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ABSTRACT 
This research dealt with semi-transparent photovoltaic STPV as a substitution material of the 
transparent parts of office building envelope. Integrating STPV in facades especially in the 
transparent parts plays a major role in improving the thermal performance due to its impact on 
reducing the amount of solar heat gain thus reducing cooling loads in addition to not having any 
negative consequences on the environment. As a result, it is trigger for STPV to be integrated in 
office building facades especially that in these buildings 51-59% of total energy consumption is 
for achieving the visual and thermal comfort [1]. This is due to the extensive depending on 
utilization of mechanical methods in achieving the indoor thermal comfort. As a result of the over 
consumption of energy in achieving the thermal comfort, the situation of energy crisis that Egypt 
is facing nowadays became more worse in addition to increasing the level of pollution and carbon 
emissions. 
This paper assesses the thermal performance of STPV integrated in office building facades 
through simulation conducted with Design builder software. The thermal performance of STPV 
is evaluated by investigating the efficient design of STPV through different parameters. These 
parameters are window to wall ratio WWR and visible light transmittance VLT, with taking into 
account the impact of using lighting control system. It is obtained, as a result of this study, that 
integrating STPV in office building facades could save almost half of cooling loads regardless of 
the difference in climatic conditions over the investigated three climatic regions in Egypt. 
 
Key Words: Renewable Energy, Semi-transparent photovoltaic, Thermal performance,  
                      Solar heat gain, Office buildings. 

 ملخص البحث
حیث . الخارجى للمبانى الإداریةغلاف ال من ة الشفافجزاء شبھ الشفافة كمواد بدیلة للأالكھروضوئیةالخلایا تناول ھذا البحث 

ًدورا رئیسیا في تحسین الأداء الحراريیلعب   منھاواجھات خاصة في الأجزاء الشفافةالفي ھا دمجأن  لما لھا من   الداخلىً
.  على البیئة لھا سلبیةآثار بالإضافة إلى عدم وجود أي ریدالاكتساب الحرارى وبالتالى تقلیل احمال التبكمیة تقلیل على  تأثیر

 خاصة أنھ في ھذه الإداریةالكھروضوئیة شبھ الشفافة في واجھات المباني الخلایا ونتیجة لذلك ، فإنھ من المحفز أن یتم دمج 
ویرجع ذلك إلى الاعتماد .  [1]ةلتحقیق الراحة البصریة والحراری المستھلكة  ٪ من إجمالي الطاقة٥٩-٥١  یتم استھلاكالمباني

 في تحقیق  للطاقة المفرطكستھلاھذا الانتیجة ل. المكثف على استخدام الطرق المیكانیكیة في تحقیق الراحة الحراریة الداخلیة
ً أزمة الطاقة التي تواجھھا في الوقت الحاضر أكثر سوءا بالإضافة إلى زیادة  موقف مصر منالراحة الحراریة ، أصبح

  .انبعاثات الكربونزیادة ى التلوث ومستو
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  من خلال الإداریةمتكاملة في واجھات المبانيالالكھروضوئیة شبھ الشفافة  للخلایا  تقییم الأداء الحراريبحث تم الاھذفى 
 رعاییھذه الم. من خلال معاییر مختلفةلھا  التصمیم الفعال للوصول الى Design Builder برنامج باستخدام محاكاة اجراء
وصول الى نتیجة لھذه الدراسة ، تم ال.  ، مع الأخذ في الاعتبار تأثیر استخدام نظام التحكم في الإضاءةVLT و WWRھي 
  بغض  التبریدأحمال ما یقرب من نصف ھ توفیر یمكن الإداریةالكھروضوئیة شبھ الشفافة في واجھات المبانيلخلایا تكامل اأن 

 .لمناطق المناخیة الثلاثة التي تم التحقیق فیھا في مصرلناخیة الاختلاف في الظروف المالنظر عن 
 

2 INTRODUCTION 
The most dangerous issue facing Egypt nowadays is the energy crisis. The rate of energy 
consumption in Egypt grew significantly within the last two decades until it exceeded 165% [2]. 
The main factor caused this significant increase of the energy consumption in Egypt is trying to 
compensate the negative consequences of industrial revolution in terms of indoor thermal 
comfort. During the industrial revolution the higher availability of glass besides new construction 
materials such as steel and concrete allowed larger glazed areas to be realized in building 
envelopes. Highly glazed buildings; which are a development of the daylight architecture in 
moderate climates, have become a world-wide standard for non-domestic constructions such as 
offices. Consequently, they revealed negative effects on indoor thermal comfort in regions of hot 
climate. It was difficult to keep heat in winter and buildings became more vulnerable to overheat 
in summer. As a result of that, achieving the indoor thermal comfort became depending mainly 
on the extensive utilization of mechanical methods thus causing over consumption of energy [3]. 
Due to that, improving the energy performance in highly glazed building became challenging. As 
façade is the mediator between the indoor and outdoor environment, optimizing the building 
envelope design will control the overconsumption of energy to accomplish thermal comfort. One 
of the most promising technologies that could be integrated into the building envelope to improve 
the indoor thermal performance is semi-transparent photovoltaic STPV technology [4]. 
Integrating STPV in office buildings façade might cause summer overheating besides glare 
problems, due to penetration of solar radiation, if inappropriately designed [5]. Consequently, it 
needs to investigate its efficient design that could improve the indoor thermal performance by 
providing the highest cooling/heating savings. 
Current studies in this area includes assessment of the thermal performance of STPV, as a part of 
overall energy performance, through investigating many parameters such as window to wall ratio 
WWR, Visible light transmittance VLT and orientation. In Singapore, it is used the simulation 
tool Energy Plus to examine six commercially available amorphous silicon STPV elements to 
evaluate the overall energy performance. The results revealed that STPV glazing solutions can 
save energy with rate between 17 and 41 % compared to conventional window glazing for large 
façade openings from 70-100% WWR [6]. However, in Hong Kong, the overall energy 
performance of STPV glazing window is investigated by integrating the simulation results of 
thermal, power, and visual behaviors. The main finding of the work was that among five 
investigated orientations, south-east is the optimal orientation for overall energy [7]. In Madrid, it 
is found that all investigated STPV elements with visible transmittances from 0 to 40% can 
improve the building energy efficiency compared to the regular glass (RG) solution. They can 
provide an energy balance index (EBI) reduction ranging between 22 % (for element 40) and 32 
% (for element 20) [8]. While in Tokyo, The results of simulation showed that VLT of 40% and 
WWR of 50% achieved the minimum energy consumption in the building when artificial lighting 
was controlled with daylighting [9].  
Therefore, there is still a lack of research on the thermal performance of STPV through finding 
efficient WWR and VLT in Egypt’s climate where the cooling loads became high almost 
throughout the whole year. This study aims to find the efficient design of STPV; WWR and VLT, 
that could accomplish the highest cooling savings in Egypt’s climate with taking into account the 
effect of using the artificial lighting control system. 
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3 Profile of Egypt’s climate 
Egypt lies in dry arid region according to the world climatic classification [10]. Solar energy is 
abundant in Egypt. It enjoys solar irradiation ranging from 2000-3200 kwh/m2/y. The sun shine 
duration is around 9-11 h/day as per Egypt’s distinguishing position in the Sun Belt area [11]. 
However, the desert conditions that are prevailing in Egypt also result in high summer 
temperatures and high levels of dust, both of them have negative consequences on solar 
technologies. They could lead to rapidly deterioration for solar energy appliances. Although these 
challenges, solar technologies could be deployed widely throughout Egypt. [12]. 
Egypt is divided into eight climatic regions; Northern coast, Cairo and Delta, North upper, South 
upper, Eastern coast, Highlands, Desert and South Egypt. Each climatic region has different 
characteristics [10]. For this research, Cairo in Cairo and Delta region, Alexandria in Northern 
coast region and Aswan in South Egypt region, are chosen to investigate the thermal performance 
of Semi-transparent photovoltaic (STPV) integrated in office building facades. Those three 
regions are chosen as each region has its own climatic conditions that differ from the other 
regions. Each region differs in humidity, temperatures average and the amount 
of precipitation (rain, snow etc.). It can be noticed clearly that Aswan has the highest temperature 
average and the lowest humidity ratio while Alexandria has the lowest temperature average and 
the highest humidity ratio. Cairo is the medium condition between Aswan and Alexandria [13]. 
4 Research methodology 
Computer simulation is conducted for this research to reach to the maximum thermal savings 
when semi-transparent photovoltaic STPV integrated in Office building facades. To run the 
simulation, Design builder software as a graphical interface with Energy plus 4.0 as a simulation 
engine are used. Energy plus is building energy simulation program having the capabilities for 
modeling building heating, cooling and lighting loads besides other energy flows [14]. Figure  4.1 
illustrates steps of simulation performed. The model used in simulation should be defined 
through many points such as geometry, climatic conditions and façade properties. This study 
needs to identify the specifications of STPV modules used in simulation. The investigated STPV 
modules are integrated in the southern façade by window to wall ratios (WWRs) 10%-100% and 
different visible light transmittances (VLTs) 10%-40% with taking into account the impact of 
using artificial lighting control system. All obtained results will be compared with the results in 
case of using conventional glazing which is selected to be single clear glass (Sgl Clr glass). 
 

 
Figure  4.1 Methodology steps 
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5 MODEL SET UP 
The model that is used in simulation is an office room in a hypothetical office building of simple 
design having a rectangular typical floor plan. This office building consists of offices zones are 
distributed around service core in the middle of the floor. Its facades are facing the four main 
orientations; north, south, east and west. It is selected an office room with dimension of 5m * 5m 
in the southern orientation to run the simulation. The internal walls for the simulated office room 
were assumed to be adiabatic to prevent heat transfer in between so that each perimeter zone can 
be accurately analyzed. Figure  0.1 shows the simulated office room selected in typical floor of the 
hypothetical office building. 

 
Figure  0.1 hypothetical office room used in simulation 

 

The internal heat gains and building construction details are shown in Table  0.1and Table  0.1, 
respectively. Also time schedule for occupants and the percent variation in lighting and 

equipment using is shown in  
Table  0.1. The construction details values used in simulation adhered to the Energy efficient code 
(ECP 306 - 2005 / 2005 – Code 306) part 2 for commercial buildings (306/2). 

Table  0.1 Design values for internal heat gains 
Orientation  South 
Total simulated area 5*5=25m2 
Clear height  3m 
Window – to – wall ratio (WWR) 10-100% 
Transmittance degree 10-40% 
Illuminance set point 500 lux 
HVAC temperature set point 24 c 
Heating temperature set point 22 c 
Occupancy (4 persons; 3 men and 1 woman) 0.16 person/m2 
Lighting density 6.4 W/m2 (by using 4 lamps each lamp 

consumes 40 watt/hour) 
Lighting control type Stepped (2 steps) 
Equipment (1)  The office room contains 4 lab tops each one 

consumes 65 watt/hour 
Equipment (2) The office room contains 1 printer (381 

watt/hour) 
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The aspect ratio of window was 1:2 for all window-to-wall ratios (WWRs), similar to the length-
to height ratio of the external building. A split with no fresh air cooling system with a coefficient 
of cooling performance (COP) of 1.83 was chosen for the building. 

Table  0.1 Construction details of office room used in simulation 
 
Layers (outer to inner) Thermal conductivity 

[W/(m·K)] 
Density 
[kg/m3] 

Specific heat 
[J/(kg·K)] 

Thickness     
[cm] 

Exterior walls  
1- Cement mortar   0.88 2800 896 2 
2- Solid cement brick 0.840 1700 800 25 
3- Cement mortar 0.88 2800 

 
896 2 

Interior walls are assumed to be adiabatic 
Floor  is assumed to be adiabatic 
Ceiling  is assumed to be adiabatic 

 
Table  0.1 Time schedule for occupants and the percent variation in lighting and equipment using 

 

 Occupants (%) Lighting (%) Equipment (lab 
tops %) 

Equipment (printer 
%) 

0-8 hr 0% 0% 0% 0% 
8-9 hr 0% 30% 0% 0% 

9-10 hr 90% 90% 90% 90% 
10-13 hr 95% 90% 95% 90% 
13-14 hr 50% 90% 50% 30% 
14-18 hr 95% 90% 95% 90% 
18-19 hr 30% 50% 30% 10% 
19-20 hr 10% 40% 10% 30% 
20-24 hr 0% 0% 0% 0% 

 
Commercially available STPV modules are selected to run the simulation [8]. They are 
made from amorphous silicon (a-Si) with visible light transmittance range from 10% to 

40%. The specifications of selected STPV modules needed for the simulation are presented 
in  

Table  0.1; visible light transmittance degree and thermal properties (u-value and SHGC), in 
addition to specifications of single clear glass (Sgl Clr glass). 

 

Table  0.1 Specifications of the selected Semi-transparent photovoltaic 
 

Number PV tech Thickness 
mm 

VLT 
% 

U- value 
W/m2K 

SHGC 
% 

1 a-si 21 10% 2.783 0.216 
2 a-si 21 20% 2.783 0.253 
3 a-si 21 30% 2.783 0.316 
4 a-si 21 40% 2.783 0.367 

Sgl Clr 3mm - 3 88% 6.121 0.81 



 
 
 

THE IMPACT OF USING SEMI-TRANSPARENT PHOTOVOLTAIC IN OFFICE BUILDING FACADES ON IMPROVING INDOOR 
THERMAL PERFORMANCE IN EGYPT 

 

JAUES, 14, 51, 2019                                                                                          622 

6 RESULTS AND DISCUSSION 
The obtained results are divided into two cases for all investigated three regions chosen for 
simulation; Cairo, Alexandria, Aswan. Those two cases are: 

1- Case (A): without using artificial lighting control system. 
2- Case (B): with using artificial lighting control systems.  

One of the important results observed in both cases is that the heating demand can be considered 
negligible due to that the values of heating loads obtained are barely visible. 
6.1 Case (A) without using lighting control system 
From Figure  0.1 that shows the results of cooling loads for semi-transparent photovoltaic modules 
compared to single clear glass in all investigated three regions in case of not using artificial 
lighting control system, critical results for this case are obtained: 
 

Figure  0.1 Cooling loads in case of not using artificial lighting control system in three regions: (a) Alexandria, 
(b) Cairo and (c) Aswan. 

 
1- Increasing visible light transmittance (VLT) of glazing elements increases the cooling 

demand because the solar heat gains became higher. 
2- Increasing window to wall ratio (WWR) of glazing elements increases the cooling 

demand because the solar heat gains became higher. 
3- Critical results are accomplished in all three investigated regions; Cairo, Alexandria and 

Aswan, by the same combination of semi-transparent photovoltaic (STPV) despite of the 
difference in climatic conditions for investigated three regions. 

4- It is noticed clearly that there isn’t any STPV glazing element which is not appropriate to 
be used. All investigated STPV glazing elements can improve the thermal performance. 
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5- STPV10% with WWR=10%, accomplished the lowest cooling loads in all three regions. 
Its cooling performance is more efficient in Alexandria than in Cairo and Aswan. It can 
save 10%, 11% and 10.2% in Cairo, Alexandria and Aswan respectively. While STPV 
40% with WWR=100% achieved the highest cooling load. It is noticed also that it is more 
efficient to be used in Aswan than Alexandria and Cairo.it can save 33.1%, 33.8% and 
34.1% in Cairo, Alexandria and Aswan respectively. 

6- The lowest cooling energy saving is obtained by STPV 40% with WWR=10% in all three 
regions. This element is more efficient in Alexandria than Cairo and Aswan. It can save 
7.6%, 8.4% and 7.9% in Cairo, Alexandria and Aswan respectively. While the highest 
cooling energy saving is obtained by STPV 10% with WWR=100%. This element is also 
more efficient in Alexandria than Cairo and Aswan. It can save 46.3%, 48% and 46.6% in 
Cairo, Alexandria and Aswan respectively. As a result of what mentioned before, 
implementing STPV with the lowest VLT and the highest WWR can save almost half the 
cooling loads. 

 
6.2 Case (B) with using lighting control system 
From Figure  0.1 that shows the results of cooling loads for semi-transparent photovoltaic (STPV) 
modules compared to single clear glass in all investigated three regions in case of using artificial 
lighting control system, some critical results for this case are obtained: 
 

1- Due to using the artificial lighting control system, it can be noticed that: 
• Increasing the transparency degree or window to wall ratio (WWR) of STPV glazing 

elements decreases the lighting demand because there is more daylighting entering the 
space thus using the artificial lighting became less. 

 
• It can be clearly noticed that the case of using single clear glass has the lowest 

artificial lighting loads due to having the highest transmittance degree. 
2- It can be observed clearly that using artificial lighting control system caused emerging 

some inappropriate STPV combinations to be used due to their bad daylight performance 
compared with single clear glass (Sgl Clr) in all three locations. It is not appropriate to 
use STPV 10%, 20%, 30% and 40% with WWR=10% in all three regions. Also there is 
no need for implementing STPV 10% with WWR=20% in both Alexandria and Aswan. 
Besides that in Alexandria, STPV 20% with WWR=20 and STPV 10% with WWR=30% 
are inefficient elements compared with Sgl Clr glass. 

3-  
4- STPV40% with WWR=10% accomplished the lowest cooling loads in both Cairo and 

Aswan. It can save 3.3% and 4.8% in Cairo and Aswan respectively. While STPV40% 
with WWR=20% accomplished the lowest cooling loads in Alexandria. It can save 15.1% 
of cooling loads. The element accomplished the lowest cooling loads in Alexandria is 
more efficient than element that accomplished the lowest cooling loads in both Cairo and 
Aswan despite of its higher WWR compared with STPV40% with WWR=10%. While 
STPV 40% with WWR=100% achieved the highest cooling load in all three regions. It 
can save 34.4%, 36.4% and 35.7% in Cairo, Alexandria and Aswan respectively. It is also 
noticed that it is more efficient to be used in Alexandria than Aswan and Cairo. 
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Figure  0.1 Cooling loads in case of using artificial lighting control system in three regions: (a) Alexandria, (b) 
Cairo and (c) Aswan. 

 

5- The lowest cooling energy saving is obtained by STPV 10% with WWR=20% in Cairo 
(can save 10.6%) while it can be obtained by STPV 30% with WWR=20% in Alexandria 
(can save 15%) and by STPV 40% with WWR=20% in Aswan (can save 14.8%). It is 
also noticed that this element used in Alexandria is more efficient than in Cairo and in 
Aswan. While the highest cooling energy saving is obtained by STPV 10% with 
WWR=10% in all three regions. It can save 48.5% of cooling loads in Cairo, 50.3% in 
Alexandria and only 47.9% in Aswan. It is noticed that this element is more efficient in 
Alexandria than Cairo and Aswan. 

6- As a result of what mentioned before, implementing STPV with the lowest VLT and the 
highest WWR can save almost half of cooling loads in Cairo and Aswan while it can save 
more than half of cooling loads in Alexandria. 
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7 CONCLUSION 
In conclusion, the thermal performance of semi-transparent photovoltaic (STPV) integrated in 
office building facades is investigated through finding efficient window to wall ratio (WWR) and 
visible light transmittance (VLT) in Egypt’s climate with taking into account the effect of using 
the artificial lighting control system. Especially cooling loads are dominant in Egypt due to the 
high solar heat gains almost throughout the whole year. Compared to single clear glass, this0         
study found that integrating STPV in southern façade of office building either in Alexandria, 
Cairo or Aswan with VLT=10% and WWR=100% can save almost half of cooling loads, the 
highest cooling saving, in both cases of using and not using artificial lighting control system. It 
can save 48%, 46.6% and 46.3% in Alexandria, Aswan and Cairo respectively in case of not 
using artificial lighting control system. It can save 50.3%, 48.5% and 47.9% in Alexandria, Cairo 
and Aswan respectively in case of using artificial lighting control system. Also it can be 
concluded that integrating STPV in office building facades in climatic conditions of Alexandria 
is more efficient than in Aswan and Cairo. Using artificial lighting control system improved the 
cooling saving rate in all three investigated regions. It also revealed the inefficient STPV 
elements that are not appropriate to be used due to their bad daylighting performance. 
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