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Abstract: The paper focuses on the analysis and assessment of the possibilities of 

building integrated PV (BIPV) systems of 1 kW electricity generation in Banja Luka in the 

Republic of Srpska. Special attention was paid to average monthly sum of global solar ir-

radiation per square meter received by horizontally, optimally and vertically inclined and 

south-oriented solar modules of 1kW BIPV system and total for year electricity production 

from 1 kW BIPV system with horizontally, optimally and vertically inclined and south-

oriented solar modules of different materials for Banja Luka, obtained by PVGIS. In addi-

tion, comparison was made of total for year electricity production of 1kW BIPV system 

with horizontal, optimal and vertical inclination and south-oriented solar modules of mono-

crystalline silicon, CdTe and CIS in Banja Luka. The research estimated the proportion of 

BIPV systems power generation according to different types of PV modules and installation 

methods. The data could serve as a useful reference for the application of BIPV systems in 

buildings. 
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1. INTRODUCTION 
 

Energy, which is on top of the agenda of our 

world, is of crucial importance for humanity. Solar 

energy can take a vital place in the energy system of 

a country because it represents a renewable and in-

exhaustible energy source. The energy of the Sun is 

clean energy from the point of the environment, and 

the energy technologies in exploitation do not con-

taminate the environment. Solar energy is obviously 

environmentally advantageous in comparison to any 

other energy source, it is the milestone of any se-

rious sustainable development program. It does not 

deplete natural resources, does not cause CO2 or 

other gaseous emissions into air, nor does it generate 

liquid or solid waste products [1−3].  

One of the most popular techniques of solar 

energy generation includes installation of photovol-

taic (PV) systems using sunlight to generate electric-

al power. The electricity from photovoltaic cells can 

be used for a wide range of applications, from power 

supplies for small consumer products, to large power 

stations feeding electricity into the grid. The paper 

[2] states that the world photovoltaic industry has 

shown an average growth rate of 49,5% over the 

past 5 years.  

In order to enhance sustainable development 

of the Republic of Srpska urban areas, electricity 

could be generated by BIPV systems in hotels, 

health centers, and spas, private households, and 

other housing objects. The use of BIPV system 

would considerably increase energy independence 

and sustainable development in the Republic of 

Srpska towns.  

The paper emphasises the environmental im-

portance of use of PV systems for the electricity 

generation. Special attention is paid to BIPV sys-

tems on residential and some other facilities for elec-

tricity generation. This paper also provides an as-

sessment of the possibilities of building integrated 

PV systems of 1 kW electricity generation in Banja 

Luka using on-line PVGIS calculator. The data 

could serve as a useful reference for the application 

of BIPV systems in buildings in Banja Luka. The 
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figures and table can serve as guidelines for the ba-

sic necessary data for solar radiation, electricity pro-

duction and design of on-grid BIPV systems in Ban-

ja Luka. 

2. BUILDING INTEGRATED PV SYSTEM 

(BIPV SYSTEM) 

 

In contemporary architecture solar cells are in-

creasingly used as roof and facade elements that de-

corate and at the same time generate electrical energy 

for both the given object and the net grid. Thus, 

blocks of flats can be turned into small scale genera-

tors and distributers of electrical energy, which is 

widely useful. Solar cells as a source of electrical 

energy are being increasingly used in buildings so as 

to maximally reduce the consumption of electrical 

energy generated by power plants and to reduce the 

greenhouse gas emission. They are also used in 

schools and in government objects for the education 

of student population and the citizens to use the solar 

cells for the electricity generation. Contemporary 

architecture structures with the solar cells are ener-

gy-independent and environment friendly [4−6]. 

The PV system is a system by which solar ir-

radiation is converted into electrical energy and dis-

tributed to the direct and/or alternating current con-

sumers. PV system can function independently of 

the electric power network (off grid) or it can be 

connected to it (on grid). Depending on the compo-

nents that comprise it, off grid PV system can supply 

the consumers with DC current or AC current. Off 

grid PV system that gives consumers DC current is 

composed of solar cells, batteries and battery charge 

controllers. An off-grid PV system providing con-

sumers with AC current consists of solar cells, bat-

tery charge controllers, batteries and DC to AC in-

verter. An on-grid PV system consists of solar cells, 

inverter, monitoring system, distribution boxes, 

switches and related connections. On-grid PV sys-

tems represent one of the ways to decentralize the 

electric power network grid. Electrical energy is 

generated by these systems nearer to the locations in 

demand for the electricity and not only by thermo 

power plants, nuclear power plants or huge hydro 

power plants. Over time these systems will reduce 

the need to increase the capacity of transmission and 

distributive lines [7−11]. 

The BIPV system (off-grid or on-grid BIPV 

system) means a PV system where solar modules are 

installed on the object itself. Solar modules can be 

installed on the existing roof or the facade or they 

can directly substitute the roof or the facade of the 

object. Besides, solar modules can be used as shades 

in the objects i.e. as a protection from the sun radia-

tion intake. To achieve maximal energy efficiency 

solar modules are mostly inclined towards the south 

[4,5] and [8]. 

The paper [9] claims that the advantage of in-

tegrated photovoltaics over more common non-

integrated systems is that the initial cost can be off-

set by reducing normal construction costs of build-

ing materials and labor for parts of the building re-

placed by BIPV modules. These advantages make 

BIPV one of the fastest growing segments of the 

photovoltaic industry [12]. 

A layout of some possible installation modes 

of the solar modules on the object is presented in 

Figure 1. 

 

 
 

Figure 1. A layout of possible installation modes of the solar modules on the object [8] 
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PV systems mostly use solar modules made 

of monocrystalline and polycrystalline silicon, and 

modules made of thin film materials such as 

amorphous silicon, CdTe and Copper-Indium-

Diselenide (CIS, CuInSe2). Efficiency of the com-

mercial monocrystalline silicon solar cells is 15%, of 

polycrystalline silicon is around 12%, of amorphous 

silicon is around 5% and from CdTe and CIS is 

around 8%. Monocrystalline and polycrystalline 

silicon solar modules are more suitable for the areas 

with predominantly direct sun radiation, while solar 

modules of thin film are more suitable for the areas 

with predominantly diffuse sun radiation [7], [9], 

[12−14].  

From architectural, technical and financial 

aspects, BIPV systems have the following characte-

ristics: 

− They do not require separate additional 

land and can be used in densely populated urban 

settlements, 

− They do not require additional infrastruc-

tural installations, 

− They provide electricity during peak de-

mand and thus lower the workload of the grid, 

− They can completely or partially provide 

electricity for any given building, 

− They can substitute conventional construc-

tion materials, 

− They enhance new aesthetic abilities in in-

novative ways,  

− They can be connected to maintenance, 

control and functioning of other installations and 

systems in the building,  

− They can reduce costs of electricity gen-

eration. 

Since facade photovoltaic modules can substi-

tute conventional construction materials, the differ-

ence in price between the solar elements per unit of 

the surface and materials that they can substitute is 

of vital importance. Thus, the price per unit of the 

surface of facade photovoltaic system connected to 

the distribution grid, is almost the same as the price 

of high quality facade materials such as marble or 

decorative stone; in this way practical additional 

benefits of electricity generation by photovoltaic 

systems is that its price is almost null [8]. 

 

 

3. PVGIS 

 

PVGIS (Photovoltaic Geographical Informa-

tion System–PVGIS © European Communities, 

2001–2008) is a part of the SOLAREC action aimed 

at contributing to the implementation of renewable 

energy in the EU. SOLAREC is an internally funded 

project on PV solar energy for the 7th Framework 

Programme. PVGIS provides data for the analysis of 

technical, environmental and socio-economic factors 

of solar PV electricity generation in Europe and 

supports systems for solar energy decision-making 

by EU countries. 

In practice, PVGIS on-line calculator is used 

to calculate solar irradiation that falls on the hori-

zontal plane or a plane tilted at a certain angle in 

relation to the horizontal plane, ratio of diffuse to 

global solar irradiation, optimal tilting angle of PV 

module and reflector of solar irradiation and temper-

ature for any given location in Europe and North 

Africa. These data are very important when doing 

calculations of profitability of BIPV systems. 

PVGIS methodology comprises solar radia-

tion data, PV module surface inclination and orienta-

tion and shadowing effect of the local terrain fea-

tures (e.g. when the direct irradiation component is 

shadowed by the mountains). Thus PVGIS 

represents an immensely important PV implementa-

tion assessment tool that estimates dynamics of cor-

relations between solar radiation, climate, atmos-

phere, the earth's surface and the PV technology 

used. Several fast web applications enable an easy 

estimation of PV electricity generation potential for 

selected specific locations in Europe. 

In this paper PVGIS- CMSAF is used. The 

PVGIS-CMSAF has been recently introduced which 

uses the new databases for the solar radiation data 

provided by the Climate Monitoring Satellite Appli-

cation Facility (CMSAF) from the period 1998-2010 

[7,9,13−20].  

 

 

4. RESULTS AND DISCUSSION 

 

In this section we present an analysis of the 

average monthly sum of global irradiation per square 

meter received by the modules of the BIPV system 

of 1 kW with horizontally, optimally and vertically 

inclined and south-oriented solar modules and elec-

tricity generated by 1kW BIPV systems with mono-

crystalline silicon, CdTe and CIS solar modules in 

Banja Luka, processed by the PVGIS-CMSAF. 

The paper [13] states that yearly average ratio 

of diffuse and global solar radiation in Banja Luka is 

around 0,49; the optimal angle of solar modules in 

BIPV systems is 33; the solar irradiation on opti-

mally inclined plane annually yields 4000 Wh/m
2
 

and is 13% higher than the solar irradiation on hori-
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zontal plane and 52% higher than solar irradiation 

on vertical plane. 

Figure 2 shows a comparison of average 

monthly sum of global irradiation per square meter 

received by the modules of the BIPV system of 1 

kW with horizontally, optimally and vertically in-

clined and south-oriented solar modules obtained by 

PVGIS-CMSAF, for Banja Luka. 

 

 
 

Figure 2. Comparison of average monthly sum of global irradiation per square meter received by the modules of the 

BIPV system of 1 kW with horizontally, optimally and vertically inclined and south-oriented solar modules obtained by 

PVGIS-CMSAF, for Banja Luka 

 

 

Figure 2 shows that:  

1. Total for year sum of global irradiation per 

square meter received by the horizontally inclined 

and south-oriented 1kW BIPV systems is 1290 

kWh/m
2
, 

2. Total for year sum of global irradiation per 

square meter received by the optimally inclined and 

south-oriented 1kW BIPV systems is 1460 kWh/m
2
, 

3. Total for year sum of global irradiation per 

square meter received by the vertically inclined and 

south-oriented 1kW BIPV systems is 952 kWh/m
2
 

and 

4. In Banja Luka BIPV systems of 1kW with 

optimally inclined and south-oriented solar modules 

intake 13,2% more solar irradiation compared to 

1kW BIPV system with horizontally inclined and 

south-oriented solar modules and 53,4% more solar 

irradiation compared to 1kW BIPV system with 

vertically inclined and south-oriented solar modules, 

while 1kW BIPV systems with horizontally inclined 

and south-oriented solar modules intake 35,5% more 

solar irradiation compared to 1 kW BIPV system 

with vertically inclined and south-oriented solar 

modules. 

The average monthly electricity production of 

1kW BIPV system made of different materials and 

with horizontally, optimally and vertically inclined 

and south-oriented solar modules obtained by 

PVGIS-CMSAF, is given in Table 1. 

Estimated losses in 1 kW BIPV systems in 

Banja Luka obtained by PVGIS-CMSAF are pre-

sented in Table 2. 
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Table 1. Average monthly electricity production of 1 kW BIPV system with different materials of horizontally, optimally 

and vertically inclined and south-oriented solar modules obtained by PVGIS-CMSAF* [28] 

Month 

Average electricity production from 

the BIPV system of 1 kW with south-

oriented monocrystalline silicon solar 

modules 

(kWh) 

Average electricity production from 

the BIPV system  of 1 kW with south-

oriented CdTe solar modules 

(kWh) 

Average electricity production from the 

BIPV system of 1 kW with south-oriented 

CIS solar modules 

(kWh) 

inclination 

of modules 

is 0° 

inclination 

of modules 

is 33° 

inclination 

of modules 

is 90° 

inclination 

of modules 

is 0° 

inclination 

of modules 

is 33° 

inclination 

of modules 

is 90° 

inclination 

of modules 

is 0° 

inclination 

of modules 

is 33° 

inclination 

of modules 

is 90° 

Jan 27,8 42,4 41,3 31,0 46,0 44,7 28,1 43,0 42,1 

Feb 41,1 57,3 52,4 45,5 62,5 57,0 41,4 58,3 53,2 

Mar 74,0 90,7 71,5 82,6 100 79,4 75,0 92,9 72,7 

Apr 96,7 104 64,7 109 116 73,9 98,9 107 65,8 

May 119 118 58,3 135 133 68,6 123 121 58,7 

Jun 125 118 51,0 143 135 61,1 129 122 50,9 

Jul 134 129 57,7 153 148 68,8 138 134 57,6 

Aug 117 123 68,5 135 140 80,5 121 128 69,3 

Sep 80,4 94,5 68,7 92,0 107 78,8 81,9 97,4 70,0 

Oct 57,0 78,4 69,7 64,9 87,8 78,3 57,5 80,5 71,3 

Nov 32,7 52,1 51,7 37,0 57,5 57,0 32,8 52,9 52,7 

Dec 24,3 36,4 35,0 27,5 39,6 38,0 24,7 36,9 35,7 

 

*  For the monocrystalline silicon estimates PVGIS has based the calculations on data from a number of different PV 

modules measured indoors. The data from all the modules have been combined and used to make an estimate for an 

"average" crystalline PV module. The results show that there is no significant difference in the behaviour of mono-

crystalline and polycrystalline modules. The spread in values between modules have a standard deviation of 1,25%, 

meaning that with 90% probability the deviation of a given module from the estimated value will be less than 2%. 

The estimate is only valid for "classic" monocrystalline silicon and not for the new types of heterojunction modules 

that came to the market in the last few years. For CIS modules the estimate is based on outdoor measurements per-

formed in Ispra on three different modules from two different manufacturers. The modules were measured over a 

four months period during spring and summer. All the modules are rather new, produced in 2006/07, and should 

therefore be representative of the current state of the technology 

 

 
Table 2. Estimated losses in BIPV systems of 1kW in Banja Luka obtained by PVGIS-CMSAF [28] 

 

 

Types of solar modules 

Estimated losses due to 

temperature (using 

local ambient tempera-

ture) on: 

(%) 

Estimated loss due to 

angular reflectance 

effects on solar modules: 

(%) 

Other losses 

(cables, inverter 

etc.): 

(%) 

Combined PV 

system 

losses on: 

(%) 

c-Si  

solar  

modules 

inclination of modules is 0° 

and orientation is 0° 

12,1 3,8 14 27,3 

inclination of modules is 33° 

and orientation is 0° 

14,0 2,7 14 28,1 

inclination of modules is 90° 

and orientation is 0° 

10,5 5,1 14 27,0 

CdTe  

solar 

 modules 

inclination of modules is 0° 

and orientation is 0° 

0,7 3,8 14 17,8 

inclination of modules is  

33° and orientation is 0° 

3,8 2,7 14 19,5 

inclination of modules is 90° 

and orientation is 0° 

-1,1 5,1 14 17,5 

CIS 

 solar  

modules 

inclination of modules is 0° 

and orientation is 0° 

10,2 3,8 14 25,7 

inclination of modules is  

33° and orientation is 0° 

11,6 2,7 14 26,0 

inclination of modules is 90° 

and orientation is 0° 

9,4 5,1 14 26,0 

 

**The estimated system losses are all the losses in the system, which cause the power actually delivered to the electrici-

ty grid to be lower than the power produced by the PV modules. There are several causes for this loss, such as losses 

in cables, power inverters, dirt (sometimes snow) on the modules and so on. PVGIS has given a default value of 

14%. Due to really high-efficiency inverter, default value of 14% may be reduced a little [28].  
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Comparison of average monthly electricity 

production of 1kW BIPV system with horizontally 

inclined and south-oriented solar modules of mono-

crystalline silicon, CdTe and CIS in Banja Luka is 

shown in Figure 3.  

Figure 3 shows that in Banja Luka total for 

year electricity production by 1kW BIPV systems 

with horizontally inclined and south-oriented solar 

modules of monocrystalline silicon is 930 kWh, with 

CdTe solar modules it is 1060 kWh and with CIS 

solar modules it is 951 kWh. 

Comparison of average monthly electricity 

production of BIPV system of 1kW with optimally 

inclined and south-oriented solar modules of mono-

crystalline silicon, CdTe and CIS in Banja Luka is 

shown in Figure 4. 

 

 
Figure 3. Comparison of average monthly electricity production of 1kW BIPV system with horizontally inclined and 

south-oriented solar modules of monocrystalline silicon, CdTe and CIS in Banja Luka 

 

 
Figure 4. Comparison of average monthly electricity production of 1kW BIPV system with optimal inclined and south-

oriented solar modules of monocrystalline silicon, CdTe and CIS in Banja Luka 
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Figure 4 shows that total for year electricity 

production by the 1 kW BIPV systems with optimal-

ly inclined and south-oriented solar modules of mo-

nocrystalline silicon is 1040 kWh, with CdTe solar 

modules it is 1170 kWh and with CIS solar modules 

it is 1070 kWh. 

Comparison of average monthly electricity 

production of 1kW BIPV system with vertically 

inclined and south-oriented solar modules of mono-

crystalline silicon, CdTe and CIS in Banja Luka is 

shown in Figure 5. 

 

Figure 5 shows that total for year electricity 

production by 1kW BIPV systems with vertically 

inclined and south-oriented solar modules of mono-

crystalline silicon is 691 kWh, with CdTe solar 

modules it is 786 kWh and with CIS solar modules it 

is 700 kWh. 

Comparison of total for year electricity pro-

duction of 1kW BIPV system with horizontally, 

optimally and vertically inclined and south-oriented 

solar modules of monocrystalline silicon, CdTe and 

CIS in Banja Luka is shown in figure 6. 

 

 
Figure 5. Comparison of average monthly electricity production of 1kW BIPV system with vertically inclined and south-

oriented solar modules of monocrystalline silicon, CdTe and CIS in Banja Luka 

 

 
Figure 6. Comparison of total for year electricity production of 1kW BIPV system with horizontally, optimally and 

vertically inclined and south-oriented solar modules of monocrystalline silicon, CdTe and CIS in Banja Luka 
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Figure 6 shows that: 

1. In Banja Luka by means of 1kW BIPV sys-

tem with horizontally inclined and south-oriented 

CdTe solar modules 13,98% more electrical energy 

is generated compared to 1kW BIPV system with 

horizontally inclined and south-oriented solar mod-

ules of monocrystalline silicon and 11,46% more 

electrical energy is generated than in the case of 

1kW BIPV systems with horizontally inclined and 

south-oriented CIS solar modules. By 1kW BIPV 

system with horizontally inclined and south-oriented 

CIS solar modules 2,26% more electrical energy is 

generated compared to 1kW BIPV system with hori-

zontally inclined and south-oriented solar modules 

of monocrystalline silicon. 

2. In Banja Luka by means of 1kW BIPV sys-

tem with optimally inclined and south-oriented 

CdTe solar modules 12,5% more electrical energy is 

generated compared to 1kW BIPV system with op-

timally inclined and south-oriented solar modules of 

monocrystalline silicon and 9,35% more electrical 

energy is generated than in the case of 1kW BIPV 

systems with optimally inclined and south-oriented 

CIS solar modules. By 1kW BIPV system with op-

timally inclined and south-oriented CIS solar mod-

ules 2,89 % more electrical energy is generated 

compared to 1kW BIPV system with optimally in-

clined and south-oriented solar modules of mono-

crystalline silicon. 

3. In Banja Luka, by means of 1kW BIPV 

system with vertically inclined and south-oriented 

CdTe solar modules 13,75% more electrical energy 

is generated compared to 1kW BIPV system with 

vertically inclined and south-oriented solar modules 

of monocrystalline silicon and 12,29% more elec-

trical energy is generated than in the case of 1kW 

BIPV systems with vertically inclined and south-

oriented CIS solar modules. By 1kW BIPV system 

with vertically inclined and south-oriented CIS solar 

modules 1,3% more electrical energy is generated 

compared to 1kW BIPV system with vertically in-

clined and south-oriented solar modules of mono-

crystalline silicon. 

 

 

5. CONCLUSION 

 

In the light of all aforementioned one can 

conclude that: 

− In contemporary architecture solar cells are 

increasingly used as roof and facade elements that 

decorate and at the same time generate electrical 

energy for the given object and the net grid as well, 

− The advantage of integrated photovoltaics 

over more common non-integrated systems is that 

the initial cost can be offset by reducing normal 

construction costs of building materials and labor for 

parts of the building replaced by BIPV modules, 

− PVGIS provides data for the analysis of 

the technical, environmental and socio-economic 

factors of solar PV electricity generation in Europe 

and support systems for EU countries solar energy 

decision-makings, 

− Total for year sum of global irradiation per 

square meter received by the horizontally inclined 

and south-oriented 1kW BIPV systems is 1290 

kWh/m
2
 in Banja Luka, 

− Total for year sum of global irradiation per 

square meter received by the optimally inclined and 

south-oriented 1kW BIPV systems is 1460 kWh/m
2
 

in Banja Luka, 

− Total for year sum of global irradiation per 

square meter received by the vertically inclined and 

south-oriented 1kW BIPV systems is 952 kWh/m
2
 in 

Banja Luka, 

− In Banja Luka 1kW BIPV systems with 

optimally inclined and south-oriented solar modules 

intake 13,2% more solar irradiation compared to 

1kW BIPV system with horizontally inclined and 

south-oriented solar modules and 53,4% more solar 

irradiation compared to 1kW BIPV system with 

vertically inclined and south-oriented solar modules, 

while 1kW BIPV systems with horizontally inclined 

and south-oriented solar modules intake 35,5% more 

solar irradiation compared to 1 kW BIPV system 

with vertically inclined and south-oriented solar 

modules, 

− Irrespective of the type of BIPV systems 

most electrical energy is generated if CdTe modules 

are used in Banja Luka, 

− Total for year electricity production by 

1kW BIPV systems with horizontally inclined and 

south-oriented solar modules of monocrystalline 

silicon is 930 kWh, with CdTe solar modules it is 

1060 kWh and with CIS solar modules it is 951 kWh 

in Banja Luka,  

− Total for year electricity production by 1 

kW BIPV systems with optimally inclined and 

south-oriented solar modules of monocrystalline 

silicon is 1040 kWh, with CdTe solar modules it is 

1170 kWh and with CIS solar modules it is 1070 

kWh in Banja Luka,  

− Total for year electricity production by the 

1kW BIPV systems with vertically inclined and 

south-oriented solar modules of monocrystalline 

silicon is 691 kWh, with CdTe solar modules it is 

786 kWh and with CIS solar modules it is 700 kWh 

in Banja Luka, 

− In Banja Luka by means of 1kW BIPV 

system with horizontally inclined and south-oriented 
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CdTe solar modules 13,98% more electrical energy 

is generated compared to 1kW BIPV system with 

horizontally inclined and south-oriented solar mod-

ules of monocrystalline silicon and 11,46% more 

electrical energy is generated than in the case of 

1kW BIPV systems with horizontally inclined and 

south-oriented CIS solar modules. By 1kW BIPV 

system with horizontally inclined and south-oriented 

CIS solar modules 2,26% more electrical energy is 

generated compared to 1kW BIPV system with hori-

zontally inclined and south-oriented solar modules 

of monocrystalline silicon, 

− In Banja Luka by means of 1kW BIPV 

system with optimally inclined and south-oriented 

CdTe solar modules 12,5% more electrical energy is 

generated compared to 1kW BIPV system with op-

timally inclined and south-oriented solar modules of 

monocrystalline silicon and 9,35% more electrical 

energy is generated than in the case of 1kW BIPV 

systems with optimally inclined and south-oriented 

CIS solar modules. By 1kW BIPV system with op-

timally inclined and south-oriented CIS solar mod-

ules 2,89 % more electrical energy is generated 

compared to 1kW BIPV system with optimally in-

clined and south-oriented solar modules of mono-

crystalline silicon and 

− In Banja Luka by means of 1kW BIPV 

system with vertically inclined and south-oriented 

CdTe solar modules 13,75% more electrical energy 

is generated compared to 1kW BIPV system with 

vertically inclined and south-oriented solar modules 

of monocrystalline silicon and 12,29% more elec-

trical energy is generated than in the case of 1kW 

BIPV systems with vertically inclined and south-

oriented CIS solar modules. By 1kW BIPV system 

with vertically inclined and south-oriented CIS solar 

modules 1,3% more electrical energy is generated 

compared to 1kW BIPV system with vertically in-

clined and south-oriented solar modules of mono-

crystalline silicon. 

 

 

6. ACKNOWLEDGEMENT: 

 

This paper was developed with the financial 

support of TR 33009 projects approved by the Min-

istry of Education and Science of the Republic of 

Serbia and Ministry of Science and Technology of 

the Republic of Srpska. 

 

7. REFERENCES 

 

[1] A. Evans, V. Strezov, T. J. Evans, Assess-

ment of sustainability indicators for renewable 

energy technologies, Renewable and Sustainable 

Energy Reviews, Vol. 13−5 (2009) 1082−1088. 

[2] F. Dincer, The analysis on photovoltaic 

electricity generation status, potential and policies 

of the leading countries in solar energy, Renewable 

and Sustainable Energy Reviews, Vol. 15−1 (2011) 

713−720. 

[3] K. H. Solangi, M. R. Islam, R. Saidur, N. 

A. Rahim, H. Fayaz, A review on global solar ener-

gy policy, Renewable and Sustainable Energy Re-

views, Vol. 15−4 (2011) 2149−2163. 

[4] M. Pucar, Bioclimate architecture, Insti-

tute of Urbanism and Architecture of Serbia, Bel-

grade, 2006. (in Serbian).  

[5] V. Kosorić, Active solar systems- applica-

tion in the covers of the energy efficient buildings, 

Građevinska knjiga, Belgrade, 2007. (in Serbian). 

[6] T. Pavlović, D. Milosavljević, Application 

of solar cells in modern architecture, Proceedings of 

International Scientific Conference, „Contemporary 

Materials“ , Banja Luka 2011,  Republic of Srpska, 
103−113. 

[7] T. Pavlović, D. Milosavljević, D. Mirjanić, 

I. Radonjić, L. Pantić and D. Pirsl, Analyses of PV 

systems of 1kW electricity generation in Bosnia and 

Herzegovina, Contemporary Materials (Renewable 

energy sources), Vol. II−2 (2011) 123−138.  

[8] LIBER PERPETUUM, The Book On Re-

newable Energy Potentials Of Serbia And Montene-

gro, OSCE Mission to Serbia and Montenegro, Eco-

nomic and Environmental department, Novi Sad, 

2004. 

[9] T. Pavlović, D. Milosavljević, A. 

Radivojević, M. Pavlović, Comparison and assess-

ment of electricity generation capacity for different 

types of PV solar plants of 1MW In Soko Banja, 

Serbia, Thermal Science, Vol. 15−3 (2011) 

605−618. 

[10] T. Pavlović, B. Čabrić, Physics and tech-

niques of solar energy, Građevinska knjiga, Bel-

grade, 2006 (in Serbian). 

[11]J. M. Radosavljević, T. M. Pavlović, M. 

R. Lambić, Solar energy and sustainable develop-

ment, Građevinska knjiga, Belgrade, 2010. (in Ser-

bian) 

[12] C. Peng, Y. Huang, Z. Wu, Building-

integrated photovoltaics (BIPV) in architectural 

design in China, Energy and Buildings, Vol. 43 

(2011) 3592−3598. 

[13] T. Pavlović, D. Milosavljević, I. 

Radonjić, L. Pantić and A. Radivojević, Application  

of  solar  cells  of  different  materials  in  PV solar  

plants  of  1MW  in  Banjaluka, Contemporary Mate-

rials (Renewable energy sources), Vol. II−2 (2011) 

155−163.  

http://www.sciencedirect.com.proxy.kobson.nb.rs:2048/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DEvans,%2520Annette%26authorID%3D24176697600%26md5%3D40e45fe5cd43a547ff299187fb9159b6&_acct=C000053038&_version=1&_userid=1793225&md5=60f62fab6eadee38438463c2e8ea6551
http://www.sciencedirect.com.proxy.kobson.nb.rs:2048/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DStrezov,%2520Vladimir%26authorID%3D6603143391%26md5%3D88828c10945b078d9f492e3160ee8ed7&_acct=C000053038&_version=1&_userid=1793225&md5=d6f68c57af1cdb068dc9ef226cc74813
http://www.sciencedirect.com.proxy.kobson.nb.rs:2048/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DEvans,%2520Tim%2520J.%26authorID%3D8300415300%26md5%3D823ab0bf8d5ae42ed2672ce65cb48541&_acct=C000053038&_version=1&_userid=1793225&md5=1ba7760c9020db79a27f5313876e93a7
http://www.sciencedirect.com/science/journal/13640321
http://www.sciencedirect.com/science/journal/13640321


T. Pavlović, et al,, Assessment of the possibilities of building integrated PV systems...  

Contemporary Materials, III2 (2012)                                                                                                        Page 176 of 176 

 

 

[14] 

http://www.pvresources.com/en/solarcells.php 

[15] D. Djurdjevic, Perspectives and assess-

ments of solar PV power engineering in the Republic 

of Serbia, Renewable and Sustainable Energy Re-

views, Vol. 15−5 (2011) 2431−2446. 

[16] PVGIS © European Communities; 2001–

2008. Available online at: 

http://re.jrc.ec.europa.eu/pvgis/apps3/pvest.php 

[17] 

http://sunbird.jrc.it/pvgis/apps/pvest.php?europe= 

[18] M. Šúri, T. A. Huld, E. D. Dunlop, PV-

GIS: A Web-based Solar Radiation Database for the 

Calculation of PV Potential in Europe, International 

Journal of Sustainable Energy, Vol. 24−2 (2005) 

55−67. 

[19] T. Pavlović, I. Radonjić, D. 

Milosavljević, L. Pantić, A review of concentrating 

solar power plants in the world and their potential 

use in Serbia, Renewable and Sustainable energy 

Review, Vol. 16−6 (2012) 3891−3902.    

[20] T. Pavlović, I. Radonjić, D. Milosavlje-

vić, L. Pantić, D. Piršl, Assessment and potential use 

of concentrating solar power plants in Serbia and 

Republic of Srpska, Thermal Science, Vol. 16−3 

(2012) 931−945, doi:10.2298/TSCI111027100P 

 

 
 

 
ПРОЦЈЕНА МОГУЋНОСТИ ИЗГРАДЊЕ ИНТЕГРИСАНОГ ФВ СИСТЕМА  

1 kW ЕЛЕКТРИЧНЕ ЕНЕРГИЈЕ У БАЊОЈ ЛУЦИ 

 

Сажетак: У раду су дате анализа и процјена могућности примјене ФВ 

система од 1 kW интегрисаних у објектима (BIPV система) у Бањој Луци. Посебна 

пажња је посвећена анализи сунчевог зрачења које пада на 1 m
2
 површине 

постављене под хоризонталним, оптималним и вертикалним углом у односу на 

хоризонталну раван и количини електричне енергије која се у току године добија 

помоћу BIPV система од 1 kW са соларним модулима од монокристалног 

силицијума и танкослојним CdTe и CIS соларним модулима постављеним у 

хоризонталном, оптималном и вертикалном положају у односу на хоризонталну 

раван. За израчунавање енергетске ефикасности BIPV система коришћен је PVGIS 

програм. 

Кључне речи: соларна енергија, BIPV системи, PVGIS. 
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