefully 
thought of. These conditions ranged and not 
limited to; 1) The type of the roof 
construction which in some cases it is a 
timber construction or light trellis and 
cannot resist the full tanks load, 2) In some 
cases and because of a higher surrounding 
buildings, there is no direct sun light 
accessibility; 3) Other on-site execution 
difficulties; e.g. the access exist to the 
rooftop is ladder, 4) The functional 
organization of the apartment; e.g. the 
rooftop is not in direct connection to the 
kitchen`s location that needs long tubing, 
which were not convenient in some cases, 
and 5) The near future plans to build an 
additional floor, which might not be a 
problem in general, but in this case because 
the time was limited and there were no 

flexible possibilities to change the unit 
position in the short span. 

 In addition to that, other limitations might 
face the wider implementation of the idea. 
As previously mentioned, the slower 
biodegradable process in winter might 
cause a decrease in the biogas production 
rate, which usually is the critical period for 
the gas cylinder shortage in Egypt. The 
biogas unit concept might be also an idea 
with a new culture for the community to 
handle and sustain dealing with it, which 
should be wisely introduced and needs 
great efforts to adapt the community to 
work with it. In this concern it is worth 
mentioning that, the awareness session 
came in a later stage when the community 
trusted in researchers' seriousness; after the 
initiation of installing the first biogas units. 
This came as a result of the problem with 
the community trust which the researchers 
intuit implicitly during the initial informal 
meetings with the local community of 
Ezbet Al-Nasr. 

Other positive points were put into 
consideration when choosing the first five 
samples; that those who are growing 
livestock or having a suitable roof for future 
gardening, have had a priority in the 
selection. Since the community in Ezbet Al-
Nasr is rooted from either Upper of Lower 
Egypt, they are still conserving their habit 
of growing different kinds of species in 
their homes; such as: chickens, ducks, 
pigeons, rabbits, goats, sheeps and, in some 
cases, cows and camels. 

Yet, building on the above discussion the 
biogas unit would be a good solution for the 
urban degradation problem in informal 
areas, especially in Cairo. Which will help 
in, a way, reducing the effects of the urban 
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degradation as a major problem in informal 
areas, additionally, trying to find a way for 
a better quality of life for those 
communities. This research opens the doors 
for further researches on the same topic 
seeking for a better urban environmental 
quality in informal areas, and at the same 
time, seeking to achieve a win-win solution 
for those communities, which guarantee 
double benefits for them. 
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Improve the Thermal Performance of Streets through the Best Use of 
Shading 
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Abstract 

Streets and paths leading to the buildings are considered as main axes of movement within the 
urban which should provide thermal comfort to the pedestrians. 
Since controlling the environment heat outside buildings in those tracks is difficult, many 
researchs resort to try dealling with them through the study of different street orientation and 
street section ratio and its impact on the temperature in order to reduce or minimize the 
amount of the direct solar radiation exposure, in addition to study the patterns for shading in 
streets and its impact on lowering the temperature. 
This research focuses on estimating the best shading places in the streets and the paths of 
movement to achieve the lowest direct solar radiation exposure and hence the lowest 
temperature according to street orientation and section ratio. This is to choose the most 
appropriate place for shading elements. The best type of shading material (trees, wood or 
metal, etc.) are also chosen by analyzing the direct solar radiation passing through it and the 
thermal comfort under it. 
This paper employs computer programs to estimate the shading for paths and the effect of 
different positions of shading elements on the thermal comfort. This study is conducted in the 
main street of the campus of Tanta University in Sebarbay, Tanta. The amount and pattern of 
necessary shading elements for improving thermal performance and hence thermal comfort 
for pedestrians are then deduced. 
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Codifying Legislation Governing Urban Environments in Order to Achieve 
Sustainability in Waste Recycling 

Ingy Ibrahim El-Darwish 1                 Neveen Youssef  Azmy2 

1,2 Department of Architecture, Faculty of Engineering, Tanta University, Egypt.
Email: eldarwishi@yahoo.com, neveenazmy@hotmail.com

Abstract: The provision of a healthy environment with the foundations of sustainable fundamentals is a 
necessity for providing a clean urban environment. Design of sustainable buildings helps in recycling waste, 
reduces pollution, and provides a healthy society. In addition, they can help in providing energy-saving 
alternatives to consolidate the principles of sustainability. The poor community awareness and the absence of 
laws and legislation in Egypt for waste management have led to inability to provide an integrated system for 
waste management in urban and rural areas. Many problems and environmental challenges face the Egyptian 
urban environments.  First, is the lack of an integrated vision for waste collection and recycling for energy-
saving usage. Second, is the lack of long-term and short-term plan for waste management. Third, is the lack of 
coordination and poor effective communication between the competent authorities in the field of environmental 
protection. Bad practices have adversely affected the efficiency of environmental management systems due to 
lack of urban legislations that codify collection and recycling of residential communities in Egyptian urban 
environments. Hence, this research tries to legislate orderly mechanisms for waste collection and classification 
within residential units and outside them in a preparation phase for recycling in the Egyptian urban 
environments. Also, in order to achieve foundations of sustainability and encourage the development of related 
industries to recycle waste for use in providing clean alternative energy sources. In order to achieve this goal, 
one of the Egyptian communities is analyzed and studied. Waste collection, classification, separation and access 
to recycling places in the urban city are proposed in preparation for a legislation ruling and regulating the 
process. Hence, sustainable principles are to be achieved. 
 
Keywords: Sustainability, Waste, Recycling. 

1. Introduction
Domestic solid waste is of importance 
because of its serious health hazardous 
effect on people. Egypt generates 13 
million tons per year of waste from which 
25% are of domestic solid waste. The city 
of Tanta generates 2700 tons daily from 
which 18 tons daily is of domestic solid 
waste [1]. Fig. 1. shows the distribution of 
the Egyptian Municipal Solid Waste 
Composition. Rapid rate of growth and 
increasing population is putting pressure on 
road networks and garbage collection 
pickup services. It also adversely affects 
public health and daily life of human 
beings. People want to avoid waste but it is 
imperative that they should manage to live 
neat and clean.  
Despite landfills and incineration methods 
recycling is an efficient and effective solid 
waste management system. If waste can be 
carefully monitored, regulated then 
managed it would be possible to alter the 
overall process as to generate lesser 

quantities of solid residential waste. This 
subject acquires an added significance in 
the context of high density residential zones 
such as those found in the city of Tanta. 
The main focus of this paper is to codify 
legislation to manage waste recycling 
whether for biological reprocessing or for 
anaerobic digestion (In absence of oxygen). 
For accomplishing this task the paper 
proposes a frame-work for assigning clearer 
tasks for local bodies as to engage in a more 
sustainable system of waste management to 
fulfill environmental benefits and goals. 
Fig.2. summarizes the research strategy 
followed in this paper. Efforts to spread 
awareness and good practices have to be 
further enforced by relevant legislation 
framework/system of integrated 
management to achieve mutual benefits to 
all groups of actions and parties involved in 
such a process. In other words 
responsibility and involvement of various 
governmental bodies or organizations as 
well as structured organizational manpower 
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can achieve a self-sustained long term 
goals.  

 
Fig. 1 Waste Management Hierarchy.

www.fourgreensteps.com

Fig. 2. Research strategy.
 
2. Urban Waste Management 
2.1. Urban Waste Concepts 
2.1.1. Waste
It is a pejorative term for unwanted 
material. The term can be described as 
subjective and inaccurate because waste to 
one person is not waste to another.  
 
2.1.2. Solid Waste 
Solid waste is a mobile/movable solid item 
arising from human activities, that is 
discarded as useless or unwanted and that 
has no positive value [2]. 

 
2.1.3. Waste Management
It is the collection, transport, processing or 
disposal, managing and monitoring of 
waste materials. Fig. 3. 

 
Fig. 3. Waste Management – Think Green Affair

Agency
www.fourgreensteps.com

2.1.4. Waste Hierarchy 
The waste hierarchy refers to the �3 Rs� 
reduce, reuse and recycle, which classify 
waste management strategies according to 
their desirability in terms of waste 
minimization. 
 
2.2.Current Legislations
Local administrations are responsible for 
solid waste management in most of 
Egyptian cities except for Cairo and Giza. 
Those two cities have created bodies for 
cleanliness and upkeep in coordination with 
neighborhoods to take over in the hygiene 
and beauty of the cities. The main tasks of 
local initiatives are as follows: 
-  The implementation of the laws on 

hygiene. 
- Compilation and transfer of solid waste 

from the streets, and domestic waste or 
commercial waste from buildings. 

- Supervision and management of 
landfills. 

-  Give permits/licenses for the private 
sector to work in the areas of collection 
and transfer of garbage. 

- It is prohibited to recruit children under 
the age of 18 years in the process. 
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There are many laws and legislation 
governing the process of dealing with solid 
waste from these legislations starting by 
Law No. 38 of 1967 which regards hygiene 
and estimates waste collection pricing and 
collection methodologies from homes or 
different types of establishments, to Law 
No.4 of 1994 which is amended by Law 
No. 9 of 2009 to the protection of the 
environment. Law No. 9 of 2009 singled 
out a special section to deal with different 
types of solid waste though strengthened by 
the Egyptian Environmental Affairs 
Agency (EEAA) [3]. It is worth mentioning 
that this legislation needs to be amended 
where it suffers from some shortcomings 
with regard to the management process for 
dealing with solid waste for example 
Article (37) of the Egyptian Environmental 
Law includes only the following: 
 
- It is strictly prohibited to burn solid waste 

of garbage outdoors. 

- It is essential for solid waste collection, 
transfer, shredding, sorting and processing 
to take place in designated areas away 
from residential areas and industrial, 
agricultural and waterways. Execution 
regulations determine specifications for 
controls and minimum sizes of land 
allocated for these purposes. 

- Local administration units are committed 
in an agreement with the EEAA for the 
allocate of places for shredding, sorting 
and processing of solid waste garbage in 
accordance with the provisions of this law 
and its executive regulations. It is also 
committed to these units to allocate 
containers and places within cities and 
villages to collect solid waste garbage, 
transfer and determine the appropriate 
times to do so.  

- It is prohibited to dump solid waste 
garbage other than those containers and 
places allocated by local authorities and 
abide by organizers of the collection of 
solid waste garbage. Local authorities are 
also responsible for the transport in 

addition to the observation of cleanliness 
of containers used for collection and 
trucks used for moving the garbage. They 
are also responsible to keep containers 
covered tightly, put at appropriate 
intervals, quantities and capacities. 

 
2.3.Suggested Methods for Waste 

Handling and Transport 
2.3.1. Indoors
Domestic waste collection mechanisms can 
start by dwellers themselves. All residential 
buildings higher than 36 meters are to 
include two types of large diameter pipes 
one for organic waste and the other for dry 
inorganic waste discharge to the respective 
small waste store/tank located at the ground 
floor. These pipes are to be situated in 
kitchens. As applied in Bangladesh, waste 
puller/pusher recruited by Community 
Based Organization (CBO) [4]. In our case, 
dwellers themselves will collect these 
wastes from the store house once daily. 
Store houses are such build that wheeled 
waste bins can be placed below, open and 
get the waste to the bin and be manually 
carried to the plant. Fig. 4 and Fig. 5 can 
give a brief idea of how waste can be 
isolated and disposed. 

 

Fig.4. Ground Floor Plan of a Multiunit/
Multistoried Waste Isolation and Disposal

Arrangement from the Kitchen [4]
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Fig. 5.1stfloor Plan of a Multiunit Building with
Waste Isolation and Disposal Arrangement from the

Kitchen [4]
2.3.2. Outdoors
Domestic waste collection services are to 
be provided by local government 
authorities. The curbside collection method 
of disposal adopted by many countries such 
as Canada and others is recommended [4], 
whereby the city collects waste and/or 
recyclables and/or organics on a scheduled 
basis, so as to easily assemble the two types 
of organic and inorganic municipal 
domestic solid waste in two separate 
primary containers Fig. 6 [4] . Trash is then 
moved by separate trucks to secondary 
focal points. 

 

Fig. 6. Organic Waste Bin and Dry Waste Bin [4]

Charged for their waste markets, schools, 
restaurants, offices combined solid wastes 
are gathered at same secondary points but 
after undertaking gravitational setting, 

screening and hydro-mechanical shredding 
prior addition [5]. The gravitational setting, 
screening and hydro-mechanical shredding 
system is capable of sorting huge volumes 
of solid waste, salvaging recyclables and 
turning the rest into biogas and rich 
agriculture compost. This system is adopted 
in many countries such as Austria, Greece, 
Mexico & UK. This system can process up 
to 150 tons of garbage a day [6].  

3. Sustainable Process Methodologies 
3.1.Awareness

The process of education is important to 
activate the participation of society in the 
process of waste management. Hence, it is 
important to educate citizens and develop a 
sense of responsibility in addition to 
increasing awareness of the impact of waste 
on the environment and public health and 
energy production [7]. Problems resulting 
from the lack of community awareness can 
be translated as follows [8]: 

- Increase in the production of waste daily. 
- Composite waste output. 
- Trash bags to be thrown at all times. 
- Ignorance of the economic value of waste 

recycling. 
- The extent of contaminated water, air and 

soil from waste. 
- Lack of knowledge of the selection of 

purchases less polluting. 
- Lack of awareness of how energy savings 

of recycling recyclable materials instead 
of extracted from nature. 

The next part discusses means to foster 
community awareness. Four issues are to be
considered separately and conjointly:
3.1.1. Sorting from Source 
The awareness of citizens to modify the 
behavior of waste handling and sorting 
from the source in order to facilitate the 
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transfer and processing of waste could be 
achieved as follows: 
-  Separate containers are to be allocation 

with one organic waste and another with 
inorganic waste in every house. They are 
to be placed in the kitchen. 

-  The hazardous waste such as batteries, 
games, phones and computers, is placed in 
a closed plastic box and to be put in the 
inorganic containers. 

3.1.2. Community Awareness on Waste 
Dangers

One of the most important results of 
environmental awareness is to involve 
citizens in the process and to share the 
responsibility. This could be done by 
knowing the negative impact of 
environmental degradation on the citizen 
himself, his family, his neighborhood, his 
country and future generations to come. 
Spreading environmental information and 
culture can have a positive impact on 
citizens� behavior. Responsible actions 
towards the environment could results if 
following information is passed on: 
- Accumulation of trash leads to 

fermentation an aerobically by millions 
of micro-organisms as a result massive 
amounts of gases that pollute the air with 
bad smells.  

- Scavengers� accumulation of garbage 
sometimes exposing them to injuries and 
acute infections. 

3.1.3.  Reduction of the Outputs of the 
Solid Waste 

Municipal solid waste production varies 
from one region to another. They vary in 
terms of quantity depending on the 
characteristics and circumstances of the 
community, different consumption patterns, 
and behavioral patterns and also on income 
levels. Communities should be provided 
with consumer cultures that are sustainable. 
Some behavioral habits can be as follows: 
- Use glass containers instead of plastic 

due to the possibility of their use 
repeatedly. 

-  Use rechargeable batteries. 
- Recycle plastic shopping bags. 
-  Give away what we do not need from 

books, toys, and clothing to charity 
organizations. 

- Try to give away broken electrical 
appliance that can be fixed or give them 
to professionals that can dismantle them.  

 
3.1.4. Reaching all Target Groups for 

Awareness
It is important to address both public and 
private sectors to secure the means and 
modes for the delivery of all environmental 
awareness aspects to all segments of the 
society (females, males, children, elderly, 
students, households, teachers, decision 
makers, public sector officials and private).  
Among the most important problems that 
prevent access to all categories, are: 
- The lack of planning to reach all 

categories separately within a specific 
time schedule. 

- Refusal to accept some of the awareness 
ideas because of self-consistency among 
certain groups. 

- Training permits for environmental 
education in schools and official 
institutions. 

- Some powerful opposition parties can 
fight the process of environmental 
awareness due to their personal benefits. 
 

3.2. Recycling

Recycling a resource recovery practice 
refers to the collection and reuse of waste 
materials. The materials from which the 
items are made can be reprocessed into new 
products. The most common dry waste 
consumer products recycled include 
aluminum such as beverage cans, copper 
such as wire, polyethylene and PET bottles 
and jars, paperboard cartons, newspapers, 
and corrugated fiberboard boxed. PVC, 
LDPE, PP and PS are also recyclable. 
Recycled complex products such as 
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computers and electronic equipment require 
dismantling and separation before recycling 
Fig. 7. 

 

 

Fig. 7. Mix and Mingle Recycling
http://www.townandcountrydisposal.net/services/recycling

.htm

As for hazardous household wastes which 
include used and leftover household 
products that contain, corrosive, toxic, 
ignitable, or reactive constituents. 
Examples are medical waste, used oil, 
paints, cleaners, batteries, pesticides, and 
light bulbs/lamps. Since these contain 
potentially hazardous ingredients, improper 
disposal can lead to human health risks and 
environmental pollution. Proper and safe 
management of hazardous wastes is 
important in the collection, reuse, recycling, 
and disposal stages which are mostly 
facilitated by the municipalities or local 
governments in household hazardous waste 
regulations. 
 
3.3.Biological Reprocessing

Organic toxic materials such as 
contaminated plant material, food scraps 
and paper products can be recovered 
through compositing and digestion 
processes then decomposed to organic 
matter. The resulting organic material is 
then recycled as mulch or compost for 
agricultural or landscaping purposes. In 

addition, waste gas from the process (such 
as methane) can be captured and used for 
generating electricity and heat maximizing 
efficiencies. The intention of biological 
processing in waste management is to 
control and accelerate the natural process 
and decomposition of organic matter [8]. 

3.4.Anaerobic Digestion

The energy content of waste products can 
be harnessed directly by using them as a 
direct combustion fuel, or indirectly by 
processing them into another type of fuel. 
As in Germany [9] thermal treatment 
ranges from using waste as a fuel source for 
cooking or heating and use of gas fuel, to 
fuel for boilers to generate steam and 
electricity in a turbine. Pyrolysis and 
gasification are two related forms of 
thermal treatment where waste materials are 
heated to high temperatures with limited 
oxygen availability. 

The process usually occurs in a sealed 
vessel under high pressure. Pyrolysis of 
solid waste converts the material into solid, 
liquid and gas products Fig. 8. The liquid 
and gas can be burnt to produce energy or 
refined into other chemical products. The 
solid residue (char) can be further refined 
into products such as activated carbon. 
Gasification and advanced Plasma arc 
gasification are used to convert organic 
materials directly into a synthetic gas 
(syngas) composed of carbon monoxide and 
hydrogen. The gas is then burnt to produce 
electricity and steam. An alternative to 
pyrolysis is high temperature and pressure 
supercritical water decomposition [5]. 
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Fig. 8. Food Waste Treatment Process with
Anaerobic Digestion

http://www.epa.gov/region9/waste/features/foodtoenergy/e
bmud-process.html

Biogas produced from organic waste 
containing around 55% methane 20-30% 
carbon dioxide, some moisture, some oxide 
of sulfur and nitrogen can be used directly 
for cooking with bio gas stove. This gas can 
be purify almost 95% pure methane, with 
the simplest and cheapest method of 
removing the CO2 is by washing the gas 
with water under pressure, which is pure 
enough for vehicle fuel [8]. Biogas can be 
connected with special type of Bio Gas 
operated Engine/Generator which will 
convert Bio Gas into electricity. That 
electricity can be sold to the customer or 
governmental agencies. This notion has 
been put into practice in a pilot project 
involving a small-size district located in 
Old Cairo. 
 
3.5.Technologies Involved for Monitoring 

- Benefits of GPS tracking of pickups 
could be useful. 

- Integrated software packages for useful 
aggregating the data are recommended. 

- Radio Frequency Identification RFID 
tags [5] could be used for data collection 
on curbside pickups. 
 

4. Strategy for Action 
4.1.Role of flat/house dwellers 

From the group of owners, together running 
a co-operative housing entity, one member 
would be elected for the purpose of 
administering the solid waste management 
scheme within a building. For this same 
purpose a part of the maintenance bill 
should include the management of the 
waste sorting and recycling. Financial 
outputs of recycling domestic solid waste 
should cover incentives for workers of this 
task. These help in maintenance and 
educate staff involved regarding the health 
and environmental issues of waste 
handling. As in the case of Bangladesh 
experience [4] some of the educative topics 
of benefits can be as follows: 
- If such a process functions efficiently 

there will be no cost of disposing waste 
from houses. 

- Surrounding environments will be clean, 
air pollution will less. 

- Buildings will be neat and clean, 
disposing waste will be easier. 

- Contribute to preserve the climate and 
environment. 

- By products of bio gas is good organic 
manure which can be used for pre-
agriculture projects. 

- Dry waste can be recycled and financial 
benefits may be derived out of that. 
 

4.2.Role of Government Bodies 

To begin a process, clusters which include 
fact sheets of each district should be 
identified. A separate bill should be for 
garbage collection with incentives for 
dwelling units that fulfill required processes 
successfully. This process requires 
employment generation from waste 
puller/pusher/cleaner/ helper to technicians 
and supervisors. The huge manpower 
required for such a process depends on the 
size of domestic waste enabling 

Topic name: Sustainable development

Page 481 / 522

http://www.epa.gov/region9/waste/features/foodtoenergy/e


Building Simula on Cairo 2013  Towards Sustainable & Green Built Environment, Cairo, June 23rd  24th 

 

employment nation wise. As for dwellers 
training it should be of necessity. 
Municipalities interested in the solid waste 
collection procedure should consider 
processing methods; timing and transfer 
actions that act upon the success and 
continuity of the project. Therefore, 
education of municipalities and cleaners 
should take place. Education should include 
the following: 
- Organic waste collection, and transfer to 

a treatment center. 
- Inorganic waste collection and transfer 

to the spaces allocated to them to sell 
later. 

- The collection of hazardous waste land 
filled safely. 

- Identify times and days to collect each 
type of waste, and circulate to the 
population, and abide by them. 

- Use of closed mechanisms for the 
transfer of waste to prevent the volatility 
or the spread of aromas. 

- Organize the passage of trucks combined 
to match the traffic to avoid the crowds. 
 

5. Case Study 
5.1. Introduction
Tanta is a city of 2109 acres (8.86 Km2) 
having a population density 160 person/acre 
(37967 person/km2). It is noticed that the 
population density has increased from 135 
person/acres (32150 person/km2) at 1976 to 
160 person/acre at 1986. It is expected to 
rise up to 264 person/acre in 2020 [10]. 
This indicates that waste capitals will 
increase drastically.  
 
The sources of solid waste generated from 
the city of Tanta include household waste, 
whether organic and inorganic, and waste 
resulting from commercial and government 
facilities as well as industrial waste and 
street residual waste. 

Amounts of waste in the city differ 
according to the environmental conditions 
and population habits, as they considerably 
vary from one season to another in type and 

quantity. The amount of solid waste 
expected from the city, without industrial 
waste is about 0.80 kg / capita / day. The 
range and intensity of waste is from 200-
3000 kg/m. The amounts of industrial solid 
waste are estimated to be about 50% by 
weight of household and commercial waste 
and residual street waste [10]. 

5.2. Current Status of the City's Waste 
Collection
The city's waste is collected by small 
vehicles belonging to local authorities in 
order to maintain hygiene. They are then 
transported by cars to relay stations where 
they are collected to a fertilizer plant near 
the village of Dafra, which is located on the 
borders of the city of Tanta. Finally, waste 
is transferred to the western main public 
dump area located in Sadat City.  

The estimated total weight of solid waste 
generated from the city is about 384 tons as 
shown in Table  )( . 

Table(1) expected solid waste from the city of Tanta

for different years [10]

 

5.3. Study Area 

A pilot sample of one third of Wabour El-
Nour district has been chosen to be the 
study area. The area is central to the 
residential area located south of El-Nady 
St., east of Kafr Essam St., west of El-Bahr 
St., and north of El-Nahas St. The chosen 
study area has an estimated population of 
10 thousand which indicates that it 
produces almost 10-15 tons of waste daily. 
Wabour El-Nour district as a whole has 

2017 2007 1997 Year 

384 

 

240 

347 

 

217 

310 

 

194 

Weight of tons of solid 

waste 

The volume of solid 

waste m3 
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43000 citizens and is 331.2 acres in size. 
Population density of the area is 130 
capita/acre Fig. 9. 

Fig. 9. Map of Tanta City Showing the Study Area
Wabour El-Nour District(Authors)

5.4. A Proposed Strategy for Waste 
Collection in the Area 

Employers recruited by localities are to 
collect waste bins containing bags from 
each house in two bins one for organic solid 
waste and another for inorganic solid waste. 
The bags are to be placed into primary 
containers. Two big trucks are to move the 
wastes separately to the secondary 
collection points. The secondary collection 
stations (relay stations) located at the 
district�s borders where other wastes are 
classified. They are then collected by two 
bigger trucks twice daily to be moved to be 
finally moved to Dafra then Sadat City as 
can be shown in Fig. 9. to Fig. 11.  
 
 

Fig. 10. Shows the Study Area Wabour El- Nour
District in Tanta and Waste Stream Down to the 

Sorting Area(Authors)

 

Fig. 11. Illustrates the Proposed Waste Routes 
(Organic and Inorganic) of the Study Area Wabour

El-Nour  District in Tanta(Authors)

 Furthermore the following aspects have to 
be carefully considered in the 
implementation phase: 
 

- Means to educate the residents as to 
fully collaborate and participate 
efficiently and develop initiatives of 
their own. 

- Which local bodies are to be 
involved and clear description of 
their tasks and roles. 

- Methods to generate funding 
public/private/partnerships to 
sustain the whole process and cover 
long term performance finances. 

-  Develop a monitoring system that 
provides ongoing supervision, 
feedback and a border engagement 
from different bodies. 

- Different ways to alleviate the 
problem of individual scavengers 
and rechanneling their efforts along 
with their dependent communities 
into a more useful and relevant role 
ultimately engaging into the 
proposed strategy. 

- Adopting a peacemeal approach 
whereby implementations would be 
launched at a limited scale/area, 
then gradually expanding to 
encompass more areas and 
ultimately the overall region. 

 

6. Conclusion
 The purpose of this paper has been to 
propose an integrated vision for domestic 
solid waste collection and recycling for use 
in energy-saving and environmental 

Relay Station

Relay Station 

Relay 
Station  

Relay Station 

To sort in Defra 

Case 
study   

Organic Waste Route

Inorganic Waste Route

Case
study
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sustainability. It reviews the issues of 
legislating waste recycling for long term 
and short term and has examined the 
relationships between the competent 
authorities and residences. The mutual 
influences affecting on solid waste handling 
and transport within environmental 
sustainable practices has been also 
considered. 
 
Based on the above discussion, it could be 
noticed that codifying legislation governing 
municipal solid waste for collecting and 
recycling is possible. An overall approach 
must consider awareness of all involved 
bodies. 
 
In general, incentives and penalties must be 
taken into consideration if the proposed 
legislation regulating this process is to 
fulfill sustainable principles. This topic 
must be regarded as a dynamic domain, 
which continues to change and advance. 
Codifying legislations ruling waste 
management procedures further aspects and 
contextual circumstances on a case-by-case 
basis will have to be taken into 
consideration It could be also integrated 
into the process in order to reach an 
adequate and viable approach to be 
implemented in different cases and urban 
zones. (2) 
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Implementing Geographic Information Systems (GIS) in Real Estate 
companies 

Nahla N. El Banhawy  
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Abstract:  
This paper presents how adopting GIS technology is important for the sustainable development of countries in 
the real estate industry. Spatial empowerment and location based GIS applications are introduced to the region in 
the past few years to benefit from different tools for creating, managing, analyzing, and visualizing the data 
associated with developing and managing buildings. 
 
For the real estate companies, the GIS has introduced different applications that serves three levels governmental 
regulations, real estate companies workflow, and customer needs. Through this paper implementing GIS 
applications that serve these three areas are being introduced. 
 
A case study of a real estate company following its country 2030 plan is being introduced. The company is 
ALDAR properties, through utilizing AD Spatial Data Infrastructure and its base map, GIS applications and 
enterprise structure is being adopted. The case shows how the real estate company has started using GIS and 
imbedding it to both follow company and country futuristic plan. 
 
Keywords: SDI, Real Estate, Sustainable Development, GIS 

 
 
1. Introduction 
The art of decision making and building 
new communities became now a days 
depending on technology in a way that our 
old ancestors wo

any attempt to make a decision without 
viewing the sufficient information or 
missing this information could result in a 
generation of people paying for it. 
 
Building new communities, cities, and 
urban development is all about the decision 
making that occurs from Real Estate 
companies, their decisions are always based 
on the amount of information available. The 
information in real estate industry is not 
only about market, needs, designs, and 
budge
information is a one that could flip all over 
an entire thread of designs and decisions a 
company could talk. Imagine a real estate 
company that is planning to develop a new 
big city beside a shore line with coral reefs 

or environmental restrictions, if this 
information is not available a lot of 
investment and miss use of budgets could 
be utilized.  
 
To make decisions that matters different 
Real Estate industry stockholders (e.g. 

started to use technological tools that are 
concerned with location and integrating 
variety of information. Spatial tools 
provided by Geographic Information 
Systems (GIS) are what this paper is 
discussing. GIS started to be used for 
finding location or area of construction 
along with their location details, but all that 
has developed with to be getting various 
data about different aspects are linked and 
integrated together to build decisions and 
set sustainable standards for designing and 
development of . 
 
Real Estate and sustainability of 
communities need to utilize GIS 
applications that integrate information to 
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support the market of Real Estate pillars 
Government, Companies, and Citizens.  
 
This paper is to present technological 
concepts GIS applications, methodology of 
implementing GIS concepts in relation with 
Real Estate stake holders, and finally a case 
study of utilizing GIS with GIS application 
using paper mentioned methodology.  
 
A case study is also presented in the paper 
showing how in Abu Dhabi City the 
futuristic vision set by AD Urban Planning 
Counsel for 2030 and aided with the 
availing a Base Map through Abu Dhabi 
Spatial Data Infrastructure Program (the 
governmental pillar) and used by ALDAR 
properties (the company pillar) could result 
in a better utilization and citizen 
satisfaction (the citizens pillar). 
 
2. Technological Concepts 
The information real estate industry need is 
always of high variance by nature, hence, 
the life cycle of opportunities and decision 
making involves a lot of aspects that need 
to be integrated and analyzed. Proactive 
analyses of the available information, in 
addition to, mashed up information 
visualization could result in the 
optimization of performance and 
minimization of challenges faced through 
this industry. To cover real estate needs in 
information integration, the GIS systems 
offer that integration of different concepts. 
 
In previous days GIS was not more than a 
satellite image for sites and/or x,y attributes 
of a location that is added to normal 
computer drafting applications. Now a days 
all that has changed, Real Estate industry 
became affected with different concepts 
such as Information Sharing, Spatial Data 
Infrastructure (SDI), and Cloud Computing. 
 
These concepts are discussed in this 
section, follows by the methodology of 
implementing these concepts (section 3) to 
understand how the era of information 
sharing is moving real estate industry. 

 
Information sharing concept, this became 
the main driver of not only governments, 
but also citizens and business owners. The 
more sharing of information the more 
information entities can get, and can build 
their decisions and proactive analysis on. A 
question that drives the information sharing 

HOW to share the information of 
WHO with WHAT tools?  From this question 
the concept of public sharing of information 
was then evolved resulting in a great shift 
on the tools and means of information 
sharing in real estate industry. 
 
 
Spatial Data Infrastructure (SDI) 
concept, the idea of portals and sharing 
geographic related information with 
different user types (public, private, 

was conducted to 
answer the question of users asking 

WHERE to find information to Geospatial 
 From this question the 

concept of SDIs is adopted all over the 
world to share data and allow users to build 
their systems and information upon. The 
sharing of geographic data through SDIs 
has reshaped the industry of GIS systems 
and applications through availing more easy 
to use/find  
 
Cloud computing concept is built on 
democratizing technology1 to everyone 
through low cost. Cloud computing is 
assembled on availing technology for a 
wider range of users to solve various 
challenges of HOW to maintain the use of 
technology, and on WHAT . Willing to 
use technology generally, and GIS industry 
has benefit from it specifically.  GIS cost is 
very high, to maintain, to avail GIS 
applications and systems. 
 
 
 
                                                           
1 Democratization of technology
wikipidia. Link: 
http://en.wikipedia.org/wiki/Democratization_of_t
echnology  
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GIS relating concepts with market pillars 
 

GIS has utilized nowadays technological 
concepts (described earlier) to aid real 
estate industry decision makers in facing 
the challenges that arouse from the 
evolution of demand of three Real Estate 
market pillars demonstrated in Government, 
Companies, and Citizens. 
 
3. Methodology 
Living in an Urban Century, a lot of 
development activities and methodologies 
are based on the availability of data and 
information. Banning of data or attempts to 
isolate it represent a crime that future 
generation would be paying as a result of 
the real estate industry bits and falls. In 
order to assure the optimum availability of 
information that decisions are taken upon 
no magic wound would be used, rather an 
extendible implementation of technology 
need to be approached. 
 
Proposed methodology of implementing 
GIS applications in this paper is inspired 
from the normal Project Management 
Institute (PMI) projects life cycle compiled 
with the components of GIS systems and its 
development. 
 
The described methodology aims to 
empower Real Estate companies to apply 
GIS technology benefiting from its 
implementations and tools in order to face 

the market challenges, in addition to, 
following governmental rules to adopt GIS 
and location intelligence systems. 
 
Generally for implementing any GIS 
system, 5 main GIS pillars should be 
covered, they are: 

 Data 
 People 
 Applications 
 Hardware 
 Software 

 
These pillars could be applied over a 
phased implementation or all at once, this is 
according the industry, budget, market, and 
technological needs.  
 
The methodology model discussed in this 
paper is based on the below conditions: 

- Real Estate companies are willing to 
establish a GIS Unit (or having 
basic desktop applications) 

- Governments are requiring 
companies to provide  

- Utilizing Esri software capabilities 
and technology in GIS software and 
sharing. 

 
The diagram below shows the phased 
implementation approach to apply GIS 
technology in real estate companies. 

 
Phased GIS implementation methodology 
 
The first steps of creating the GIS system in 
a real estate company could be listed below 
as: 
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3.1. Gathering information 
Gather information and assessing data for 
assuring they are fully covering company 
operations and needs. 
 
3.2. Designing system 
Design application and data model that 
form the GIS system based on the company 
activities and scope of activities along with 
its stakeholders. 
 
3.3. Developing system 
Develop system that matches the findings 
of gathered information and designed 
system. 
 
3.4. Deploying system 
Provide application and systems for 
corporate daily operations covering their 
needs. 
 
3.5. Creating GIS Road Map 
Assessment of findings from implemented 
GIS applications and Setting Future GIS 
vision 
 
The implementation of these phases all 
together and having a road map is an 
approach for not creating a normal GIS 
system but rather an Enterprise GIS 
System. 
 
4. Real Estate GIS Applications 
In order to follow above mentioned 
methodology with the concepts discussed 
earlier, there have been various applications 
that are designed to match different needs 
of Real Estate corporates such as 
commercial real estate agency, multiple 
listing services (MLS), home builder, and 
property management department in a 
corporation. 
GIS applications designed to match these 
needs could provide the below features: 

- Site selection 
- Analysis of data  
- Supply chain management 
- Utility management 

 

 
 
 
 
Quick search widget 
for utilities, system 
utility type is defined 
then a specific 
component could be 
chosen to search for 
in a specific zone. 

 
 
 
 
 
- Business analysis 
- Banking and finance tracking 
- Services locator 
- Market demand analysis 
- Customer engagement 
- Sales and Marketing 

 
 
Onsite mobile application that provides online 
data for sales men, also analysis and data 
gathering are automatically updated for the 
corporate future analysis. 
 
 
 
Further operational implementation of GIS 
applications could be utilized in the real 
estate companies to aid the day to day 
activities of workers this includes 
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5. Case Study 
The chosen case study in this paper is 
presented for the Enterprise GIS solution 
developed for ALDAR properties by Esri 
Northeast Africa in Abu Dhabi.  
 
ALDAR properties aim of utilizing GIS 
was to start creating the first phase towards 
build an Enterprise GIS, as a strategic 
approach to the planning, development, and 
management of ALDAR cities. This is also 
in addition to the urge to follow Abu Dhabi 
Urban Planning Council (UPC) regulations 
for implementing Abu Dhabi 2030 Urban 
Structure Framework Plan. 
 
The aim of this solution was also to utilize 
the maps and information shared by Abu 
Dhabi Spatial Data Infrastructure (AD-SDI) 
viewer, this would help ALDAR properties 
to get a full vision of AD environment, 
population, roads, plans, and any other 
information shared by the AD-SDI 
stakeholders.  
 
The AD-SDI viewer is a part of AD-SDI 
program of the Government of Abu Dhabi, 
administered within the Abu Dhabi Systems 
and Information Centre (ADSIC) e-
government program to facilitate the 
sharing of geospatial data among 
government agencies and other 
stakeholders.  
 
 
5.1. GIS Needs 
ALDAR properties need for GIS was 
urgent and visionary at the same time; this 
resulted in an approach that is taken to 
phase their GIS implementation. Phasing 
their needs a primary GIS implementation 
project was set with below goals:  

 
Submission Specifications, which 
require that master plans be 
submitted in GIS format. 

 Establish a means of consuming AD 

data with that of the AD SDI. 

 Build a Configurable web-based 
map viewer, which allows for 
secure spatial visualization of 
ALDAR
along with data consumed from the 
AD SDI 

 Conduct a GIS road map that sums 
up all the findings during the project 
and how to utilize the GIS in entire 
company departments to maximize 
the use of GIS and follow AD 2030 
plan.  
 

The result of these needs could be summed 
up in establishing a core base of GIS with 
its applications and standards, in addition 
to, a sum up of futuristic needs for 
ALDAR. 
 
5.2. GIS Challenges 
To build a GIS system that covers above 
listed needs, a set of main challenges were 
faced by ALDAR, these challenges could 
be summed up as follows: 

 Land and property data are available 
in AutoCAD format (non-GIS 
format) 

 Land and property data are available 
in a series of disparate information 
systems, preventing true integration 
and sharing of data as well as 
redundant data maintenance 

 Presence of AD nationally applied 
spatial data standards which the 
project has to comply to. 

 GIS system needs to integrate with 
multiple data stores and multiple 
systems 

 Building Enterprise GIS serving 
multiple stakeholders who are 
involved in ALDAR operations. 

 
 
5.3. Implementation Activities 
To achieve the needs of ALDAR properties 
a set of activities has been conducted that 
cover the five main pillars needed in any 
GIS implemented system. Below diagram 
sums them up: 
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Activities could be summed up as follows: 
 
5.3.1. GIS Infrastructure Building 
Create an infrastructure for having GIS 
applications on web and on desktop along 
with the data servers. Detailed GIS software 
used would be listed latter in the paper. 
 
5.3.2. Setting Standardization  
Provide key documentations to insure 
compliance of all new and futuristic plans 
with ALDAR GIS requirements including 
all general CAD/GIS instructions in 
compliance with UPC standards. 
 
 
5.3.3. Data Conversion 
Convert master plans for both future master 
plans and a number of existing plans. This 
is also in addition to the digitization 
instruction between CAD files and GIS 
database for their master plans. 
 
 
5.3.4. Data Modeling 
Data which are to be visualized using GIS 
applications are hosted in the developed 
system Data Model. ALDAR data modeling 
activity utilize the international modeling 
standards for unified Geodatabase, which 
provides a central backbone for the system 
and a unified repository for ALDAR
spatial data.  
 
 
5.3.5. ALDAR GIS Viewer 
The GIS viewer is a web application that 
allows ALDAR authorized users to 
visualize the information over the internet 
and perform different activities. Details of 
this viewer are discussed latter in the paper. 
 
5.3.6. Building Users skills: 
Any system success is by its user utilizing it 
the best in their work activities, that is what 
the users are provided with trainings and 
support for a period that allows them to 
take over the system and run it.  

 
5.3.7. Conducting ALDAR GIS Road Map  
The final activity in this case study was the 
conduction of a Road map to set the future 
of GIS in ALDAR properties. 
 
5.4. GIS Solution Applications/concept 
The GIS applications and concepts 
established for ALDAR by Esri NeA target 
was to provide functional, flexible and 
scalable GIS empowering ALDAR 
propertied 

  
Solution Concept Diagram  
 
The solution is based upon a geographic 
enabler GIS application of Esri NeA named 
DotGeo2. DotGeo main implementation is 
to links different data sources within 
ALDAR with GIS data (Databases, excel 
files, access file), as well as available, 
online data sources such as ArcGIS online 
maps and Bing maps.  
 

DotGeo best practices for building similar 
bilingual (English/Arabic) viewers.  The 
viewer is built on ArcGIS Server 
technologies namely REST services, in 
addition to JavaScript APIs. 
 
ALDAR has utilized the advanced GIS 
capabilities of GIS to link data and allow 
authorized users to edit GIS data over the 
web. It also allows displaying data from 
various sources on one map, and availing 
different levels of security, based on 
existing security measures within ALDAR. 
 
The GIS applications functions and 
modules are divided into two main modules 
Administrative and Operational. Each set of 
functions is displayed to users according to 
their privileges and authorities. 

                                                           
2 A product of Esri NeA that is used to allow 
visualization of GIS data through the web. For more 
information visit: 
http://www.esrinea.com/Geo_Overview.html  
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5.4.1. Administration module 
This module empowers ALDAR 
administrative GIS users to set 
users/departments privileges on 
applications, data, and functions. The 
module functions are: 

 Users Administration 
 Data Administration  
 Operation Configuration 

Administration 

 
Setting roles and assigning functions and data 
visibility for users by administrator 
 
5.4.2. Operational Module   

This module allows authorized ALDAR 
users to perform different GIS functions 
that empower their daily operational roles 
and responsibilities with functions listed 
below: 

 Map Navigation 
 Table of Content 

 

 
Sample Application Screenshot showing project 
transformed from CAD to GIS and displayed 
over the base map of AD SDI  

 
 Map Classification 
 Redlining 
 Spatial Search 

 
 Tabular Search 
 Dynamic Reporting 
 Extracting 

 
Selecting an area and using GIS tools to 
transferee to CAD 

 Measurement 
 Add External Data 
 Bookmarking 

 
5.5. System used GIS Software 
The below is a list of GIS software that is 
used by ALDAR to have the above 
mentioned system: 

 ArcGIS Server 9.3.1. Enterprise 
Standard, up to 4 cores  

 ArcEditor 9.3.1. Concurrent Use , 
ArcEditor Extension (ArcGIS 
Desktop Data Interoperability) 
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 FME ArcGIS Data Interoperability 
Edition (Single fixed/node locked 
license) 

 
 
5.6. Golden Points 
Through this Case study the below list 
represents the main golden points ALDAR 
properties has reached. 

 Employing our wide experience and 
development best practices, as well 
as our development of the AD SDI, 
Ensure quick and rigorous 
development of Al DAR GIS 
system 

 The proposed configurable platform 
and solution architecture Ensure 
system expandability as well as 
agility to change 

 Having a sustainable information 
resource for future decision making 

 Compliance to industry standards 
 Following formal project 

management & quality management 

Land Management System 
 
6. Paper Conclusion 
Throughout the methodologies, concepts, 
and case study discussed in this paper 
below list shows the conclusions and sum 
up of implementation of GIS in Real Estate 
companies: 

 Governments availing visions could 
direct companies in their choice of 
tools and means of decision making  

  Real Estate companies need to 
think of utilizing GIS within phased 
implementations 

 Standards and global presence is 
what makes a challenge edge for 
findings and information 

 Technology of visualization and 
integration is a mean of decision 
making. 
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Abstract: When considering sustainable urban development and building practices, rooftops may not be the first 
thing that comes to mind. Roofing technology is seldom considered until things go wrong and a roof starts to 
leak. However, rooftops are playing an increasingly important role in urban sustainability efforts. Various 
roofing technologies have been promoted for reducing stormwater runoff, generating electricity, reducing 
building energy consumption, or mitigating the urban heat island. Despite of the importance of using green 
roofs, there is no known policy in Egypt concerning that issue. Cairo is Egypt’s largest city, with a population of 
more than 9 million inhabitants, as with any large urban location, it is suffering from the environmental 
problems that this sort of population and growth brings. The implementation of green-roofs is seen as an 
effective strategy to solve these problems. The purpose of this paper is to provide an understanding of the 
importance of using green roofs to mitigating the urban heat island. Furthermore, it will discuss extent of 
potential and factors affecting the use of green roofs in Cairo. Therefore, The UHI has been represented by 
records from three selected meteorological stations situated inside the Greater Cairo region. Furthermore, a
questionnaire has been formulated in order to solicit some facts about Roof Planting project in El-Darb El-
Ahmar district of central Cairo. Finally, this paper cites the need for policy and incentives to drive isolated green 
roof projects into a national movement.

Keywords: Sustainability, Green roof, Heat Island Effect, Environment

1. Introduction
The term “green roof” is sometimes 
referred to as eco-roof, vegetated roof and 
living roof. It may also be used to indicate 
roofs that use some forms of "green" 
technology, such as a cool roof, a roof with 
solar thermal collectors or photovoltaic 
modules. 
A green roof is conventionally defined as a 
roof of a building that is partially or 
completely covered with vegetation and a 
growing medium, planted over a 
waterproofing membrane. It may also 
include additional layers such as a root 
barrier and drainage and irrigation systems. 
Modern green roofs, which are made of a 
system of manufactured layers deliberately 
placed over roofs to support growing 
medium and vegetation, are a relatively 
new phenomenon. However, green roofs in 
Northern Scandinavia have been around for 
centuries [1]. The modern green roofs were 
developed primarily in Germany in the 
second half of the 20th century [2] and have 
since spread to many countries. Today, it is 
estimated that about 10% of all German 
roofs have been “greened” [3]. Green roofs 

are also becoming increasingly popular in 
the United States, although they are not as 
common as in Europe. A number of 
European Countries have very active 
associations promoting green roofs, 
including Germany, Switzerland, the 
Netherlands, Norway, Italy, Austria, 
Hungary, Sweden, the UK and Greece. The 
City of Linz in Austria has been paying 
developers to install green roofs since 1983 
and in Switzerland it has been a federal law 
since the late 1990s. In the UK their up-take 
has been slow but a number of cities have 
developed policies to encourage their use, 
notably in London and Sheffield.

1.1. Types of green roofs
Almost all green roofs are comprised of 
layers that work together to achieve three 
primary goals: (a) ensure the structural 
integrity of the building, (b) maintain the 
waterproofing of the building, and (c) 
ensure the long-term health of the plants. 
Green roof layers are typically comprised 
of the following elements, although there 
are many variations on the market: 
Waterproof membrane protection layer, 

Page 494 / 522

mailto:matef2000@yahoo.com


Building Simulation Cairo 2013 - Towards Sustainable & Green Built Environment, Cairo, June 23rd - 24th 
Topic name: Sustainable Development. 

 

Root repellant system, drainage layer, filter 
cloth or fabric, engineered growing media 
and plants.
Green roofs can be loose laid (built up), in 
which each of the layers is installed and the 
plant seeds are sown in the engineered 
growing media. There are also modular 
systems that combine several of the layers, 
including the plants; these units are brought 
to the roof and laid out.
Green roofs are placed into three basic 
categories based on usage and growth 
medium depth, extensive, semi-intensive 
and intensive. The following are green roof 
categories as defined by Green Roof for 
Healthy City’s participant’s manual for 
‘Green Roof Infrastructure: Design and 
Installation – 201’ course: [4]
(a) An extensive roof consist of a shallow 
growth medium less than 150mm in depth, 
is often inaccessible, has a low saturated 
weight, low plant diversity, lower cost and 
less maintenance.
(b) A semi-intensive roof contains a depth 
of growth medium 25% above or below 
150mm and portions of the roof may be 
accessible. A greater variety of plant 
diversity is allowed and this will typically 
increase the cost and maintenance 
requirements.
(c) An intensive green roof (also known as 
rooftop gardens) consists of a growth 
medium depth greater than 150mm and can 
consist of loose laid green roofs or 
container planting. The roof is typically 
designed to be accessible. The plant 
diversity is the greatest and cost and 
maintenance requirements are higher as 
well.
Another important distinction is between 
pitched green roofs and flat green roofs. 
Pitched sod roofs tend to be of a simpler 
design than flat green roofs. This is because 
the pitch of the roof reduces the risk of 
water penetrating through the roof 
structure, allowing the use of fewer 
waterproofing and drainage layers.

1.2. Green Roofs benefits: 
A sustainable approach

Besides acting as an amenity [5], [6], green 
roofs provide a wide range of benefits 
specifically for the building, its users and 
generally for the surrounding urban 
community. Green roofs are recognized as a 
measure of sustainable urban development. 
Therefore, I have broken down the benefits 
to three main groups: economic, social and 
environmental benefits.
(a) Economic benefits: Green roofs have 
many economical benefits. They 
dramatically increase roofs life span [7], [8] 
as well as real estate value. The green roof 
reduces energy demands in the summer [9]. 
Furthermore, vegetable roof gardens 
increase families’ income and raise their 
quality of life.
On the other hand, a recent study found that 
office workers that had visual access to a 
green roof were better able to concentrate 
than those who did not.
As municipalities are seeing dwindling 
financial resources for infrastructure 
improvements, the contribution of planted 
roof tops to defer construction of new 
infrastructure such as waste water treatment 
plants, as in some German municipalities, 
makes this roofing concept enticing.
(b) Social benefits: Green roofs represent 
the open space lost to building footprints. 
Multi-purpose space at roof level has the 
advantage that occupants of a building 
could meet together in a safe environment.
(c) Environmental benefits: Green roofs 
serve several purposes for buildings, such 
as reducing building energy consumption 
and providing heat and sound insulation 
[10]. On the other hand, green roofs have 
become vital to the well-being of urban 
environments. The use of green roofs is 
reflected in a diminished need for natural 
resources by urban areas, which in turn 
relieves pressure on surrounding 
communities and regional landscapes [11]. 
Green roofs have multiple environmental 
benefits for urban areas, including 
stormwater retention [12] [13], providing 
habitat for urban wildlife [14] as well as 
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filtering pollutants and carbon dioxide out 
of the air. Furthermore, it mitigates the 
urban heat island which is the major area of 
concern of this paper [15].

2. Urban Heat Island
Development, especially in high density 
urban areas, alters the earth’s surface to the 
extent that the climate in those areas has 
been influenced on the mesoscale. It has 
been shown that urban areas are on average 
warmer than their surroundings, as depicted 
in (Fig. 1). This effect is known as the 
“Urban Heat Island” (UHI). UHI is a result 
of the man-made changes to the urban 
surface, as well as heat produced by 
buildings, transportation and people. While 
the UHI may be beneficial in cold heating 
dominated climates, it contributes to 
thermal discomfort and higher air-
conditioning loads in warmer climates. 
High urban temperatures in the summer 
months decrease ventilation and increase air 
pollution levels, increasing the risk of heat-
related illnesses and mortality in people and 
animals.

Fig. 1. Typical urban heat island profile.

The UHI is caused by a number of factors 
which arise from differences in the energy 
balance of urban and rural areas. Some 
factors contributing to UHI formation are 
[16]: 
(a) Increased Thermal Mass - The presence 
of buildings, pavements and other 
impervious surface increases the thermal 
mass of urban areas relative to rural areas. 
These surfaces absorb and store heat, 
thereby increasing the thermal capacity of a 

city. The absorbed heat during the day is 
reemitted at night. This results in higher 
nighttime temperatures in urban versus 
rural environments. 
(b) Urban Geometry – The geometry of 
cities often creates urban canyons that trap 
heat. As solar radiation is received by the 
city it cannot be easily reflected back into 
the sky without undergoing multiple 
reflections between building elements. 
Geometry also alters the wind flow within 
cities. The presence of buildings generally 
reduces wind speeds as compared to the 
unobstructed rural regions. Lower wind 
speeds reduce the amount of heat that is 
flushed from the city.
(c) Anthropogenic Flux – The activities, 
energy consumption and metabolism of 
humans create a heat source within the 
urban area. Vehicle emissions, building air 
conditioning systems, industrial activity, 
body heat, and other activities all contribute 
heat to the urban environment. 
(e) Reduced Latent Heat Flux - Research by 
David Sailor at Portland State University 
concluded that low latent heat flux due to 
lack of vegetation in urban areas is the most 
significant contributing factor to the UHI 
phenomenon [17]. Due to urban 
development, the amount of evaporative 
surfaces (such as forests and agricultural 
areas) is significantly reduced. This means 
that more energy is put into sensible heat 
gain, as compared to an unaltered landscape 
where significant energy is stored as latent 
heat. The increased ratio of sensible to 
latent heat leads to an increase in air 
temperature. 
(f) Decreased Albedo (reflectance of solar 
radiation) - Compared to natural surfaces, 
the albedo of urban surfaces is significantly 
lower. The albedo of rooftops is particularly 
important due to the high surface area of 
roofs, as well as their location within the 
city. Due to their relatively clear view of 
the sky, roofs receive a greater proportion 
of the incoming solar radiation than streets, 
walls and other urban surfaces. (Fig. 2)
illustrates a comparison between the urban 
and rural surface energy balance.
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Fig. 2 Comparison between the urban and rural 
surface energy balance.

2.1. The role of green roofs in mitigating 
UHI Effect

UHI mitigation techniques have focused on 
altering the urban energy balance to return 
it to a more natural state. Researchers have 
considered a variety of UHI mitigation 
techniques, with a lot of focus placed on 
understanding the impact of albedo 
alteration of urban surfaces, particularly 
roofs. Unlike many mitigation techniques 
which must be addressed through changes 
in urban planning, the characteristics of 
building roofs can be changed with relative 
ease. Buildings are typically re-roofed 
every 15-20 years, which provides an 
opportunity to consider different roofing 
materials with various thermal properties. 
Therefore, green roofs should be given an 
important role in dense urban areas. Green 
roofs counteract the heat island effect by 
the following means:

(a) The plants and growing media provide 
the basis for evapo-transpiration, reducing 
ambient air temperatures, and generating a 
net cooling effect for the surrounding 
buildings, almost like an "outdoor" air-
conditioning system. A study led by the 
University of Central Florida's Stormwater 
Management Academy compared the 
energy performance of a green roof and a 
conventional roof. The summertime data of 
the study indicate significantly lower peak 
roof surface temperatures and higher 
nighttime surface temperatures for the 
green roof. Green roofs have the potential 
to lower surface roof temperatures by 10-
15.5 degrees Celsius [18].
(b) Evapo-transpiration - combined with the 
effects of shading, reflection, thermal mass 

transfer, and insulation- significantly 
reduces heat gain within buildings, 
reducing the need for air-conditioning. As a 
side effect, less overheated air is discharged 
into the surrounding environment. 
(c) Lower ambient temperatures above a 
green roof can be used to supply intake air 
to roof-mounted HVAC systems,   thereby   
increasing   efficiency. Air-conditioning 
systems begin to lose efficiency at about 35 
degrees Celsius. Drawing cooler air into the 
system can help to reduce energy costs.  
Green roofs tend to maintain an ambient 
temperature of 32 degrees Celsius, creating 
optimal conditions for air-conditioning 
[19].

2.2. UHI in Cairo
Nearly 45 percent of Egypt’s 83 million 
inhabitants live in cities today, compared to 
38 percent in 1960. An estimated 9 million
Egyptians live in Cairo [20], one of the 
world’s 15 largest cities in population 
growth. Population densities within the city 
are some of the highest in the world as well. 
Extraordinary rates of population growth 
are expected to continue, with a predicted
population of around 14 million by 2015. 
This rapid population requires urban growth 
which is taking a heavy toll on agricultural 
land in the Nile Delta and the Valley [21]. 
Therefore, an estimated 40,000 Feddan of 
land are lost to the urban sprawl each year 
[22].
Climatologically, Greater Cairo is in the 
subtropical climatic region. In winter 
(December to February) the general climate 
of that region is cold, moist and rainy while 
during summer (Jun to August), Cairo's 
climate is hot, dry and rainless. Greater 
Cairo region is composed of Urban, 
suburban and rural areas as can be seen in 
(Fig. 3) [23]. The UHI has been represented 
by records from three selected 
meteorological stations situated inside the 
region and represent different degrees of 
urbanization. Abbasiya represents the urban 
area, Cairo Airport represents the suburban 
area and Bahtim agro-meteorological 
station represents the rural area. Urban-
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suburban/rural mean surface air 
temperature, vapour pressure and relative 
humidity, differences at fixed hours of 6 
am, 2 pm and 11 pm hours during the 
period (2005-2010).

Fig. 3 Urban, suburban and rural areas in Cairo

The results revealed that the urban heat 
island is always below 2.1 °C at early 
morning time (6 am) in the urban area. 
At 2 pm, during the months of February to 
September, the monthly mean urban heat 
island ranges between 1.0 °C to 2.2 °C.
At 11 pm, the air temperature differences 
between urban and rural areas are at the 
maximum almost throughout the year. It 
ranges from about 3 °C to 4 °C between 
urban and rural areas. UHI have been 
estimated and presented in (Fig. 4 a, b & c). Fig. 4 UHI between: urban-rural and urban-

suburban at (a) 6 am, (b) 2 pm and (c) 11 pm.

3. Green roof technology in Cairo
One of the main problems of increasing 
UHI in Cairo is the traditional “grey roofs” 
where cement tiles are used or “black 
roofs” where black water insulation is used 
as a finish layer. Therefore, green roof 
technology is urgently needed.
The Egyptian government has limited 
programs to counteract environmental 
disasters. It suffers from a chronic inability 
to see its own environmental initiatives 
through to a successful outcome. The 
positive contribution of green roof 
technology as part of a green 
urbanism/systems approach to design has 
largely been ignored. While the benefits of 
green roof technology are numerous, 
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government agencies do not channel 
funding into research that will correct the 
causes of environmental problems.
Aspirations for urban gardening in Cairo 
were first voiced through a number of 
international institutions in the early 1990s. 
A decade later, The Food and Agricultural 
Organization (FAO) in coordination with 
the Egyptian government launched the 
"Green Food from Green Roofs in Urban 
and Peri-urban Environments”. This project 
offered a policy-based approach to 
developing food production [24]. The 
leaders of this project aim to enchain a 
wider reaction within Cairo’s communities. 
They are working with other NGOs and 
individuals to begin small-scale gardening 
projects on balconies or rooftops - and 
setting up trainings in agricultural 
techniques. The groups are also well-
informed of previous projects, and they 
have developed innovative techniques to 
overcome problems. 
El-Darb El-Ahmar district of central Cairo 
was selected as the case study as it is 
representative of Roof Planting project in 
Egypt. Funded by the Small Grants 
Programme, with total grant amount of $ 
43,000 and implemented by the Aga khan 
Foundation, a reputable and active NGO, 
while the total budget of the project is $ 
106,000, a co-finance funding of about 
62000 $ was provided by the NGO and the 
participating community to ensure 
sustainability of the project. 
New jobs were created, mostly for women 
in cleaning roofs, planting and selling their 
products with competitive prices to 
reputable restaurants located in the area, 
which generates stable income for poor 
families and helps improve their life 
conditions.
Soil-less agriculture is used to grow plants 
on the roofs of buildings. No soil is placed 
directly on the roof itself, thus eliminating 
the need for an insulating layer; instead, 
plants are grown on wooden tables (Fig.5). 
Vegetables and fruit are the most popular 
candidates, providing a fresh, healthy 
source of food that is free from pesticides.

Fig. 5 Green roofs wooden tables in Cairo.

3.1. Factors affecting the widespread 
implementation of green roofs

Through observation, meetings and a 
questionnaire to inhabitants of the district, 
the results came as follows:
(a) The environmental awareness of the 
community is the main challenge.
(b) There is no policy by-law aims to move 
green roof technology from the 
experimental stage to an urban design 
standard in Egypt. 
(c) The extreme diversity of buildings 
height increases the percentage of 
overshadowed and partially overshadowed 
buildings. Therefore, a large area of the 
existing stock is considered unsuitable for 
green roof retrofit on the basis that 
insufficient sunlight reaches the rooftop for 
planting to flourish.
(d) Using roofs as a storage place or for
satellite dishes and water tanks decreases 
the possibility of implementation of green 
roofs. 
(e) Bad condition of construction of some 
roofs is another constrain. 
(f) Another influencing factor is the local 
weather conditions with regards to water 
availability. The extremely low levels of 
precipitation ensure growing vegetation on 
green roofs is challenging. In other words, 
it could be argued that more water would be 
drawn out of the main system to maintain 
planting, thereby further diminishing 
already low stocks. If buildings were 
simultaneously fitted with greywater 
recycling systems then previously lost 
water could be diverted to rooftop roofing 
systems and green roofs might be viable. 
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However, this option may place a further 
cost burden on owners.

3.2. The extent of the potential to 
implement green roofs within the 
city of Cairo

While efforts remain localized and small-
scale, the concept could provide huge 
environmental benefits to Egypt’s rapidly 
growing cities like Cairo. In addition, 
Egypt’s water-thirsty agricultural sector, 
which consumes 86 percent of the country’s 
water resources, could save significant 
amounts of water by introducing soilless 
agriculture and other water-saving 
techniques on a larger scale.
Although the main aim of roof planting 
project in El-Darb El-Ahmar district was to 
provide fresh foods, it is an enormous step 
toward mitigating UHI. There is a potential 
for scaling-up and replication of this 
experiment all over Cairo.
There is a need for policy, by-law and 
procedural changes in order to move green 
roof technology from the experimental 
stage to an urban design standard in Egypt. 
Municipal land use documents and building 
codes need clear design guidelines to 
facilitate sustainable urban development 
including green roofs.
Finally, general environmental seminars 
should be held for raising awareness of 
families concerning mitigation of UHI 
effect.

4. Conclusion
UHI is an essential problem in Cairo. The 
study illustrated that at 11 pm the deference 
in temperatures between urban and rural 
areas in Great Cairo ranges from about 3 °C 
to 4 °C. Rooftops are playing an 
increasingly important role in mitigating
UHI effect. El-Darb El-Ahmar district of 
central Cairo is representative of a success 
Roof Planting pilot project in Egypt.
Therefore, there is an enormous potential to 
implement green roofs within the city of 
Cairo. However, some factors must be 
taken into account, especially raising 

environmental awareness and developing 
the urban regulations, to encourage using of 
green roofs in Egypt. 
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