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Abstract 

As the fraction of global energy consumption derived from renewable  
energy sources continues to increase, solar energy is the one among the 
others with the largest growth in usage. Despite its advantages, which include 
cost-effectiveness and the ability to be used in a wide range of applications, 
there are some factors that play a significant role in the total energy 
production of a photovoltaic system. Some of them are the tilt and orientation 
of the solar panels and the shadows generated. This work aims to conduct 
simulations of photovoltaic systems to be installed on a building of the 
laboratories of Mechanical Engineering at the Polytechnic Campus of the 
National Technical University of Athens. The building is characterized by a 
gross rooftop area of about 2000 m2. In this study, the Skelion software, a 
plugin in the environment of Sketchup, is used. Initially, using the dimensions 
of the building based on the calculation from three-dimensional rendering 
maps from Google Earth, as well as observation and measurement of 
dimensions on-site, the design of the building and the surrounding area is 
completed. Subsequently, an analysis of certain parameters is carried out, such 
as the type of photovoltaic panel, the shading on the surfaces, and the optimal 
tilt and orientation of the panels, aiming at the optimal utilization of solar 
energy potential. In addition to the above, certain scenarios for the placement 
of photovoltaic panels both on the roof of the building and on its sides are 
examined. Lastly, based on the results, an economic analysis and comparison 
are carried out to find the system with the optimal energy performance that 
will be as profitable as possible. As a result, the maximum annual energy 
production, in accordance with the acceptable energy efficiency of the solar 
panels, was found to be 247 MWh, with the maximum rate of losses due to 
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shading being equal to 10%. Furthermore, the net present value of the specific 
scenario rises to 20 k€ and the payback period was calculated to be 10 years. 

Keywords: Photovoltaics; Solar Systems; Shadowing effects; Shadow trajectories; 
Installation methods  

1. Introduction 

In recent years, both the energy crisis and climate change have become some 
of the most critical issues whose mitigation is considered essential. During the 
latest decades, several factors such as the increase in energy demand, 
geopolitical tensions, disruptions in supply chains, the growing urgency 
surrounding climate change, and others led to the energy crisis, which forced 
Europe and many other countries to strategically increase the use of renewable 
energy in order to reduce the utilization of fossil energy [1-4]. One of the most 
promising solutions among renewable energy sources is proved to be solar 
energy, which can be harnessed in two primary ways: solar thermal systems 
and photovoltaic (PV) systems. While solar thermal systems use solar energy to 
heat water or air or some other heat transfer fluids, for direct use or later 
exploitation, the PV systems capture solar energy for delivering electricity with 
the use of semiconductor materials. Despite their disadvantages, which mainly 
include the relatively low efficiency and the large areas required for installation, 
the technological improvements in recent years have made them the 
technology with the largest share of new additions. The total global installed 
capacity of photovoltaic systems at the end of 2023 surpassed 1.3 TW, with the 
largest proportion of these installations located in Asia, particularly in China [5]. 
However, the efficiency of photovoltaic systems depends on several 
environmental and technical factors affecting the available solar radiation. For 
the maximization of efficiency through the selection of the best possible 
installation parameters such as tilt and orientation angle is of high importance. 
Thus, simulating scenarios before the installation plays an essential role. In the 
literature, there is some research conducted referring to photovoltaic systems 
simulations. Pons et al. (2016) [6] modeled a photovoltaic system installed in an 
urban area in Marrakech, whereas Tian et al. (2024) [7] used an innovative 
method for evaluating the urban roof photovoltaic potential based on open-
source satellite images. Additionally, Zhu et al. (2023) [8] performed analyses 
for rooftop PV installations on multiple university campuses in China and Aktas 
et al. (2024) [9] performed a technoeconomic analysis of college rooftop for 
grid‑connected PV power generation for a campus in Turkey, using PVsyst.  

In this direction, this study examines the performance of a photovoltaic system 
installed on the roof of a university building, including a detailed shadowing 
analysis and calculation of installation parameters like tilt and orientation factors. 
The analysis is conducted through the combined use of tools within the SketchUp 
and Skelion environment, enabling integrated 3D shadow simulation, spatial 
layout planning, energy yield estimation, and financial evaluation under different 
scenarios. This methodology provides a practical and adaptable framework for 
PV system assessment under realistic design and economic conditions. 
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2. Materials and Methods 

In the present section, the basic parameters concerning the university building 
and the photovoltaic panels are discussed. Additionally, the simulation 
parameters as well as the mathematical modelling for the simulation process 
are also presented. 

2.1 Design of the university building 

The building examined in the present analysis is a university building of the 
National Technical University of Athens (longitude: 23.78°, latitude: 37.97°). It 
was designed in the environment of SketchUp, based on the calculation of 
dimensions from three-dimensional rendering maps from Google Earth, as well 
as observation and measurements of dimensions on-site. The building has an 
available rooftop area of approximately 2000 m2. The basic building dimensions 
are presented in Table 1, and the designed building is shown in Figure 1.  

Table 1 Basic dimensions of the designed university building. 

Building element Length [m] Width [m] Height [m] 
Base 72 32 7 
Roof 63 16 2 

Roof elements 2 1.5 1.5 
Windows of roof 1 - 1 

Windows of 1st floor 0.95 - 1.8 

The design of the surrounding terrain, which is essential for the accuracy of the 
performance analysis of the photovoltaic system, is completed with the use of 
Placemaker, a plugin in SketchUp. It includes the integration in the existing 
layout of roads and pedestrian paths, as well as the integration of surrounding 
buildings and trees which will play a key role in the shadow analysis that will be 
performed, as shown in Figure 1. 

  
(a) (b) 

Figure 1 Examined site. (a) The examined university building designed in the environment of SketchUp, (b) The 
surrounding terrain of the examined building in the environment of Placemaker. 

2.2 Shadow analysis 

In this study, a detailed shadow analysis was performed, because of the 
important role that shadowing can have on the energy performance of the 
photovoltaic panels. Shadowing has proved to be responsible for significant 
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reductions in energy output. One of the main reasons is the reduced available 
area of the photovoltaic panels. Moreover, since the panels can be connected 
in series or parallel in an array, the shadowing of one panel or even of a cell can 
reduce the current flow for the entire string, causing a disproportionate drop 
in energy production. This can reduce the energy output by even more than 
50%, even if only 10–20% of the photovoltaic panel is shaded [10]. Additionally, 
a shaded part of a panel can act as a load, converting power to heat and this 
can lead to the creation of hot spots, which can cause damage to the panel, 
affecting its production and lifespan [11]. The meteorological inputs used in 
this analysis were derived from Typical Meteorological Year (TMY) datasets 
from Skelion, which provide representative climate conditions necessary for 
accurate energy performance modeling. 

2.2.1 Shadow projection and design 

SketchUp and Skelion, a solar systems’ design plugin for SketchUp, provide 
some tools for the shadow projection and solar obstructions design on a 
surface, which for the present study is the roof of the designed university 
building. These tools not only include the projection of the shadows of 
neighboring buildings and trees on the roof but also the design of the outline 
of shadows on the roof for a selected timeframe before and after the solar noon. 
Given the geographical location and orientation of the building, the shadow 
projection and design are completed with the use of a model with simple 
geometrical equations, as described in the following example of the shadow 
calculation of the building shown in Figure 2. 

 

Figure 2 Schematic representation of the shadow analysis calculations. 

As shown in Figure 3, the position of the sun at the specific time of the day 
leads to the fact that the building's western wall casts a shadow, whose 
dimensions will be calculated through the determination of the coordinates of 
the edge points. 

The shadow projection of the southwest side of the building (A-Β), with height 
equal to H, is equal to A-Β’ and its length (l) is calculated by the following 
equation, where  

l = ℎ ∙ tan𝜃                                                       (1) 

https://www.sciencedirect.com/science/article/pii/S0960148125004835#fig5
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For a surface at the level of zero height, a coordinate origin (O) is defined at its 
southeast corner. The coordinates of the building’s point A are: 

(xΑ, y𝛢) = (−𝑘, −t)                                                     (2) 

Then, the coordinates of the projected point B’ (xB’, yB’), can be calculated with 
the use of the following equations. 

xB′ = l ∙ sin𝜑 − k                                                       (3) 

yB′ = l ∙ cosφ − t                                                       (4) 

Respectively, the coordinates of the projected point C’ can be calculated, which 
leads to the determination of the shaded area.   

 

Figure 3 Minimum distance between two different rows of photovoltaic panels to 
minimize shadow losses. 

2.2.2 Spacing of panels 

The photovoltaic panels installed on roofs in urban areas are usually installed 
in rows. In these cases, the rows must be arranged in a way that the shadow of 
the previous row does not affect the next one. For the determination of this 
minimum distance between the rows, the calculations are being conducted 
considering the day of the winter solstice (21st of December), when the solar 
elevation is at its minimum. Another important factor with an immediate effect 
is the geographical location of the location where the panels are installed, as 
well as the orientation and inclination angle of the installed photovoltaic 
panels. 

The minimum distance between two different rows of photovoltaic panels to 
minimise the shadowing losses (Da) is calculated using the following formula, 
where (La) and (φ) are the length of the PV array inclination plane and the 
latitude of the installation location, respectively, as shown in Figure 3. 

Da = La ∙ cos β + La ∙ sin β
0.707∙tan φ+0.4338

0.707−0.4338∙tan φ
                                  (5) 
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2.2.3 Limit of maximum losses due to shadowing and panel removal 

In accordance with the aforementioned regarding the shadow analysis of the 
present study, the determination of the percentage of losses because of 
shadowing, for each photovoltaic panel installed was completed. In addition to 
that, the photovoltaic panels, whose losses due to shadowing exceeded the 
selected maximum limit, were finally removed. Thus, the energy performance 
of the photovoltaic system installed was increased. 

2.3 SOF factor, best inclination and orientation angles 

Both the tilt angle (angle between the panel and the horizontal plane) and the 
orientation (azimuth) angle of a photovoltaic panel have a significant effect on 
the energy efficiency of the panel. The optimal angles can differ among 
different photovoltaic systems, so in this study in order to achieve the 
maximum possible efficiency, the optimal angles were calculated with the use 
of the Solar Orientation Factor (SOF). The SOF can be calculated by dividing the 
solar energy available at the actual tilt and orientation of the surface, by the 
solar energy that would be available at the surface with optimal tilt and 
orientation, as described by the following equation. 

SOF =
Solar enegy on actual panel orientation

Solar energy at optimal orientation
   (6) 

SOF values range from 0 to 1 (or 0% to 100%), where the maximum value 
corresponds to optimal orientation.   In the present study, SOF was calculated 
using Skelion, parametrically in relation to the different possible combinations 
of tilt and orientation angles. 

2.4 Photovoltaic panels  

One of the scenarios that were investigated in this study was the comparison 
of the total energy produced by different types of photovoltaic panels. The 
basic parameters of the solar panels that were used are presented in Table 2. 
Their evaluation was completed with an emphasis on their antagonizing 
characteristics, such as nominal power and efficiency against panel area, in 
order to determine the most suitable type of panel for the needs of the study 
(designed building with the specific available area on the roof). A temperature 
coefficient of Power equal to -0.35%/°C [12] and a module degradation rate of 
0.7% per year [13] were used to account for the impact of temperature 
variations on panel output and the gradual efficiency loss over time. 

Table 2 Basic specification parameters of the solar panels used in the present study. 

Parameter SunPower M series 
SPR-M440-H-AC 

Longi LR4-
72HPH 455M 

SunPower E Series Residential 
AC SPR- E20-327-D-AC 

Length [mm] 1872 2094 1558 
Width [mm] 1032 1038 1046 

Thickness [mm] 40 35 46 
Rated Power [W] 440 455 327 

Material Monocrystalline 
Silicon 

Monocrystalline 
Silicon Monocrystalline Silicon 

Weight [kg] 21.8 23.5 20.6 
Nominal efficiency [%] 22.8 20.9 20.4 

Cost [€] 190.6 147.5 167.7 
Cost per installed panel area [€/m2] 98.7 67.9 102.9 

Cost per installed panel power [€/W] 0.43 0.32 0.51 
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The type of the photovoltaic panel that had the higher energy efficiency was 
also used in the scenario where the panels were installed with a west 
orientation. This case has been investigated comprehensively in recent years, 
as it might lead to a lower energy production in total, but it provides a higher 
production in the hours after noon and until sunset, when the energy demand 
is also higher.  

2.5 BIPV - BAPV 

In addition to the aforementioned scenarios, this study includes the analysis of 
Building Integrated Photovoltaics (BIPV) and Building Applied Photovoltaics 
(BAPV) systems installed in the designed building. In a BIPV system, the 
photovoltaics can be used to replace conventional construction materials of the 
building’s envelope, which leads to a relatively lower initial investment cost due 
to the reduction in expenses for conventional building materials and labor. The 
characteristics of the photovoltaic panels used in the BIPV scenario are shown 
in Table 3.  

Table 3 The characteristics of the photovoltaic panels used in the BIPV scenario. 

Parameter Value 
Brand Hanergy GlobalSolar 
Model PowerFLEX 

Length [m] 0.5 
Width [m] 0.5 

Thickness [m] 0.003 
Power [W] 52.5 

Weight [kg] 1.27 

Regarding the BAPV system examined in this study, the photovoltaic panels 
were installed in the exterior of the building envelope, leaving a gap of 0.45 m 
between the panels and the building. This distance, along with the appropriate 
airflow, allows the cooling of the photovoltaic panels and thus the improvement 
of their efficiency, but it also reduces the thermal loads of the building [14,15]. 
As a result, not only the total energy produced is higher, but also the total 
energy demand of the building is lower. 

2.6 Economic analysis 

For every scenario investigated in the present study an economic analysis was 
conducted with the calculation of the basic financial metrics Net Present Value 
(NPV), Internal Rate of Return (IRR), and Payback Period (PBP). NPV is the sum 
of the difference between the present value of cash inflows and the present 
value of cash outflows over a period of time. If the value of NPV is positive, it 
means that the project is profitable in contrast to cases where NPV has a 
negative value which are not financially viable [16]. NPV is calculated through 
the following formula where (Ct) is the cash flow at the specific time (t), (n) is 
the total number of periods, (r) is the discount rate, and (C0) is the initial 
investment (cash outflow at time t=0). 

NPV = ∑
Ct

(1+r)t − C0
n
t=0                                                  (6) 

Regarding IRR, it is the discount rate at which the NPV of the cash flows from a 
case equals zero and when it is calculated to be higher than the required rate 
of return, the project is considered profitable. PBP is the amount of time 
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needed to generate enough cash flow to cover the initial cost of a project and 
the shorter it is the more financially attractive the project is considered. For the 
calculation of the aforementioned factors, the parameters presented in the 
following Table 4 were used.  

For the calculation of these factors, three different scenarios (optimistic, 
baseline, and pessimistic) were considered, with different values in key 
parameters such as energy selling price, tax rate, loan interest rate, 
maintenance and operating costs, discount rate, evaluation period, and loan 
repayment terms to reflect a range of possible future conditions. 

Table 4 Parameters used for the economic analysis. 

Parameter Value (baseline 
scenario) 

Value (pessimistic 
scenario) 

Value (optimistic 
scenario) 

Evaluation Period 25 years 25 25 
Discount rate 8.0% 10.0% 6.0% 

Maintenance and operating cost 2.0% 4.0% 1.0% 
Energy selling price 0.07 €/kWh 0.04 €/kWh 0.12 €/kWh 

Tax on profits 35.0% 40.0 % 30.0 % 
Loan repayment period 10 years 8 12 

Loan interest rate 10.0% 15.0 % 7.5 % 

3. Results 

3.1 Shadows’ projection 

After designing the building, the surrounding area, and defining the 
geographical location (longitude and latitude), the shadows’ projection on the 
roof of the university building for the day of winter solstice is completed with 
the use of Skelion, as shown in Figure 4, at 12:00 and 15:00 respectively. 

  
(a) (b) 

Figure 4 Shadows’ projection on the roof of the university building at (a) 12:00 and (b) 15:00. 

Additionally, the shadows’ design on the roof of the university building for the 
time frame between 09:00 and 15:00 on the day of the winter solstice is shown 
in Figure 5. As can be observed from Figure 5 most of the surface of the 
peripheral sector of the roof will be affected by shadowing for some time 
during the aforementioned timeframe, while on the contrary most of the 
central sector of the roof will not be affected and thus lead to a greater area 
available for PV installation and a higher energy production for this sector. 
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Figure 5 Shadows’ representation on the university building’s roof for the time 
frame between 09:00 and 15:00. 

3.2 Shadow Orientation Factor 

Figure 6 depicts the variation of the SOF factor for various tilt and orientation 
angles on the roof of the university building and the variation of the SOF factor 
for different tilt angles for an orientation angle equal to 180°, when the relative 
tilt follows the north-south orientation (black line) or opposite direction (blue 
line). The maximum value of the SOF factor is equal to 100% and is observed 
when the tilt angle is equal to 30° and the orientation angle is equal to 180°. 

  

(a) (b) 

Figure 6 Shadow Orientation Factor (SOF) on the roof of the university building. (a) SOF factor for various tilt and 
orientation angles, (b) SOF factor for different tilt angles for orientation angle equal to 180°. 

3.3 Effect of shadows on energy production 

Figure 7 depicts the calculation of the energy losses due to shadowing and the 
removal of photovoltaic panels whose shadow losses exceed the permissible 
limit, which in this study was selected at 10%.  
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(a) (b) 

Figure 7 Effect of shadows on energy production. (a) Calculation of energy losses due to shadowing, (b) removal of 
photovoltaic panels with losses that exceed the permissible limit. 

As shown in Table 5 the calculations are completed for six different simulation 
scenarios regarding different permissible limits of shadow losses. In each 
scenario, the number of photovoltaic panels installed, and the annual energy 
produced are calculated for both the central and the peripheral sectors of the 
roof of the university building. Additionally, the total energy produced per 
installed area for the whole roof is calculated and the results are also depicted 
in Figure 8. As observed, the peripheral sector has a greater variation than the 
central, due to the fact that it is more affected by shadowing as shown in the 
aforementioned Figure 6.  

Table 5 Simulation studies for different threshold shadow levels. 

Study Maximum 
losses due to 
shading [%] 

Central sector of the roof Peripheral sector of the roof Total energy 
per area 

[kWh/m2] 
Number 
of panels  

Annual energy 
produced [MWh] 

Number of 
panels  

Annual energy 
produced [MWh]  

1 100 187 116.36 170 105.78 646.67 
2 10 187 116.36 132 83.76 656.98 
3 8.5 185 115.47 124 78.74 658.02 
4 7 184 114.85 124 78.74 658.06 
5 5 182 113.68 122 77.51 658.51 
6 4 180 112.56 112 71.28 659.52 

 

Figure 8 Total energy in kWh/m2 for all the available roof area.  
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3.4 Results of the economic analysis for the baseline scenario 

Table 6 presents the calculation of the basic financial metrics (baseline scenario) 
completed for the baseline case, where different types of photovoltaic panels 
are installed on the roof of the university building. As can be observed, the 
project is more financially attractive when the Longi LR4-72HPH 455M panel is 
selected, which is also used in the rest of the scenarios.  All three scenarios 
(baseline, optimistic and pessimistic) yielded profitable results. 

Table 6 Basic financial metrics for the baseline scenario. 

Panel model Initial investment cost [€] NPV [€] IRR [%] PBP [years] 
Longi LR4-72HPH 455M (baseline scenario) 27,117.0 9,448.0 13.8 9 

SunPower M series SPR-M440-H-AC 33,336.0 8,301.0 12.2 10 
SunPower E Series Residential AC SPR- E20-327-D-AC 34,496.0 1,857.0 8.9 12 

Longi LR4-72HPH 455M (optimistic scenario) 27,117.0 13,218.0 15.8 7 
Longi LR4-72HPH 455M (pessimistic scenario) 27,117.0 7,193.0 11.1 11 

3.5 West oriented photovoltaic panels 

Figure 9 depicts the installation of photovoltaic panels on the roof of the 
university building with a west orientation and the results of the simulation for 
this alternative scenario. As can be observed, the total energy production when 
the photovoltaic panels are installed with an orientation angle equal to 200° is 
165.3 MWh, leading to a reduction of 33.1% compared to the production of 
247.1 MWh when the orientation is 180o. 

  

(a) (b) 

Figure 9 West oriented photovoltaic panels. (a) Installation of photovoltaic panels with a west orientation, (b) 
results for west-oriented panels. 

3.6 Alternative scenarios: BIPV and BAPV solutions 

Figure 10 depicts the installation of photovoltaic panels in the BIPV and BAPV 
scenarios. Both scenarios are investigated assuming a standalone building. A 
different type of photovoltaic panel was used in each scenario. While in the 
BIPV scenario the area of the windows is not covered with photovoltaic panels, 
in the BAPV scenario the whole surface of the side of the building is exploited, 
which increases the energy potential of the building while decreasing its 
thermal loads.  

Table 7 presents the results of the simulation for the BIPV scenario whereas 
Table 8 depicts the results of the BAPV scenario. As can be observed in both 
scenarios, the south side of the building is responsible for the highest energy 
production (54.5 MWh and 43.6 MWh respectively), but considering the 
surrounding buildings, the south orientation is not an option, so the west and 
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east orientation are considered as valuable. One of the reasons for the 
differences between the total energy production of the BIPV and BAPV systems 
is the model of the photovoltaic panels used in each scenario. Additionally, the 
higher number of photovoltaic panels installed on the east side of the building 
in the BIPV scenario is responsible for the higher energy production in 
comparison with the west side of the building. 

  
(a) (b) 

Figure 10 Installation of photovoltaic panels in the: (a) BIPV scenario, (b) BAPV scenario.  

Table 7 Simulation results for the BIPV scenario. 

Side of Building Number of Panels Annual Energy Produced [kWh] Energy per Installed Area [kWh/m2] 
South 1311 54,569.08 166.5 
North 1323 17,599.81 53.2 
East 652 21,354.40 132.1 
West 558 17,700.42 126.9 

Table 8 Simulation results for the BAPV scenario.  

Side of building Number of panels Annual energy produced [kWh] Yield [kWh/kWp] 
South 550 43636.88 793.40 
North 550 13965.54 253.92 
East 209 12802.68 612.57 
West 202 12490.65 618.35 

4. Discussion 

In this work, the installation of a photovoltaic building on the roof of a university 
building as well as alternative solutions are investigated in both efficiency and 
financial terms. The proposed approach of this study combines multiple tools 
within the SketchUp and Skelion environment to perform an integrated 
analysis, including accurate 3D-based shadow simulation, spatial system 
configuration, energy yield estimation, and scenario-based financial 
evaluation. This combination enables a more holistic and practical assessment 
of PV system performance under real-world design constraints. The 
methodology is adaptable and can be applied to various building types and 
contexts, enhancing its generalizability and providing valuable insights for both 
technical design and early-stage investment decision-making. The shadowing 
effect of neighboring buildings and obstacles is taken into consideration for the 
determination of the available area for photovoltaic panel installation. 
Additionally, the calculation of the SOF factor indicates that the optimal angles 
for the panels’ installation are 180° for the orientation angle (south orientation) 



Green Energy and Sustainability 2025;5(4):0010  Page 13 of 15 

and 30° as a tilt angle, which are in accord with the respective literature 
regarding the geographical location of the building. After the installation of the 
photovoltaic panels on the roof is complete, the calculation of losses of each 
panel individually due to shadowing is conducted and then the ones with losses 
exceeding a permissible limit are removed. Thus, the efficiency of the system 
can be improved by 14.3%, with a permissible limit equal to 4.0%. Regarding the 
alternative solutions examined in the present study, the installation of panels 
with a west orientation equal to 200° resulted in a reduction in the total energy 
production of 33.1%, not only because of the lower efficiency of the panels for 
the specific orientation angle in comparison to the optimal one of 180°, but also 
because of the geometry of the building which affects the number of panels 
installed. The BIPV and BAPV solutions examined revealed a potential energy 
production of the east and west sides of the building equal to 39 MWh and  
25.1 MWh respectively. The south orientation is not considered an option due 
to the surrounding buildings and other obstacles.  

5. Conclusions 

The optimal scenario regarding efficiency and profit, among those examined in 
the present study, proposed for the installation of a photovoltaic system on the 
roof of the university building examined in the present study includes the 
installation of 397 photovoltaic panels both in the central and peripheral 
sectors of the roof. The orientation angle should be 180° whereas the tilt angle 
30° and, as a result, the total energy production is equal to 247 MWh. 
Additionally, the financial metrics calculated for the best scenario include an 
NPV equal to 9448 €, an IRR equal to 13.8% and a PBP equal to 9 years, all 
indicating a profitable investment. One of the most important conclusions of 
the present study is that shadowing is a very important investigation parameter 
for the installation of photovoltaic systems. Additionally, another important 
conclusion is that other possible solutions such as BIPVs and BAPVs could 
increase significantly the total energy production of a system installed on a 
building, as well as that an overall economic analysis is essential for a holistic 
comparison of all the possible solutions. 

In the future, it will be useful to conduct a study to examine the validation of 
the modeled outputs against measured or empirical data from a similar 
installation. Additionally, there could be an investigation for the thermal and 
cooling loads of the building after the installation of a BAPV photovoltaic 
system, as well as one for the energy consumption of the building and the other 
buildings of the campus and determination of the percentage of these 
consumptions that can be provided from the installation of a larger 
photovoltaic system. Finally, it would be essential to investigate the 
performance of a BAPV system integrated with an electricity storage system 
(batteries) or directly connected with the electricity grid. 

Abbreviations 

PV Photovoltaic 
SOF Solar Orientation Factor 
BIPV Building Integrated Photovoltaics 
BAPV Building Applied Photovoltaics 
NPV Net Present Value 
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IRR Internal Rate of Return 
PBP Payback Period 
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