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Abstract 
Residential and commercial buildings are responsible for 
almost half of the total electricity consumption in Egypt. 
This work deals with the envelope optimization for 
residential buildings in Egypt with the aim of reducing the 
cooling needs and projecting those needs in the future. 
Best available technologies in the market were identified 
and a series of dynamic simulations were executed in 
Cairo using those technologies. Financial, energetic, and 
environmental factors were used to execute comparative 
analysis to assess the best alternatives. Moreover, 
measures to further reduce the cooling needs were 
explored such as the usage of more efficient lighting and 
night ventilation. The simulations show a reduction of 
30% in the cooling energy needs. Future weather files 
adapted to climate change were generated and used to 
assess the expected future cooling needs, cooling energy 
needs, and peak cooling loads are expected to increase by 
40% and 22% respectively by 2080. 

Key Innovations 
Identifying the Best Available Technologies (BAT) in the 
Egyptian market to passively reduce the cooling energy 
needs 

Downscaling the Global Climate Models (GCMs) to 
produce predicted future weather files to be used in the 
building energy simulation and predicting the validity of 
the BAT chosen. 

Practical Implications 
The work presented in this paper introduce an accessible 
method to optimise the envelope design to reduce the 
buildings cooling needs and consequently the electricity 
consumption and provide a simplified prediction to the 
expected increase of the future needs. 

 

Introduction 
Egypt depends mainly on oil, natural gas and hydraulic 
power in all its energy related activities (Atlam and 
Rapiea, 2016). Egypt has become a net oil importer -
despite being a major producer and net exporter especially 
in the 1990s- around 2009/2010. An increase in 
consumption by about 3% per year due to the accelerated 
economic and population growth, resulted in growing of 

demand, and falling in production, that could roughly 
meet consumption requirements (Obukhov and Ibrahim, 
2017). Residential and commercial buildings are 
responsible for almost 50% of the total electricity 
consumption in Egypt. Typical energy consumption 
breakdown is lighting 36%, air-conditioning 31%, 
refrigeration and cooking 20%, others 13%.  

According to the world bank report (World Bank Climate 
Change Knowledge Portal | for global climate data and 
information!, no date), the mean annual temperature is 
expected to increase by 2 to 3ºC by 2050 with warming 
increase more rapidly in the interior regions. Projections 
of future rainfall indicate a 7% reduction in rainfall near 
the coast by 2050.  

The passive cooling strategies are one of the most 
effective ways to reduce cooling energy needs in 
buildings (Causone et al., 2017) especially in Egypt 
where the renewable energy market is not mature enough.  

The Mediterranean Investment facility (MIF) is a joint 
initiative under UN environment and the Italian Ministry 
for Environment land and sea (IMELS) with the overall 
objective of scaling up clean energy technologies in Egypt 
through the two components. First, the project will focus 
on developing a legislative ordinance on the reduction of 
building needs, through the analysis of the existing 
building stock, a best available technologies market study. 
The ordinance will then be tested through one 
demonstration project on a public building. The work 
presented in this paper is part of the ordinance 
development process extended to a private building in 
Cairo. The main focus is the envelope optimization with 
accordance to the Best Available Technologies (BAT) in 
the Egyptian market and the effect of the global warming 
on the envelope choices and the HVAC (Heating 
Ventilation and Air Conditioning) sizing. Firstly, the 
analysis of the weather in Cairo is conducted. Afterwards, 
the predicted weather files adapted to the global warming 
is generated and compared to the present. Then the case 
study used in the study is presented followed by a study 
in the Egyptian construction market to determine the best 
available technologies that can be used in the project. A 
dynamic energy simulation campaign is performed with 
the objective of optimizing the envelope with the use of 
multi criteria decision analysis (MCDA) to rank the 
envelope alternatives. The simulation campaign will then 
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be repeated with the use of the previously generated 
predicted future weather files.to test any possible changes 
in the alternatives ranking. 

Present and future weather of Egypt 
The Egyptian Housing and Building Research Center 
(HBRC) divides the country into eight different climatic 
design regions (Saleem et al., 2016). According to 
Koeppen’s climate classification (Beck et al., 2018). 
Egypt is classified as hot desert climate type (BWh) in the 
southern and central parts of Egypt and as hot steppe 
climate type (BSh) along the coast. In this paper, analysis 
is performed in region 2 represented by the city of Cairo.  

Present weather analysis 

Cairo is characterised by its moderate temperatures and 
humidity. The weather file used in this analysis is of type 
ETMY (Egyptian Typical Meteorological Year) provided 
from EnergyPlus (Weather Data Sources | EnergyPlus, 
).According to the file the data was collected from 1994 
to 2017. In Summer months, the temperature ranges from 
15 to 42 °C with an average relative humidity of 50% and 
average absolute humidity of 11.27 gv/kgda, while in 
Winter the temperature decreases to be as low as 9 °C with 
a higher relative humidity that goes up to 60% and 
average absolute humidity of 7.9 gv/kgda as shown in 
Figure1. 

 
Figure 1: Annual dry bulb temperatures and the monthly 

average relative humidity in Cairo. 

 
Figure 2: Monthly Degree Day Cooling (DDc) and 

heating (DDh) in Cairo. 

The Degree Day Cooling and Heating (DDh & DDc) are 
the difference between the daily average dry bulb 

temperature and a certain set point. Taking the heating and 
cooling set points as 18.3 and 24 °C respectively 
according to the Egyptian energy code for residential 
buildings, the monthly sum of heating and cooling degree 
days are shown in Figure 2. The yearly sum of DDh and 
DDc are 360.7 °C and 480.7 °C, respectively.   

Generating and analysing predicted climate change 
adapted weather files of Egypt  

The Special Report on Emission Scenarios (SRES) 
developed by the International Panel on Climate Change 
(IPCC) identifies multiple emission scenarios for the next 
century, based on economic, social, technological and 
environmental assumptions (Nebojsa Nakicenovic, 
Joseph Alcamo, Gerald Davis, Bert de Vries et al., 2000). 
There are four main scenarios A1, A2, B1 and B2, then 
there are six subfamilies of scenarios discussed in the 
IPCC's Third Assessment Report (TAR) and Fourth 
Assessment Report (AR4) are A1FI, A1B, A1T, A2, B1, 
and B2. In this study the A2 family will be used which is 
characterized as a “high” cumulative emissions category. 
The main outlines of this family are described in the report 
as following: the world evolves in a very heterogeneous 
way, the world population reaches 15 billion people in 
2100 and rising and the economic growth and the 
spreading of new efficient technologies are very different 
depending on the region of the world.  

Determining the future energy demands of buildings have 
become increasingly important since global warming has 
become an undeniable fact. To estimate those future needs 
for the buildings, the weather files must be adapted the 
climate change’s estimated effects on the climate.  Global 
climate models (GCMs) forecast the climate data with 
accordance to each emission scenario produced by the 
IPCC, but the data produced are at a coarse resolution 
(typical horizontal resolution is 300*300 km and 24 h in 
temporal resolution). There are several methods for 
achieving the downscaling, in this study the method called 
“Morphing” which was developed in (Belcher, Hacker 
and Powell, 2005) was used. The forecasting data used 
was gotten from the (GCM (Global Climate Models)) 
developed by Hadley centre (HadCM3) according to the 
third assessment report. The model produces a surface 
spatial resolution of about 417km x 278 km reducing to 
295 x 278km at 45 degrees North and South. The model 
provides three forecasting categories for the mean years 
of 2020, 2050 and 2080 (IPCC DDC: Download 
HadCM3 Scenario Data) 

Analysing the generated files, the maximum average daily 
temperature in January was found to be 26.2 °C in the 
present and it increases to 26.6 °C in 2020 and keep 
increasing until 29 °C in 2080. The line connecting those 
temperatures has an inclination of 0.039 meaning that the 
predicted rate of temperature increase in January is 3.9%. 
In July, the maximum daily average temperature 
predicted to increases from 40 °C in the present weather 
data up to 43.3 °C in 2050 and to 45.5 °C in 2080 with a 
rate of 7.5% predicted increase. The rate of predicted 
increase in October however is 4.3% that means that the 
rate of increase in the temperature through the years due 
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to climate change is predicted to be higher in Summer 
than Winter as shown in Figure 3. 

 
Figure 3 Max. average daily temperatures for the 

present & predicted weather in Cairo 

Case study modelling 
The case study baseline was modelled in TRNSYS 
software (Solar Energy Laboratory Univ. of Wisconsin-
Madison et al., 2017) according to the information 
received from the private developer “Emirates real-estate 
developer” .The buildings consist of 4 floors with 3 
apartments in each one. Each apartment has 3 bedrooms 
and a living room each room was modelled as an 
individual thermal zone.  

The external walls of the original project (from now on 
“baseline”) is a 12.5cm single brick wall with two layers 
of mortar and plaster on both sides for a thermal 
transmittance (U value) of 2.38 W/m2/K on the North and 
East facades, while a double 12.5cm brick with a 2cm air 
gap in between the two layers on the South and West 
facades with a U value of 1.25 W/m2/K. 3.2 mm single 
glazed windows are used with aluminium frames with a 
total U value of 5.013 W/m2/K. The windows of the 
bedrooms have shutters in the outside for shading while 
in the living room there is a balcony that acts as horizontal 
overhang.  A render of the South and West facades of the 
case study are shown in Figure 4. 

The infiltration rate was assumed to be 0.8 Air Change 
Hour (ACH) as the building was assumed to be loose. 
This value was reduced to 0.2 when a double glazing was 
simulated. 

 
Figure 4 A render of the case study South & West 

facades 

The apartments have a set point of 24 °C for cooling and 
18.3 °C for heating. The Air-Conditioning (AC) system is 
modelled as an ideal split system considering that the 

Energy Efficiency Ratio (EER) varies with the external 
temperatures according to the manufacturer datasheet as 
shown in Figure 5 (Product : Slim 1Way Cassette 4Way 
Cassette S (600x600) 4Way Cassette S Slim Duct MSP 
(Middle static pressure) Duct Console Ceiling Maldives 
SINGLE, no date). 

 

 
Figure 5 The variation of the total capacity and the 

power input with the outdoor temperatures for the model 
used & the EER variation in a day 

Market study & Building envelope 
optimization 
A study of the construction market in Egypt was 
conducted to define the Best Available Technologies 
(BAT) to reduce space cooling energy consumption that 
can be applied in the medium standard and distinctive 
houses. With the help of the Regional Center for 
Renewable Energy and Energy Efficiency (RCREEE) 
different stakeholders and manufacturers were contacted 
to determine the best available technologies used. For the 
external walls, the clay bricks were the dominantly used 
and the only structural material that can be feasible in a 
large-scale project. Thermal insulation is not typically 
used in the external walls instead it is only used in the roof 
structures. The Expanded Polystyrene (EPS) is the most 
used due to its adequate performance and relatively cheap 
price. For the transparent part of the envelope, only single 
clear glazing is used in the residential buildings in Egypt. 
Consequently, the demand on any other type is quite low 
causing a noticeable increase in the prices.  

Based on the drawings provided by the private developer, 
the building has a relatively small Window to Wall Ratio 
(WWR), hence opaque part is the dominant component of 
the envelope.  

The main component of the building envelope and the 
main target in any energy efficient building is the external 
walls. Unfortunately, the baseline case and the common 
building practice in Egypt is to have just the layer of 125-
250mm bricks with plaster and mortar on the external 
surface with a U value of 2.38-1.5 W/m2/K. A 
combination of trials consists of implementing different 
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thicknesses of insulation and increasing the thermal mass 
will be simulated. The insulation position will be only on 
the outside as suggested by the state of the art(Ozel, 
2014)(Kheiri, 2018)(Liu, Wittchen and Heiselberg, 2015) 
(Saikia et al., 2020). All the alternatives simulated for the 
opaque and the transparent parts are shown in tables 1&2, 
respectively. 

Table 1: List of all external wall alternatives 

Brick’s 
thickness 

Insulation 
thickness  

Trial 
code 

U value 
[W/m2/

K] 

25cm 
bricks 

2cm T25-2 0.797 

4cm T25-4 0.543 

6cm T25-6 0.411 

8cm T25-8 0.331 

10cm T25-10 0.277 

37.5cm 
bricks 

2cm T37.5-2 0.684 

4cm T37.5-4 0.487 

6cm T37.5-6 0.379 

8cm T37.5-8 0.311 

10cm 
T37.5-

10 
0.262 

50cm 
bricks 

2cm T50-2 0.598 

4cm T50-4 0.442 

6cm T50-6 0.351 

8cm T50-8 0.291 

10cm T50-10 0.248 

Cavity 
wall 

12.5cm-
2cm-

12.5cm 

2cm C.W-2 0.697 

4cm C.W-4 0.494 

6cm C.W-6 0.383 

8cm C.W-8 0.312 

10cm C.W-10 0.264 

Table 2: List of all external glazing alternatives 

Glazing 
type 

Thickness 
[mm] 

Visible light 
transmittance 

[-] 

U glass 
[W/m2/K] 

Single 
Bronze 

6 0.533 5.818 

Single 
Green 

6 0.702 5.81 

Double 
clear air 

"6-12-6" 0.786 2.703 

Double 
low-e air 

"3-12-6" 0.639 1.684 

A parametric simulation campaign was done to assess the 
optimal solution among all the alternatives. The Multi 
Criteria Decision Analysis (MCDA) method called 
TOPSIS (Alao et al., 2020) (Chamodrakas and Martakos, 
2012) was used to determine the optimum solution by 
calculating the Euclidean distance of the alternative from 
the ideal best and worst solutions which are imaginary 
solutions which have the best and worst attributes in all 
categories, then calculating the Performance Indicator 
(Pi)-referred to in this paper by the score- as the ratio 
between the Euclidean distance from the ideal worst 
solution, to the sum of the Euclidean distances from the 
ideal best and worst solutions. The higher the Pi the longer 

the distance to the ideal worst solution and the shorter to 
the ideal best solution. Several parameters were taken into 
consideration in the decision with four different scenarios 
where the parameters have different weights, to pick the 
optimum alternative according to different stakeholder’s 
priorities. The financial parameters are the initial cost, the 
payback period, and the saving profit in 25 years. The 
environmental parameters are the CO2 emission savings 
from energy production and material manufacturing. The 
energetic parameters are the annual electricity 
consumption savings and the peak cooling load. The 
“Overall normalized scenario” is used in this paper to 
assess the best alternative. The weights of the parameters 
in this scenario are shown in Figure 6. 

 

 
Figure 6: Financial, environmental, and energetic 

parameters weights in the overall normalised scenario 

Finally, as an additional measure to further reduce the 
cooling loads, more efficient lighting will be simulated to 
reduce the internal gains. 12W LED lamps will substitute 
the incandescent ones. The lighting internal gains will 
drop from 10.5 to 2.16 W/m2. The 12W LED lamp cost 
20 EGP (1.12€), while the normal incandescent lamp cost 
9 EGP (0.5€). 

Results 
In Figure 7, the monthly energy balance in the building 
simulated is shown. The influence of the envelope on the 
energy needs is further emphasized especially the opaque 
part by noticing that roughly 55% of the cooling needs in 
the summer corresponds to conduction gains through the 
envelope which is mainly opaque due to the small WWR 
in the residential buildings in Egypt. 

 
Figure 7: Monthly energy balance for South-East 

apartment on the second floor 
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The cooling load frequency and the peak cooling load 
were tracked for the purposes of sizing the split systems 
suitable for the apartments. The cooling load frequency 
and the cumulative frequency for one of the rooms is 
shown in Figure 8. After choosing the appropriate size of 
the split system the performance map of each size was 
drawn, and the electricity consumption of the systems 
were obtained. All the alternatives are simulated to get all 
the parameters needed for the MCDA. 

 

 
Figure 8: Cooling load frequency, accumulative 

frequency 

After sizing the AC system for each alternative, the annual 
electricity consumption for each case have been 
calculated (Figure 9 indicated at the end of the 
manuscript). It is noticeable that for each specific thermal 
mass the effect of increasing the insulation thickness 
decreases. 

The initial cost of the alternatives was obtained from the 
market study previously discussed. 

 The payback period and the profit after 25 years were 
calculated assuming that, the electricity cost growth rate 
is 13.5 % until the 2022 and 5 % afterwards, as suggested 
by the Egyptian Ministry of Housing. Figure 10 -indicated 
at the end of the manuscript- shows the cash flow for all 
the external wall alternatives. 

The environmental impact of the alternatives is evaluated 
through the CO2 emissions derived from the energy 
consumptions, and the CO2 emitted for the material 
manufacturing. The conversion factors are taken from 
(Abdallah and El-shennawy, 2017) where the factors are 
reported in function of the primary energy generator type. 
In this study the natural gas power plant has been 
considered as the main electricity source as it is the most 
common electricity generation method in Egypt. 

The CO2 emitted for the material manufacturing is taken 
directly from the Environmental Product Declaration 
(EPD) of those products. The values used in this study are 
for A1-A3 manufacturing stages taken from 
manufacturers operating in Northern Africa like 
Industrieverband Hartschaum e.V and by The Brick 
Development Association. 

After performing the TOPSIS calculations, the opaque 
and transparent alternatives were ranked according to 
their score (Pi) as shown in Figure 11. 

 

 
Figure 11: External wall and glazing alternatives 

ranking according to the overall normalized scenario. 

Final configuration results 

The optimal envelope configuration was chosen 
according to the overall normalized scenario. It consists 
of 12.5cm cavity wall with 4 cm of EPS insulation on the 
outdoor side for all orientations and 6mm of green 
glazing, with addition to the LED lighting. The final 
configuration was tested and compared to the base line to 
assess the savings in electricity consumption and to 
calculate the payback period. The annual electricity 
consumption dropped from 133 to 100 kWh/m2. The 
monthly and the yearly electricity consumption shown in 
Figure 12 at the end of the manuscript, while the peak 
cooling load dropped from 3.25 to 2.38 kW as shown in 
Figures 13. 
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Figure 13: The peak cooling load for the base line and 
the final configuration. 

The payback period for the final configuration is about 6 
years as shown in Figure 14. 

 
Figure 14: The cash flow of the final configuration. 

Predicted future energy needs 
As already established, according to the A2 scenario of 
GHG emissions, the earth climate does get warmer 
causing inevitable increase in the cooling energy needs as 
well as lowering the efficiency of the already existing 
HVAC systems. In this part, those effects will be studied 
as well as the validation and effectiveness of the chosen 
passive technologies. The weather files which were 
generated will be used to predict the future energy needs 
and the drop in the split system efficiency.  

The annual cooling energy needs are expected to increase 
from 133.15 to 220.67 kWh/m2 by 2080 which 
constitutes as 40% increase as shown in figure 15. 

 
Figure 15: Annual cooling energy needs for the present 

and the predicted future. 

The peak cooling load is also predicted to increase from 
3.25 to 3.52 kW in 2020 (8% increase) and to 3.86 kW in 
2050 (16% increase) and finally to 4.19 kW in 2080 (22% 
increase) as shown in figure 16. This increase will lead to 
a necessity to change the size of the HVAC system 
installed in the future as it has a peak cooling load of 3.80 
kW meaning that a replacement will be needed before 
2050. 

 
Figure 16: Peak cooling load for the present and the 

predicted future. 

As previously mentioned, the increase in the external dry 
bulb temperatures will lead to a decrease in the split 
system performance as shown in Figure 17. This decrease 
in performance will lead to a faster rate of increase in the 
electricity consumptions than the increase in the cooling 
energy needs. 

 
Figure 17: The EER throughout the 15th of August for 

the present and the predicted future  

Using the generated adapted weather files, all the 
simulations were repeated for all the alternatives to assess 
the continuous validity of the alternatives previously 
chosen. The alternatives ranking remained constant but 
the scores of the alternatives slightly changed in favor of 
the higher insulated ones. This is due to the projected 
increase in the cooling loads and the electricity prices. 

Conclusion 
The work addressed optimising residential buildings 
envelope in in Egypt aiming to reduce the cooling energy 
needs and projecting those needs in the future. The case 
study chosen was a privately owned building by Emirates 
real-estate in Cairo as a part of Mediterranean Investment 
facility (MIF) project. After analysing the weather of 
Cairo, the generation of the climate change adapted 
weather files using the predictions of Hadley centre’s 
global climate model according to A2 greenhouse gases 
emissions scenario of the SREES report was conducted. 
The predicted future weather files were analysed, and it 
was found that the monthly average dry bulb temperatures 
increase with a rate that is faster in Summer. The 
maximum daily average temperature in January was 
found to be increasing by a rate of 3.9% while in July it 
was found to be 7.9% in Cairo. 
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The choices available in the Egyptian market to passively 
decrease the cooling energy needs were found to be 
limited due to the higher prices of importing such 
products and the current foreign currency policies Egypt 
is conducting. For the opaque part of the envelope, the 
most viable options were found to be clay bricks for the 
structural part and EPS for insulation. For the transparent 
part, several types of glazing are available including 
double glazing however, the prices of it are high due to 
the rarity of its usage in residential buildings. 

The results optimizing the envelope configuration and 
adopting the simple measures were the reduction of the 
annual cooling needs from 133.15 kWh/m2 to 100 
kWh/m2, and the discounted payback period for the 
technologies applied is 6 years. 

The effect of the global warming on the cooling energy 
needs and consumption were studied, it was found that the 
cooling energy needs is expected to increase by 40% from 
133.15 kWh/m2 under the present weather conditions up 
to 220 kWh/m2 in 2080. Also, the peak cooling load is 
expected to increase from 3.24 kW to 4.19 kW which in 
this case will cause the HVAC system to be considered 
undersized. The EER in summer will decrease due to the 
increase in the external temperatures. At 2 p.m. on the 
15th of August the EER is expected to drop from 3 to 2.5 
in 2080. Consequently, the electricity consumption is 
expected to increase. 
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Figure 9: Annual cooling load and reduction from the baseline for all the external wall alternatives. The code on the x-

axis is described in Table 1 

 
Figure 10: cash flow for each set of thermal mass alternatives. 

 
Figure 12: The monthly and annual cooling loads for the base line and the final configuration with the reduced 

lighting. 
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