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A B S T R A C T  
 

In Iran, due to the problems and constraints of fossil fuels and the need to maximize the use of solar potential, 
one of the best ways is the application of photovoltaic systems integrated with buildings. Due to the significant 
dependence of solar cell performance on the availability of radiation, it is necessary for architects to have an 
accurate assessment of the amount of electricity produced in different conditions. Therefore, in the present 
work, using HOMER software, the energy-econo-Enviro (3E) potential of a Building Integrated Photovoltaic 
(BIPV) in Abadan was studied. The effect of slope and azimuth of solar cells as well as cloudiness and system 
losses were investigated using sensitivity analysis. The results showed that the PV-grid system was the most 
economical option and after the azimuth angle of zero degree, the positive azimuth angle was the most 
economical. The results also showed that the slope of 30 degree and the angle of azimuth equal to zero was 
appropriate, for which the price per kWh of generated electricity was calculated to be $0.09. For the use of 
solar cells in the vertical wall of the building, the southwest direction was the most suitable and based on the 
results, it was suggested that the western wall of the building should be in the form of “inclined PVs with 
windows”. The authors of this paper hope that the results of the present work can be used by architects and 
energy decision-makers as a guide in developing the BIPV use in Iran. 
 

https://doi.org/10.30501/jree.2021.262420.1173 

1. INTRODUCTION1 

About half of the world’s energy consumption is allocated to 
buildings, which makes buildings the largest energy 
consumption source in the world and they are equally 
important sources of carbon dioxide emissions and play an 
important role in environmental pollution [1-3]. Therefore, it 
is necessary for architects to reduce the emission of 
environmental pollutants by constructing efficient buildings 
that require less energy for cooling, heating, and lighting [4]. 
   The advantage of integrated photovoltaics over more 
common non-integrated systems is that the initial cost for the 
former can become negligible by purchasing cost-effective 
building materials and deactivating some of BIPV modules’ 
functions [5]. Compared to other methods that use 
photovoltaics, some other unique features of BIPV in 
buildings include shielding against adverse weather 
conditions, light purification, prevention of heat loss, and  
non-requirement of space for installation of modules [6]. 
These advantages make BIPV one of the fastest growing 
systems in the photovoltaic industry. 
   To design and employ building elements such as walls, 
windows, and awnings, designers usually pay much more 
 
*Corresponding Author’s Email: jahangiri.m@iaushk.ac.ir (M. Jahangiri) 
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attention to the geographical latitude of the place and climate, 
neighborhoods, sizes, etc. For designing and combining 
photovoltaics with buildings, one should also be mindful of all 
the necessities and delicacies required for the design process 
[7]. In case of designing a building based solely on climatic 
conditions of a place and integrates the photovoltaic system 
with the building properly to ensure a suitable view, the 
architect should emphasize the element of residents’ comfort 
in association with building conditions and make it a         
self-sufficient building [8-11]. 
   One-third of BIPV projects belong renovation projects while 
the other two-thirds to new buildings. Half of the BIPV 
components are used in the facade, one third in the ceilings, 
and the rest in combination in the roof and facade [12]. In 
2019, about 9 % of the global PV and construction markets 
were allocated to BIPV, which required much more attention 
to this issue [13]. According to the statistics given in Figure 1, 
Japan, France, and Italy are the leaders in the use of BIPV. At 
the end of 2018, the installed BIPV capacity for these 
countries was 3, 2.7, and 2.5 GW, respectively [14]. 
   According to Figure 2 concerning the BIPV market forecast 
[15], the investment cost in this sector will reach about 11600 
million dollars in 2027. In addition, the commercial and 
residential sectors will be accounting for a very large share of 
investments and the industrial sector will have a small share. 
In Iran and around the world, despite the enactment of laws to 
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reduce buildings’ energy waste, unawareness of housing 
professionals about new technologies and materials and, 
sometimes, wrong management policies in the field of 
construction have marginalized the use of BIPV technology in 
architecture [7]. Therefore, since most of Iran’s regions enjoy 
significant radiation potential [16, 17], the use of BIPV in Iran 
is quite reasonable. 

 

 
Figure 1. Leading countries in the use of BIPV [14] 

 
 

 
Figure 2. BIPV market forecast by 2027 [15] 

 
   The following is a review of recent research works on the 
use of BIPV in different countries. Given that the present 
work involves simulation, relevant studies have been 
considered. 
   Kuehner et al. (2017) [18] explored the possibility of 
developing BIPV in Switzerland. Hourly energy demand of 
the buildings was estimated using CitySim Pro software and 
then, by using HOMER Pro software, a number of procedures 
including optimization, performance evaluation, etc. were 
performed for different BIPV capacities. According to the 
results, full reliance on renewable energy is not yet realistic 
due to its random nature and that the use of daily and seasonal 
storage systems is also very important. With a Cost of Energy 
(COE) estimated at 0.183 $/kWh and a renewable energy 
fraction of 47 %, a scenario based on the simultaneous 
production of biomass through a BIPV-wind turbine battery 
was introduced as the most proper option. 
   Tadesse (2017) [19] evaluated the design of an off-grid 
BIPV system and carried out a feasibility analysis on it for the 
University of Bahir Dar in Ethiopia using HOMER software. 
The goal was to supply 76 kWh/day of electricity with a peak 
load of 12 kW. With a total NPC of $176815 and a COE of 
0.558 $/kWh as the result of the most economical scenario 
under consideration, there will be an economic saving of 
$40185 over 25 years compared to using the national 
electricity grid. 

Aelenei et al. (2018) [20] investigated the energy production 
potential for a building equipped with 12 kW solar cells on the 
facade and 12 kW solar cells on the roof in Portugal. They 
examined the effect of adding batteries while the systems 
under study were connected to the national electricity grid. 
The results showed that if a battery with a capacity of 13.5 
kWh was used, the best economic result would ensue such 
that the total Net Present Cost (NPC), rate of return on 
investment, and the annual electricity sold to the grid were 
1416.1 Euros, 8.1 years, and 12737 kWh, respectively. 
   Ramanan et al. (2019) [21] evaluated the performance of a 
grid-connected BIPV system for residential buildings in 
southern India. Using HOMER software, they investigated the 
effect of the slope of the solar modules and their azimuth 
angle. The results of the analysis showed that the optimal 
orientation for the installation of solar modules would be the 
facade and the eastern wall, while a sloping roof was 
recommended for the southern wall, because the annual 
energy rates produced for the 90 degree slope of solar cells in 
the south, east, and west directions were 1050 kWh, 1198 
kWh, and 1150 kWh, respectively. 
   Zomer et al. (2020) [4] evaluated the performance of a BIPV 
in Brazil under partial shading from architectural perspectives. 
Three different PV types with different slopes and azimuth 
angles were studied. The simulations were performed using 
PVSyst commercial software. Comparisons between actual 
measured data and simulations pointed to the good agreement. 
Among the studied modes, the one with a bus station roof 
enjoying an installed capacity of 2.44 kW, an annual 
production of 1.503 kWh/kWp, and a performance factor of 
92 % was the most appropriate configuration for the 
conditions under study. 
   Ni et al. (2020) [22] used the PVsyst and HOMER software 
to design and economically configure a BIPV system in 
China. In the first stage, using PVsyst software, according to 
the geographical location of the building and the operational 
characteristics of the load, suitable PV modules and the 
required area for the modules were selected. Then, using 
HOMER software, they looked into the total installation and 
operation costs, battery life, and so on. The results showed 
that using a system consisting of 6 kW PV cells with a total 
NPC of $22326 would achieve a solar power generation at a 
cost of 0.406 $/kWh. For this system, a battery with a lifetime 
of 20 years based on its performance was considered. 
   Based on the above findings and other implications, it can 
be realized that the environmental impact of using BIPV 
systems has not been studied or done. Therefore, for the first 
time, the present studied investigated the techno-econo-enviro 
performance of a BIPV system in Abadan city located in 
Khuzestan province in southwestern Iran. One-year analyses 
were performed through HOMER software and sensitivity 
analysis was applied to effective parameters. Although the 
present work is a case study, the proposed method can be used 
anywhere in the world for BIPV analysis, energy simulation, 
and calculations and performance comparisons of different 
configurations. 
 
2. DIFFERENT TYPES OF BIPV 

In the BIPV building, the architect can use six modes to 
ensure its full integration:“saw-toothed north light roof”, 
“Atrium”, “Vertical with windows", “inclined wall with 
windows”, “inclined PVs with windows”, and “fixed shadows 
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for walls” for wall and roof [23]. These modes are shown in 
Figures 3 to 8. 
   The six modes shown in Figures 3 to 8 and their impact on 
building performance are briefly described [23]. The skylight 
on the roof greatly reduces the need for electricity during the 
day by providing indirect lighting, and if combined with 
photovoltaics, they can also meet the need for night lighting. 
In the BIPV building with the aim of integrating photovoltaics 
with the roof, the architect can design the roof in the form of 
toothed skylights integrated with photovoltaics or replace 
translucent photovoltaic panels with glass and skylights and 
atriums (Figures 3 and 4). In a photovoltaic system integrated 
with a façade, heat penetration is prevented, electricity is 
generated, and the view to the outside and the provision of 
natural light are achieved (Figures 5 and 6). Photovoltaic 
panels can be used in combination with the building as 
Shadowing, Louver or Light-shelf (Figures 7 and 8). In this 
case, by installing sloping and horizontal canopies, there is no 
direct radiation into the space, which reduces the load of 
cooling equipment and provides partial electricity required for 
cooling equipment. 

 

 
Figure 3. Saw-toothed north light roof 

 
 

 
Figure 4. Atrium 

 
Figure 5. Vertical with windows 

 
 

 
Figure 6. Inclined wall with windows 

 
 

 
Figure 7. Inclined PVs with windows 

 
 

 
Figure 8. Fixed shadows 
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3. THE CITY UNDER STUDY 

As can be seen in Figure 9, in the hot and dry climate of 
Abadan, radiation on the walls and ceiling has a great role in 
increasing the cooling load of the building; therefore, 
architects must install photovoltaic panels so that the amount 

of radiation on the surface and the roof of the building would 
remain low. The purpose of this work is to prevent the 
penetration of radiation and heat into the building and to 
generate the electricity needed for cooling [4]. 

 

 
Figure 9. Climatic divisions of Iran and Abadan in particular [24] 

 
4. METHODOLOGY 

Analysis of photovoltaic panels and their smart application in 
buildings, as if there are no appendages and additional 
elements in the facade or roof, could illustrate some sensitive 
issues that must be considered in the building design [6]. 
Therefore, architects and designers need to be aware of the 

amount of energy received by PV cells in the study area, PV 
efficiency, and price of solar electricity per kWh as one of the 
building materials in different directions and slopes to the sun 
radiation [4]. 
   Based on the above finding and due to the gap in the 
knowledge and skills of architects regarding the supply of all 
or part of the energy required for a BIPV building [6], the 
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present work employed HOMER software to study the techno-
econo-enviro in the electricity supply of a 5-storey BIPV in 
the city of Abadan. The reason behind choosing the present 
building which involves performing a feasibility study of 
BIPV construction in Abadan is that with a rise in the number 
of floors and height of the building, the ratio of facade to roof 
surface increases and, as a result, facade is a good option for 
installing photovoltaic cells. In other words, BIPV is more 
valuable for designing photovoltaic systems in urban centers 
with high density. 
   Climate data on solar radiation collected over an average of 
20 years [25-27] have been extracted from the NASA site. 
The schematic of the simulation performed in the present 
work is shown in Figure 10. According to the figure, the BIPV 
building under study has the possibility of exchanging 
electricity with the national electricity grid, which converts 
the DC electricity generated by solar cells to the AC power 
consumed by an electric converter. The advantage of 
connecting the BIPV building under study to the grid power is 
reducing the cost of the photovoltaic system by selling the 
surplus electricity to the grid. 

 

 
Figure 10. Schematic of the simulated system 

 
   HOMER software uses the following equations to calculate 
the amount of electricity generated by photovoltaic cells and 
to calculate the air clearness index [28-30] by taking the 
average monthly radiation data and the geographical location 
of the study area. 
 

(1) Hoh =
24 × 60

π  Gsc × dr × (ωs. sinφ. sinδ
+ cosφ. cosδ. sinωs) 

  

(2) dr = 1 + 0.033 cos (
2πn
365) 

  

(3) δ = 0.409 sin(
2πn
365 − 1.35) 

  
(4) ωs = Arc cos  (−tanφ. tanδ) 

  

(5) kT��� =
H�

Hoh����� 

  

(6) Ppv = Ypv × fpv ×
HT����

HT,STC�������� 

Regarding the performance of HOMER software, different 
configurations including the lowest total NPC should be 
ranked in the first place based on the total NPC parameter [31, 
32]. Given the uncertainty involved, the mentioned software 
can perform sensitivity analysis for some parameters such as 
the intensity of radiation reaching the surface of photovoltaic 
cells as well as the extent of losses such as dust, wiring, 
shading, etc. Economic calculations in HOMER software are 
performed through the following equations [33-35]. 
 

(7) NPC =
Cann,total

CRF (i, Rproj)
 

  

(8) CRF =
i (1 + i)N

 (1 + i)N − 1 

  

(9) i =
i, − f
1 + f 

  

(10) COE =
Cann,total

ELoad served
 

 
   If net electricity is calculated on a monthly basis, HOMER 
software calculates the total annual energy cost through the 
following equation [36]: 
 

(11) 
Cgrid.energy

=  � ��
Enet grid purchases.i.j ∙ cpower.i     if Enet grid purchases.i.j ≥ 0

Enet grid purchases.i.j ∙ csellback.i     if Enet grid purchases.i.j < 0

12

j

rates

i

 

 
   The above equation involves buying/selling electricity 
from/to the national electricity grid on a monthly basis for a 
period of one year. The formula has two conditions that are 
based on whether the purchasing of electricity from the grid is 
positive (or zero) or negative. The reason for this is that the 
purchasing price of electricity from the grid is different from 
the selling price of electricity to the grid. 
   According to Figures 3 to 8, to investigate the effect of solar 
cell slope on the generated electricity, six angles of 15, 30, 45, 
60, 75, and 90 degrees were considered. Also, since different 
weather conditions and losses must be considered, in the 
present work, three values of 50 %, 70 % and 90 % were 
considered for the derating factor parameter. The azimuth 
angles for solar cells were considered at -90, -45, 0, 45, and 90 
degrees so that the most appropriate orientation could be 
selected and the potential of different walls be investigated. 
 
5. REQUIRED DATA 

The performed simulation flowchart is shown in Figure 11. As 
can be seen, the data required for the simulation are presented 
as input to the simulation and optimization sections as well as 
to the sensitivity analysis. Required data include power 
consumption profile (Figure 12), solar radiation data (Figure 
13), constraints and search space (Table 1), and prices and 
characteristics of the equipment used (Table 1). According to 
Figure 12, the maximum electrical load required in different 
months occurs within the duration of 18 PM to 22 PM. The 
average annual load is 21 kWh/day with a peak value of 2.7 
kW. According to Figure 13, the maximum, minimum, and 
average amounts of radiation were 7.4 kWh/m2-day (June), 3 
kWh/m2-day (December), and 5.4 kWh/m2-day, respectively. 
The average annual air clearness index could be equal to 
0.624 based on the geographical location of the studied station 
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(latitude 30.4 E, longitude 48.30 E, and time zone GMT + 03: 
30). 
   Other software inputs in the present work include the annual 
interest rate of 18 % [37, 38], project lifetime of 25 years [39, 
40], emission fines equal to zero [41, 42], and electricity 

exchange price with the national electricity grids at three off-
peak times (23 PM to 8 AM), normal times (8 AM to 16 PM), 
and peak times (16 PM to 23 PM) being equal to 0.05, 0.07, 
and 0.12 $/kWh [43, 44], respectively. 

 

 
Figure 11. Optimization flowchart for the present work by HOMER software 

 
 

 
Figure 12. Profile of the average required electricity per kW over a year 



S. Rahmati Dehkordi and M. Jahangiri / JREE:  Vol. 9, No. 1, (Winter 2022)   1-12 
 

7 

 
Figure 13. Average monthly radiation and air clearness index for Abadan 

 
 

Table 1. Information of the BIPV system under study 

Other information Size (kW) Cost ($) Equipment O & M Replacement Capital 

Lifetime: 25 years 
Ground reflectance: 20 % 5-50 5 1000 1000 PV [45] 

Nominal Voltage: 6 
Nominal capacity: 225 Ah 0-20 5 174 174 Battery T-105 [46] 

Lifetime: 10 years 
Efficiency: 90 % 0-20 10 200 200 Converter [47] 

 
6. RESULTS AND DISCUSSION 

The results of simulations and sensitivity analysis on the COE 
parameter are shown in Figures 14a to 14c for derating factors 
of 90 %, 70 % and 50 %, respectively. The results illustrated 
that for all cases, use of a solar cell-national grid is the most 
optimal and economical option. Based on the comparison 
between Figures 14a to 14c, it can be seen that upon 
increasing the derating factor, which corresponds to greater 
radiation reaching the surface of PV or less losses in the BIPV 
system, the amount of COE decreases significantly. The 
outcome showed that the most suitable direction for the 
azimuth angle would be the zero degree angle, i.e., the 
direction of the solar cells to the south. It can also be seen that 
positive angles of azimuth (orientation of solar cells to the 
west) have better results than the negative counterpart 
(orientation of solar cells to the east). This result is justified by 
the fact that the use of national electricity grid on the west side 
of the building is more significant than that on the east side. 
   The lowest price of solar power generated per kWh based on 
the results for a slope of 30 degree, zero azimuth angle, and 
derating factor of 90 % was 0.09 $/kWh. This price ranged 
between the prices of the national electricity tariff at peak load 
and normal load times and was 25 % less than that at the time 
of peak load, which is very significant. Also, based on the 
results for different slopes of solar cells, it is seen that the 
angle of 30 degree could be more suitable than other angles 
because it would lead to the lowest amount of COE for the 
optimal azimuth angle of zero degree. The results of a 15 
degree slope of solar cells have values very close to the 
optimal angle of 30 degree. 
   For derating factors equal to 90 %, 70 % and 50 %, the 
minimum COE values were 0.09, 0.125 and 143 $/kWh, 
respectively. For the vertical placement of solar cells on the 

wall of the building (slope equal to 90 degree), the most 
suitable azimuth angle to the southwest (angle + 45 degree) 
could bring about greater cost effectiveness and the 
appropriate azimuth angle might be determined better upon 
further reducing the derating factor. In other words, for less 
radiation or more cloudy conditions or more system losses, it 
is recommended the solar cells be placed in the study station 
to reduce costs to the southwest. 
   Given that the city under study is very hot and the thermal 
loss of solar cells is considerable and that Abadan has been 
facing dust and fine dust problems in recent years, the 
derating factor is considered equal to 70 % for further 
research. 
   Figure 15 shows the amount of net electricity purchasing 
from the grid. The results demonstrate that the lowest 
electricity purchased from the grid, equivalent to the highest 
electricity sales to the grid, was 1915 kWh/year at the azimuth 
angle of zero and the slope of the solar cells was equal to 30 
degree. If solar cells were used as applications in vertical 
walls, then the optimum mode increased by about 90 % 
compared to the optimal mode of purchasing power from the 
grid, i.e., an angle of 30 degree and zero azimuth. Based on 
Figure 15, it was only at the azimuth angle of zero degree that 
the 30 degree slope of the solar cells had the lowest power 
purchase from the grid, and at other azimuth angles, the 15 
degree slope was more appropriate. In other words, in a case 
involving the special form of the building, it is not possible to 
use solar cells in the south, and it is recommended that the 
slope of the solar cells to receive the maximum amount of 
radiation or the minimum net electricity purchase from the 
grid is 15 degree. The latter mode is equivalent to using the 
"inclined wall with windows" mode (shown in Figure 6) for 
the station in question. 
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(a) 

 

 
(b) 

 

 
(c) 

Figure 14. Sensitivity analysis for the optimal systems on the COE parameter and derating factors of: a) 90 %, b) 70 %, c) 50 % 
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Figure 15. Sensitivity analysis for the optimal systems on the net grid purchase parameter and the derating factor of 70 % 

 
Figure 16 shows the amount of electricity generated by solar 
cells at different slope angles and azimuth angles of -90 to 
+90. According to the results, the highest amount of electricity 
generated in the azimuth angle was zero and the slope was 30 
degree with an amount of 7634 kWh/year. At azimuth angles 
of +45 and -45, with respective values of 7622 and 7362 
kWh/year, the same slope of 30 degree had the highest 
amount of electricity produced by solar cells. However, at 
azimuth angles of +90 and -90 with a slope of 15 degree, the 
electricity generated by solar cells was about 5 % higher than 

that at an angle of 30 degree. For the 90 degree slope of the 
solar cells, i.e., the position of the solar cells on the vertical 
walls, it can be seen that the angle of azimuth at -90 degree, 
i.e., the eastern wall, generated much more electricity than 
that at the angle of azimuth +90 degrees, i.e., the western wall. 
In other words, it is recommended that the western wall of the 
building be made inclined for the station under study so that a 
greater amount of electricity could be generated if solar 
energy was used. 

 

 
Figure 16. Sensitivity analysis for the optimal systems on the PV production parameter, derating factor: 70 % 

 
   Figure 17 shows the amount of CO2 emissions for different 
scenarios with azimuth angle and slope of solar cells. Given 
that one of the most important advantages of BIPV buildings 
is their environmental friendliness, it is necessary to study this 
parameter. According to the findings, the scenarios with the 
lowest amount of pollutant production included the azimuth 
angle of zero degree and slope angle of solar cells equal to 30 
degree (1210 kg/year emission of pollutants), the azimuth 

angle of zero degree, and the slope angle of solar cells equal 
to 15 degree (1217 kg/year pollutant production), and azimuth 
angle of -45 degree, and the slope angle of solar cells equal to 
15 degree (1261 kg/year pollutant production). In general, it 
can be said that upon an increase in the slope of solar cells and 
in the azimuth angle, the production of pollutants will 
increase. 
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Figure 17. Sensitivity analysis for the optimal systems on the CO2 emission parameter and derating factor of 70 % 

 
7. CONCLUSIONS 

Today, the use of photovoltaic systems in combination with 
buildings has become of great importance and attractiveness 
among designers and architects. Therefore, the performance of 
these buildings and also their design must be correct and 
flawless so that after the installation of photovoltaics, the 
photovoltaic system or the building itself would not cause any 
problems. According to the above, in the present work, for the 
first time, techno-econo-enviro evaluation and sensitivity 
analysis on the variable parameters of a BIPV in Abadan were 
carried out. Sensitivity analysis was performed on PV slope, 
PV azimuth, and derating factor parameters and their effect on 
COE, Net grid purchases, PV production, and CO2 emission 
parameters was investigated. The analysis was performed 
using HOMER software and the main results are as follows: 

   - Using solar cell with the national electricity grid was the 
most economical option in all cases. 
   - From an economic point of view, zero azimuth angle, 
positive azimuth angle, and negative azimuth angle were the 
most appropriate, in order. 
   - The minimum COE was equal to 0.09 $/kWh; at a slope of 
30 degree, the azimuth angle was zero and the derating factor 
was equal to 90 %. 
   - To place solar cells on vertical walls, the southwestern 
azimuth angle was the most economically appropriate 
scenario. 
   - According to the climatic conditions of the study city, the 
derating factor parameter equal to 70 % is recommended. 
   - The lowest amount of electricity purchased from the 
network with a rate of 1915 kWh/year was related to the slope 
of 30 degree and the azimuth angle of zero. 
   - If the south of the building was not reachable or operable, 
a slope of 15 degree would be recommended, being equivalent 
to using the “inclined wall with windows” mode. 
   - It is recommended that the western wall of the building be 
built in the “inclined” mode. 
   - The minimum pollutant produced due to the use of the 
national electricity grid was 1210 kg/year. 
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NOMENCLATURE 
i Annual interest rate (%) 
f Annual inflation rate (%) 
i' Nominal interest rate (%) 
CRF Capacity Recovery Factor 
Rproj Lifetime of project (year) 
kt Clearness index 
HT,STC�������� Incident radiation on the cell’s surface under standard 

conditions (1 kW/m2) 
Gsc Solar constant (0.082 MJ/m2-min) 
YPV Output power of solar cell under standard conditions 

(kW) 
fPV Derating factor (%) 
HT���� Incident radiation on the cell’s surface on a monthly 

basis (kW/m2) 
Hoh Extraterrestrial radiation (MJ/m2-day) 
PPV Output power of PV cells (kW) 
dr Inverse relative distance earth-sun 
Cann,total Total annual cost ($) 
H Monthly average daily radiation on a horizontal plane 

(MJ/m2-day) 
C grid, energy Total annual energy charge (kWh) 
Enet grid purchases The net grid purchases (grid purchases minus grid sales) 

(kWh) 
GMT Greenwich Mean Time 
Cpower The grid power price ($/kWh) 
N Useful life-time (year) 
Csell back The sellback rate ($/kWh) 
PV Photovoltaic 
NPC Net Present Cost ($) 
COE Levelized Cost of Electricity ($/kWh) 
BIPV Building Integrated Photovoltaic 
Eload served Real electrical load by system (kWh/year) 
Greek letters 
ωs Sunset hour angle (Radian) 
n Number of day during the year 
φ Latitude (Radian) 
δ Declination of sun (Radian) 
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