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Abstract- BIPV is an architectural concept that 
related to energy contribution. The system has 
functions of producing electricity as well as building 
form giver. The effectivity of BIPV depends on solar 
radiation received. Meanwhile, the solar radiation 
received depends on numbers of solar receiving area 
and environmental shading. Environmental shading 
will decrease the effectivity of BIPV. But, integrated 
configuration of folding-BIPV is expected to create 
more numbers of solar receiving area. The integrated 
configuration of folding-BIPV will create optimum 
BIPV, both in electrical generation and building form 
giver. Experiment to low rise office building in 
tropical climate is done by giving folding treatment. 
The experiment also considers about environmental 
shading. Evaluation is done by analyzing and 
optimizing the numbers and uniformity of solar 
radiation received. Simulation with ARCHIPAK 5.1 is 
used as experimental research tool. The simulation is 
used to calculate annual radiation received (kWh/m²) 
from folding-BIPV configuration. Manual calculation 
is used to calculate total annual radiation received 
(kWh) and uniformity percentage. Gradient diagram 
is used to do the optimation. Result of this research is 
an optimation of electrical energy generation in low 
rise office building which use folding-BIPV concept.  

BIPV, electrical energy generation, environmental 
shading, folding architecture, uniformity percentage. 
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I. INTRODUCTION

Photovoltaic is one of promising 
microgeneration technologies, which could 
generate energy by individual buildings or small 
group of buildings at the small scale. BIPV is one 
of photovoltaic systems that gives more advantages 
such as reducing cost. The use of PV panels as 
building envelope will substitute the need of 
conventional building’s material. BIPV refers to 
the application of PV in which the system, as well 

as having the function of producing electricity, also 
takes on the role of building form and elements [1]. 

Previous research of Folding-BIPV integration 
on high rise building in Surabaya shows positive 
result. The optimum integrated configuration could 
generate electrical energy that substitute 
conventional energy and reduce the variety of 
annual electricity output [2]. At high rise building, 
one of interesting solution from BIPV application 
is the use of huge vertical façade. But in some area 
placed near the equator, sun movement is dominant 
on the top of the building, which means the highest 
solar radiation will be received by the building’s 
roof [3]. Based on this theory, integrated folding 
wall-BIPV in nearly equator area will not be too 
effective. Since the radiation received per square 
unit is not maximal. 

This research aims to optimizing electrical 
energy generation for low rise office building with 
Folding-BIPV concept in Surabaya. As climatic 
adaptation, the low rise buildings in warm-humid 
area are designed to minimize radiation received. 
The building’s parameter are low surface to volume 
ratio [3,4], narrow shape [5], and optimum 
environmental shading [6].  

The optimum folding-BIPV configuration is the 
one that received biggest annual radiation received 
and highest uniformity percentage. There are three 
optimation standards that will be used in this 
research. First is the standard of electrical energy 
needed by an office, it is around 240 kWh/m²/year 
[7]. Second is the target of Government National 
Energy Program, the substitution of fossil fuel into 
renewable energy resources as much as 7%. Third 
is optimation limitation for uniformity percentage. 
BIPV configuration should has at least 80% 
uniformity percentage [8]. This research use 
experimental method. Simulation is used as a tool 
of experimental method to calculate annual 
radiation received (kWh/m²). Gradient diagram is 
used for choosing the optimum configuration.  
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II. LITERATURE REVIEW

PV cell which is made from semiconductor 
material, silicon (Si) has some influencing factors 
in generating electricity. First is the cell’s 
temperature. Optimum temperature for PV cells to 
generate electricity is at 25°C. An air gap can be 
used to prevent the rising of PV cell’s temperature 
[9]. Second is PV cells number in a modul. This 
will directly influence the electricity voltage 
generated by PV cells. Commonly, the standard 
modul range between 36 until 216 cells. For 36 
cells panel, the modul size is 1184 mm x 545 mm x 
35 mm. Third are silicon type and PV cell’s color. 
Monocrystalline Silicon has the highest efficiency. 
Usually, PV cell has dark color in order to 
minimize light reflection and maximize the 
electricity generation. Fourth is PV modul 
efficiency characteristic. Each brand has its own 
efficiency characteristic. This research use 80Wp 
PV cell made by “Bell” which has 12,38% 
efficiency characteristic. 

At BIPV system, photovoltaic become an 
integrated part of the building. The building’s form 
will definitely influence the efficiency of BIPV. As 
mentioned before, buildings in tropical climate are 
designed to minimize radiation received. One of the 
parameter is surface to volume ratio. A good 
proportion to minimize solar radiation received is 
3: 7.1: 3 [4]. Sometimes because of building’s 
form, radiation received can’t be maximized. 
Losing energy for about 10% is assumed as good 
compromize between shape and BIPV function 
[10]. 

Another factor related to BIPV efficiency is 
shading. Self shading and environment shading will 
reduce the electricity output. Environment shading 
will reduce power output from BIPV up to 25%-
30% from its maximum ability [11]. Meanwhile for 
self-shading, the use of 6 dioda in one single panel 
will minimize the effect of self shading [11]. 
Optimal proportion between transparant materials 
and opaque PV moduls to total facade area is 
another factor that should be concerned when 
analyzing BIPV efficiency. In area with strong 
radiation, the optimal proportion range between 
30%-40% [9]. 

Combination of tilt and orientation angle will 
influenced BIPV system. Optimum tilt angle for 
folding roof is 46⁰ facing West and East, while 
optimum orientation angle for folding wall is 44⁰ 
facing north and south [2].   

III. DISCUSSION

A. Experiment

Pretest, treatment, and posttest condition are 
shown in the table below. 

TABLE 1. EXPERIMENT METHOD 

Pretest Treatment Posttest 
Building 
configuration that 
minimize solar 
radiation received 

Folding treatment 
on low rise 
building roof, 
based on optimum 
tilt and orientation 
angle 

Optimum 
folding roof 
configuration 
for low rise 
building office. 

Folding treatment 
on low rise 
building wall, 
based on optimum 
tilt and orientation 
angle 

Optimum 
folding wall 
configuration 
for low rise 
building office. 

Folding treatment 
on low rise 
building fasade 
(roof and wall), 
based on optimum 
tilt and orientation 
angle 

Optimum 
folding facade 
configuration 
for low rise 
building office. 

B. Models
Base case model for pretest condition (as shown

in Figure 1) is arranged based on these theories: 

• Typology of building for minimizing solar
radiation received with 3: 7.1: 3 proportion [4]
• Floor to floor height for office building is about
4m – 4.2m [12].
• PV placement on wall is above human horizon
height, it is about 1.74m [13]

Based on theories above, base case model 
dimentions are: 
Height = 3 x 4.2m = 12.6 m 
Length = 7.1x4.2m = 29.82m 
Width = 3x4.2m = 12.6 m 

Figure 1. Base Case Model 

PV placement on base case model is shown in 
Table 2. 
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 TABLE 2. PV PLACEMENT ON BASE CASE MODEL 

Roof Model: 

PV numbers: 575 

Area/PV (m²) 

Total area (m²) 

West 
Wall 

Model: 

PV numbers: 138 

Area/PV (m²) 

Total area (m²) 

Treatment is done to base case model to get 
folding models, which are arranged based on these 
theories: 
• Base case model as shown in Figure 1 and

Table 2.
• Folding roof configuration based on 46⁰ tilt

angle, facing West-East [2]
• Folding wall configuration based on 44⁰

orientation angle, integrated on West wall,
facing North and South [2]

• 36 cells opaque monocrystalline PV panel
modul (size: 1184 mm x 545 mm x 35 mm)

• PV placement on wall is above human horizon
height, it is about 1.74m [13]

• Placement of PV panel on both sides of folding
shape to maximize the uniformity of annual
radiation received.

All models are shown in Table 3. 

C. Annual Radiation Received: Calculation and
Analyses
All those models are then simulated using

Archipak 5.1 software. This software has the ability 
to calculate the amount of annual radiation received 
on average day of 12 months, on a sloping surface. 
This paper presents calculation using climate data 

of Surabaya from 2010-2014. Table 4 and Table 5 
shows the calculation of annual radiation received 
for folding roof-BIPV and folding wall-BIPV. 
Total annual radiation received for folding façade 
BIPV is calculated by combining the ones from 
roof and wall, as shown in Table 6. 

As mentioned before, this research will also 
consider about environmental shading. Assumed 
that photovoltaic panel has 6 diode, the annual 
radiation received will be reduced by 25%-30%. 
The numbers of annual radiation received from this 
calculation are then converted into numbers of 
electrical energy generated. These are shown in 
Table 7. In order to compare the result with annual 
radiation received by high rise building, these table 
are also completed with numbers of electrical 
energy generated by folding-BIPV configuration in 
high rise building [2].  

For roof, folding-BIPV configuration on low 
rise building (Rfl) generate electrical energy as 
much as 91.98 kWh/m²/year. This number is 
40.56% higher than electrical energy generated by 
flat roof on low rise building, and 265.44% higher 
than electrical energy generated by Rfh. This can 
be explained by some theories. First, Rfl has the 
biggest area. The numbers of solar receiving area 
will directly influence the numbers of solar 
radiation received. Bigger area means higher solar 
radiation received, which also means higher 
electrical energy generated [14]. Second, in some 
area placed near the equator, sun movement is 
dominant on the top of the building, which means 
the highest solar radiation will be received by the 
building’s roof [3]. Third, the orientation of 
photovoltaic panels to East and West direction is 
based on the assumption that East side will receive 
half solar radiation from the morning until 12:00, 
and West side will receive the other half from 
12:00 until the sunset [15]  

For wall, the electrical energy generated from 
Wfl is 23.85% higher than flat wall. But, it is 
407.04% lower than Wfh. The electrical energy 
generated from Wfl is lower than Wfh because of 
two factors, numbers of area and environmental 
shading. Wall area on Wfl is much more smaller 
than Wfh, which means that solar radiation 
received in Wfl is also lower than Wfh. Shading 
will obstruct the solar radiation received and finally 
reduce the effectivity of photovoltaic panel in 
generating electrical energy.   

For façade, the electrical energy generated 
from Ffl is about 111.30 kWh/m²/year. This 
number is 39.67% higher than electrical energy 
generated by flat fasade, but 8.67% lower 
compared to electrical energy generated by Ffh.      
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TABLE 3. VARIOUS POSSIBILITIES OF FOLDING ROOF AND WALL  

113 | Journal of Engineering Technology (JET) Vol.4 No.1, August 2016

Susan 



TABLE 4. CALCULATION FOR TOTAL ANNUAL RADIATION RECEIVED BY FOLDING ROOF-BIPV 

a. Base Case

Name Orientation Tilt Annual Radiation Received Side 1 Annual Radiation Received Side 2 

Area Annual 
Radiation 
Received 

Annual 
Radiation 
Received 

Area Annual 
Radiation 
Received 

Annual 
Radiation 
Received 

Total 
Annual 
Radiation 
Received 

(°) (°) (m²) (kWh/m²) (kWh) (m²) (kWh/m²) (kWh) (kWh) 

a b c d e f (dxe) g h i (gxh) j (f+i) 

Flat 
Roof 

0 0 371,04 2294 851.165,76 - - - 851.165,76 

b. Folding Roof-BIPV

Name Orientation Tilt Annual Radiation Received East Side Annual Radiation Received West Side 

Area Annual 
Radiation 
Received 

Annual 
Radiation 
Received 

Area Annual 
Radiation 
Received 

Annual 
Radiation 
Received 

Total 
Annual 
Radiation 
Received 

(°) (°) (m²) (kWh/m²) (kWh) (m²) (kWh/m²) (kWh) (kWh) 

a b c d e f (dxe) g h i (gxh) j (f+i) 

Rfl East-West 46 252,30 2357 594.671,1 252,30 2385 601.735,5 1.196.406,6 

Note: 
Rfl: Folding roof-BIPV configuration for low rise building 

TABLE 5. CALCULATION FOR TOTAL ANNUAL RADIATION RECEIVED BY FOLDING WALL-BIPV 

a. Base Case

Name Orientation Tilt Annual Radiation Received Side 1 Annual Radiation Received Side 2 

Area Annual 
Radiation 
Received 

Annual 
Radiation 
Received 

Area Annual 
Radiation 
Received 

Annual 
Radiation 
Received 

Total 
Annual 
Radiation 
Received 

(°) (°) (m²) (kWh/m²) (kWh) (m²) (kWh/m²) (kWh) (kWh) 

a b c d e f (dxe) g h i (gxh) j (f+i) 

Flat 
Wall 270 270 89,05 2279 202.944,95 0 0 0 202.944,95 

b. West Wall Configuration (Folding facing North and South)
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Nama Azi Ori Annual Radiation Received North Side Annual Radiation Received South Side 

Area Annual 
Radiation 
Received 

Annual 
Radiation 
Received 

Area Annual 
Radiation 
Received 

Annual 
Radiation 
Received 

Total 
Annual 
Radiation 
Received 

(°) (°) (m²) (kWh/m²) (kWh) (m²) (kWh/m²) (kWh) (kWh) 

A b c d e f (dxe) g h i (gxh) j (f+i) 

Wfl 316 44 58,08 2096 121.735,68 58,08 2230 129.518,4 251.254,08 

Note: 
Wfl: Folding wall-BIPV configuration for low rise building 

TABLE 6. CALCULATION FOR TOTAL ANNUAL RADIATION RECEIVED BY FOLDING FACADE-BIPV 

Roof and Wall Combination Flat Roof, Low Rise Building 
(kWh) 

Folding Roof, Low Rise 
Building (kWh) 

Folding Roof, High Rise 
Building (kWh) 

595.816,03 837.484,62 229.512,80 
Flat Wall, Low Rise 
Building  (kWh) 

142.061,47 737.877,50 x x 

Folding Wall, Low 
Rise Building (kWh) 

175.877,86 x 1.013.362,48 x 

Folding Wall, High 
Rise Building (kWh) 

893.274,01 x x 1.122.786,81 

Note: 
Wfl: Folding wall-BIPV configuration for low rise building 

TABLE 7. CALCULATION FOR ELECTRICAL ENERGY GENERATED 

Name Total annual radiation 
received, before shadow 

(kWh) 

Total annual radiation 
received after shadow 

(kWh) 

Electrical energy 
generated (kWh/year) 

Electrical energy 
generated (kWh/m²/year) 

a b (a - 30%) c (b x 12,38%) d (c / 1127,196m²) 

Flat roof 851.165,76 595.816,03 73.762,02 65,44 

Rfl 1.196.406,60 837.484,62 103.680,60 91,98 

Rfh - - - 25,17 

Flat wall 202.944,95 142.061,47 17.587,21 15,60 

Wfl 251.254,08 175.877,86 21.773,68 19,32 

Wfh - - - 97,96 

Flat facade 1.054.110,71 737.877,50 91.349,23 81,12 

Ffl 1.447.660,68 1.013.362,48 125.454,28 111,30 

Ffh - - - 123,12 

Note: 
Rfl : Folding roof-BIPV configuration for low rise building 
Rfh : Folding roof-BIPV configuration for high rise building [2] 
Wfl : Folding wall-BIPV configuration for low rise building 
Wfh : Folding wall-BIPV configuration for high rise building [2] 
Ffl : Folding façade-BIPV configuration for low rise building 
Ffh : Folding façade-BIPV configuration for high rise building [2] 
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D. Uniformity Percentages
Second variable of optimation is the uniformity

percentages. Each of roof and wall folding 
configuration has two sides, whether facing East 
and West for roof, or North and South for wall. 
Uniformity percentage is calculated by comparing 
the annual radiation received from the two side of 
folding shape, for each configuration. The 
calculation for Folding roof-BIPV and Folding 
wall-BIPV can be seen in Table 8. 

TABLE 8. UNIFORMITY PERCENTAGE FOR ROOF AND 
WALL FOLDING CONFIGURATIONS 

NName Side 1 Annual 
Radiatio

n 
Receive
d Side 1 
(kWh) 

Side 2 Annual 
Radiation 
Received 

Side 2 
(kWh) 

Unifor
mity 

Percent
ages 

Rfl Facing 
East 

594.671,
10 

Facing 
West 

601.735,
50 

98,83% 

Rfh Facing 
East 

114.078,
80 

Facing 
West 

115.434,
00 

98,83% 

Wfl Facing 
North 

121.735,
68 

Facing 
South 

129.518,
40 

93,99% 

Wf
h 

Facing 
North 

460.471,
81 

Facing 
South 

432.802,
20 

94,00% 

Uniformity percentages for façade is the 
average of uniformity percentages from roof and 
wall, which is combined for each low rise building 
and high rise building. Table 9 shows the 
calculation for Folding façade-BIPV. 

TABLE 9. UNIFORMITY PERCENTAGE FOR FACADE 
FOLDING CONFIGURATIONS 

Combination of Roof and Wall 
Folding Configurations 

Rfl Rfh 

(%) (%) 

98,83 98,83 

Wfl (%) 93,99 96,41 x 

Wfh (%) 94 x 96,42 

E. Optimation Analyses
For optimation analysis, annual radiation

received together with uniformity percentages from 
each configuration are plotted into Gradient 
Diagram, as shown in Fig. 2.  

As shown in Figure 2, all configurations could 
not reach the optimation standard of electrical 
energy produced. Electrical energy generated by 
folding façade-BIPV at low rise building can fulfill 
46.38% of electrical energy needed. It is a bit under 
the one that produced by high rise building. But, 

that electrical energy already exceed the optimation 
limit of fossil energy substitution, which has been 
the target of government mix-energy program. 
Uniformity percentages as the second optimation 
variable use 80% as the standard. Figure 2 shows 
that all configurations exceed that standard. 

Figure 2. Gradient Diagram 

IV. CONCLUSION
The research is done by experimental method in 

order to get the optimation of electrical energy 
generation in low rise office building which use 
folding-BIPV concept. The result show that 
optimum folding configurations could exceed the 
optimation standard, both for electrical energy 
generation and uniformity percentage. Electrical 
energy generated is around 111.3 kWh/m²/year and 
the uniformity percentages is about 96.41%. 

For roof, East-West orientation with 46⁰ tilt 
angle is the optimum configuration. For wall the 
best is West folding configuration, in 44⁰ 
orientation angle, with folding facing North and 
South. Folding façade-BIPV is designed by 
combining those two configurations. The 
conclusions are match with the theory shown by 
Roberts, 2009 [1], Krishan, 2001 [3], Bonifacius, 
2012 [14].  

References 
[1] Roberts. Simon dan Guariento. Nicolo. (2009).

Building Integrated Photovoltaic. A Handbook. 
Boston. Berlin. 

[2] Susan. (2013). Optimasi Konfigurasi Fasade
Bidang Lipat yang Terintegrasi dengan Panel
Surya Sistem BIPV pada Bangunan Kantor.
Insititut Teknologi Sepuluh Nopember.
Surabaya.

[3] Krishan. Arvind; Baker Nick; Yannas. Simos;
Szokolay. S.V. (2001). Climate Responsive
Architecture. A Design Handbook for Energy
Efficient Buildings. McGraw-Hill. New Delhi.

[4] Markus, T.A. & Morris, E.N, (1980), Buildings,
Climate and Energy, Pitman.

116 | Journal of Engineering Technology (JET) Vol.4 No.1, August 2016

Susan 



[5] Yeang, Ken, (2008), Ecodesign, A Manual for
Ecological Design, Wiley-Academy, Great
Britain.

[6] Heerwagen, (2004), Passive and Active
Environmental Controls, Informing The
Schematic Design for Buildings, McGrawHill,
Singapore.

[7] Marzuki. Ahmad & Rusma. (2012). Audit
Energi pada Bangunan Gedung Direksi PT.
Perkebunan Nusantara XIII. Jurusan Teknik
Elektro Politkenik Negeri Pontianak.
Pontianak.

[8] Mehleri. E.D; Zervas. P.L; Sarimveis. H;
Palyvos. J.A; Markatos. N.C. (2010).
Determination of The Optimal Tilt Angle and
Orientation for Solar Photovoltaic Arrays.
National Technical University of Athens.
School of Chemical Engineering. Athens.
Greece.

[9] Geun Young Yun; McEvoy. Mike; Steemers.
Koen. (2006). Design and Overall Energy
Performance of A Ventilated Photovoltaic
Facade. The Martin Centre for Architectural
and Urban Studies. Department of
Architecture. University of Cambridge. UK.

[10] Urbanetz. Jair; Zomer. Clarissa; Ruther.
Ricardo. (2011). Compromises between Form
and Function in Grid-Connected. Building-
Integrated Photovoltaics (BIPV) at Low-
latitudes Sites. a Universidade Federal de
Santa Catarina/UFSC. Campus Universitário
Trindade. Brazil.

[11] Ubisse, A., Sebitosi, A. (2009), A New
Topology to Mitigate The Effect of Shading
for Small Photovoltaic Installations in Rural
Sub-Saharan Africa, University of Cape
Town, Cape Town, South Africa, pp. 17

[12] Kohn, A. Eugene dan Katz, Paul, (2002),
Building Type Basics for Office Building,
John Wiley & Sons, New York.

[13] DeChiara, J., Panero, J., Zelnik, M., (2001),
Time Saver Standard for Interior Design and
Space Planning, McGrawHill.

[14] Bonifacius, Nurhamdoko, (2012), 
Optimalisasi Kondisi Termal dan 
Pembangkitan Energi pada Atap Photovoltaic 
Terintegrasi di Daerah Tropis Lembab, 
Insititut Teknologi Sepuluh Nopember, 
Surabaya. 

AUTHOR’S PROFILE 

Susan, S.T, M.T, is a Lecturer at Interior 
Architecture Department, Universitas Ciputra, 
Surabaya, Indonesia.	  

117 | Journal of Engineering Technology (JET) Vol.4 No.1, August 2016

Susan 



	  

	  

	  



	  

	  


	COVER
	TOC
	FILE
	BACK



