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1.  General information 
 
Name of the project : ‘7.36 kWp BIPV System at Monash University’ 
Location  : Sunway, Malaysia 
Project type  : Building Integrated PV (BIPV)  
Peak power installed : 7.36 kWp 
Start of operation : 12th June 2007 
 
 

2.  Added value 

The installation of 7.36 kWp BIPV system at the Sunway Campus Malaysia of Monash 
University was initiated by the project main contractor, Sunway Construction Sdn Bhd. The 
idea of having BIPV system was moted during the project construction and the BIPV system 
was nicely integrated on the link bridge at the main entrance of the campus.  

 
3.  Economic issues 
 
This BIPV project received almost 100% financial support (showcase project) from Malaysia 
Energy Centre (PTM) under the Malaysia Building Integrated Photovoltaic (MBIPV) Project. 
In addition, this project also received technical assistance from the MBIPV Project on system 
design concept and for interconnection to the National Utility Company, Tenaga Nasional 
Berhad (TNB) on net-metering basis.  
 
The system price for this 7.36 kWp system is shown in Table 1 below.  
 
Table 1: BIPV system price (in Malaysian Ringgit). 
Item 
 

Qty Total price (RM) % 

PV modules (64Wp each) 
 

115 units 100,350.72 51 

Inverter Solarmax 4200C 
Solarmax 2000C 
 

1 unit each 17,580 9 

Mounting structures 1 lot 41,000 
*Note: 36,000 was 

contributed by Sunway 
Construction S/B 

21 

Electrical, design and others 
 

1 lot 36,000 19 

System price (7.36 kWp) 194,930.72 100 
Price per kWp system 26,485 - 
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4.  Architecture 
 
Monash University's new campus in Bandar Sunway has the distinction of being a model 
building for Malaysia's Building Integrated Photovoltaic (BIPV) programme aimed at 
showcasing the concept of incorporating photovoltaic systems into a building during the 
construction phase. It shows that the solar modules can be incorporated into designs without 
affecting their facade or architecture. 
 
The incorporation of BIPV system into the building was agreed after a few rounds of 
negotiation and discussion with the project owner and consultants on the suitable location to 
ensure maximum yield from the PV system and aesthetic integration. The MBIPV team 
proposed a few options on the BIPV applications and finally agreed that the PV modules to be 
incorporated on the link bridge as shown in the pictures. 
 
 

  

Artist impressions-some of the suggested BIPV applications. 
 

  

Actual BIPV installation. 
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5.  Energy calculations 
 
The expected electricity production is calculated as follows: 
 
Sub-system 1 (Solarmax 4200C) – Assuming that 10% of the areas are shaded either in the 
morning or afternoon. 
�  Total number of PV modules installed 80 units each 64 Wp  
�  Total PV capacity installed  5.12 kWp 
�  Expected annual energy yield  6,189 kWh/year  
�  Expected daily energy production  16.9 kWh/day 
 
By assuming that the Sub-system 1 is 10% shaded throughout the day, the expected yearly and 
daily energy production is 5,570 kWh/yr and 15.2 kWh/day respectively. 
 
 
Sub-system 2 (Solarmax 2000C) – Assuming that 50 % of the areas are shaded either in the 
morning or afternoon. 
�  Total number of PV modules installed 35 units each 64 Wp  
�  Total PV capacity installed  2.24 kWp 
�  Expected annual energy yield  2,705 kWh/year  
�  Expected daily energy production  7.4 kWh/day 
 
By assuming that the Sub-system 2 is 50% shaded throughout the day, the expected yearly and 
daily energy production is 1,352 kWh/yr and 3.7 kWh/day respectively. 
 
Please refer to Annex 1 for detail calculation. 

 
 

6.  Solar modules and inverter 
 
i) PV modules 
A total of 115 units each 64 Wp (plus 1 dummy module) amorphous silicon solar modules are 
used to cover an area of about 110 m2.  
 
The technical specifications are as follows:  
Manufacturer/model:  Kaneka GPA 064 (64 Wp)-standard 
�  Power rating: 64 Wp 
�  Type: amorphous silicon with frame 
�  Dimension (Ĺ W´ D): 990́ 960́ 40 mm 
�  Weight: 13.7 kg 
�  Certifications: IEC 61646 
�  Bypass diode: included 
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PV modules. 

 
 
 

 

  
 
 
 
ii) Grid connected inverter  
The system uses two units of grid connected with the technical specifications as stated below.   
 
Manufacturer/model: Solarmax 4200C 
�  MPP range: 90 to 560 Vdc 
�  Max input voltage: 600 Vdc 
�  Nominal power output: 3,800 Wac 
�  Max power output: 4,180 Wac 
�  Cooling: Thermal convection 
�  Dimension (Ĺ W´ D): 554́ 260́ 190mm 
�  IP rating: IP54  
�  Weight: 16.3 kg 
�  Certifications: EN 61000-6-1, EN 

61000-6-3, EN 61000-3-2, EN 50178 

Manufacturer/model: Solarmax 2000C 
�  MPP range: 90 to 560 Vdc 
�  Max input voltage: 600 Vdc 
�  Nominal power output: 1,800 Wac 
�  Max power output: 1,980 Wac 
�  Cooling: Thermal convection 
�  Dimension (Ĺ W´ D): 554́ 260́ 190mm 
�  IP rating: IP54  
�  Weight: 12.7 kg 
�  Certifications: EN 61000-6-1, EN 

61000-6-3, EN 61000-3-2, EN 50178 
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Inverters and control boxes. 

 
 
Solarmax 4200C and 2000C inverter. 
 
 

 
DC/AC combiner box and inverters are 
located in the riser room of 7th Floor. 
 

 
PV meter. 

 
 

 
 

7.  Mounting Structure 
 
The PV modules, inclined at about 15 degrees are mounted on extruded aluminum rectangular 
hollow sections and are fixed onto the metal deck roof. The mounting brackets are welded to 
the mounting structure and screwed to the metal deck. The access to the mounted PV arrays is 
easy and this helps to facilitate the installation and future maintenance of the BIPV systems. 
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Mounting structure. 

 
 
 

 

 

 
 
 
8.  Electrical design 
 
The PV modules in the arrays were connected in series of 5 by 7 (parallel) and 5 (series) by 
16 (parallel) in order to achieve a nominal system voltage and appropriate amount of current. 
The system is interconnected through indirect-feed to the local utility, TNB’s grid. The 
electrical system installation was conducted by a certified electrician based on the Malaysian 
Standard: MS 1837:2005. The system installation and commissioning was supervised by the 
MBIPV technical expert.  
 
In this system, the wirings are arranged in such a way that shaded areas either in the morning 
or in the late afternoon are connected to one inverter-Solarmax 2000C. The unshaded area 
(which is in the middle part) is connected into inverter Solarmax 4200C. This is to ensure 
optimization of energy yield by the BIPV system. The string wiring of the PV modules and  
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electrical schematic of the two systems are shown in the next diagrams. The outputs of the 
two systems are terminated in two array junction boxes. 
 
From the array junction boxes, energy generated will be fed into two separate inverters and 
the outputs of both inverters are joined into one digital kWh meter. The kWh meter is 
installed to capture the energy generated for the PV systems.  
 
 
 
String wiring of the two sub-systems and electrical schematic diagram of the BIPV systems. 
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System design (string 1 to 7) for Solarmax 2000C, 2.24 kWp. 

 
 
 
System design (string 8 to 23) for Solarmax 4200C, 5.12 kWp. 
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9.  Grid-connection 
 
Output of the inverter was fed to the main distribution board of the building (in-direct feed). A 
PV kWh meter which is TNB approved meter was installed in the electrical control room to 
monitor the energy generated. However, since the PV installed capacity is very minimal 
compared to the total building load, the owner has decided not to apply for net-metering 
application from TNB. Whatever kWh energy generated by the PV will be used instead. 
Therefore, it is not necessary to relocate the PV meter close to the TNB supply meter (as per 
TNB requirement) for billing. 
 
Currently in Malaysia, interconnection to the grid is on net-metering basis. The net-metering 
for billing using in-direct feed method is the difference between the electricity supplied to the 
customer through the TNB meter measurement in the import mode, and the surplus PV 
generated electricity exported to the TNB grid which is recorded by the TNB meter in the 
export mode. The PV meter records the total electricity generated by the PV system. 
However, net metering for billing purpose does not apply in this system. 
 
 

10.  Monitoring 
 
UiTM which was appointed by the MBIPV Project on April 2007 as the PV monitoring centre 
(PVMC) will be monitoring the BIPV system on detailed basis as this project falls under 
showcase category. The monitoring is effective for a minimum period of three years. The PV 
systems monitored will be shown in their website (http://pvmc.uitm.edu.my/). 
 
 

11.  Maintenance 
 
The owner (Monash University) shall assume ownership and responsibility of the system. 
System maintenance requirement is very minimal. As Malaysia is located near to the equator 
with heavy rainfalls, the modules need no regular cleaning. A regular check on cable tightness 
and connection on a scheduled interval is recommended for every 6 months. 
 
 

12.  Highlights and lessons learned 
 
Some of the highlights of this project are summarized as follows: 
 
i. Quality of installation 
 
Overall, the quality of the mechanical and electrical installation is good and neatly done. 
Mechanically, it is a functional solution meeting both the safety and load requirements. The 
design is optimised as the shaded areas are dedicated and connected to one single inverter 
(Solarmax 4200C) whereas; the unshaded area is connected to a different dedicated inverter 
(Solarmax 2000C).  
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However, it is recommended not to use the screw-type fuses as it can cause arcing while 
disconnecting if the DC breakers are not switched off. (See below picture). In the use of screw 
type fuses, the main circuit breaker (MCB) needs to be switched off before any connections or 
disconnection is made to the fuses. The fuses must also be properly tightened to ensure good 
connection. Therefore, to use only fixed type fuses and ensure DC or AC rated respectively in 
the future. 
 

 

 

 

 
 
 
ii.  Architectural and aesthetic 
 
The PV modules blend nicely on the link bridge and are visible from Levels 7 and 8. This 
BIPV system is a good showcase in terms of designing and optimizing the energy yield. 
 
 
 
iii.  Supply of components and services 
 
The system products were supplied by a few different parties namely: 
 
PV modules Kaneka brand:  supplied through local distributor Mitsui Co. Ltd. 

 
Inverter Solarmax brand by Sputnik Engineering: supplied through local 

distributor Laurenz Leistung Sdn Bhd 
 

Mounting structure Customised product supplied and installed by Swissprof Sdn Bhd 
 

Electrical installation Installed by local PV Service Provider: My Trends Sdn Bhd 
 

 
Managing the overall implementation of the project was a challenge to MBIPV team. MBIPV 
team, acted as the project manager was fully involved from system procurement, site 
coordination, and installation up to system commissioning. The rational behind appointing 
several suppliers in this project is to get the best price out of it since showcase project is  
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almost 100% financially supported by the MBIPV project. Therefore, it turned out that the 
unit price for this project is RM 26,485/kWp which is slightly lower than the market price at 
that time (ref: Nov 06 to Feb 2007, RM 28,000 to RM29,000 per kWp). 
Note: The price above excludes project management cost (man-hour and consultancy). 
 
Since this was the first BIPV project by the project owner and main contractor, the MBIPV 
team had to closely monitor and supervise the system installation and proper coordination of 
works to be done subsequently. 
 
 
 
iv. Project implementation 
 
There are many parties involved in the project implementation from supplying PV modules, 
inverters, structural and electrical installation. MBIPV team, who was the project manager, 
had to closely coordinate and monitor the overall project progress as any delay from one party 
will easily affect the work of other parties.  
 
During testing and commissioning, the responsible party identified to carry out the activity is 
the electrical installer. However, the PV modules, inverters and structural suppliers were not 
present and this complicate matters as ‘the acceptance test’ covered the overall system. For 
instance, the electrical installer alone shall not be responsible for the system acceptance test 
carried out during the testing and commissioning (only the electrical installer who signed 
stated that they are in compliance with the MS1837). The role of project manager is therefore 
important to coordinate the works of all parties. 
 
The positive part from this exercise shows that installation of BIPV system requires architect, 
electrical, mechanical and structural consultants’ involvement as it covers many building 
aspect and not electrical system alone. Alternatively, one may appoint an authorised PV 
Service Provider (PVSP) who can provide a total solution to its client especially for 
residential owner. This shall ensure the PVSP is held accountable for the overall BIPV 
system.  
 
The warranty given in this BIPV system is given as per product warranty. Monash Univeristy 
as the project owner shall be responsible for liaising with all the suppliers for after sales 
service and warranty. 
 
 
 
v. System ownership and maintenance 
 
The BIPV was handed over from Sunway Construction Sdn Bhd to the building owner with a 
proper briefing session in December 2007 from MBIPV team on the system.  With the 
transfer of ownership, Monash University is expected to fully maintain the BIPV system. The 
initiative and commitment in this aspect is important to ensure that the BIPV system is well 
taken care of. 
 
 
 
 
 



Milestone report showcase project: Monash University, Sunway Campus Malaysia    
 
 

Page 15 of 16 

vi. Impact of the BIPV system to the University 

It is expected that Monash University would make full use of the BIPV system including 
educating the students wherever possible. The reason being, showcase project shall be a good 
reference case for spinning of BIPV projects in Malaysia.  

The excerpt below was taken from the Monash newsline in December 2007: 

Monash University lecturer Dr Shen Weixiang said the project could also be used to support 
future research into photovoltaic systems being carried out on campus. 

“With growing concerning about globe warming and energy conservation, the research in PV 
technology is accelerated,” said Dr Shen, whose areas of research on PV systems focuses on 
standalone PV systems which are widely applied in the remote areas, such as some areas in 
Sabah and Sarawak, where national power grid can not be accessed.  

“The PV technology is one of renewable energy technologies which can support the 
development of our society in the sustainable way. Since solar cell is expensive in standalone 
PV systems, minimizing the size of solar cells is crucial to reduce the system cost.” 

Aside from using the BIPV system to support research on campus, Monash University is also 
exploring the possibility of carrying out internship programmes with the Malaysia Energy 
Centre for its engineering students. These internships will provide students the opportunity to 
gain hands-on experience in working on solar energy programmes and pick up practical skills 
to support their education. – by Jasbir Singh. 
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Annex 1: Calculation of expected annual energy yield of the system (assuming the systems 
are free from any shading). 

·  Array is rated at 7.36 kWp 
·  Inverter efficiency: Solarmax 4200C and 2000C is about 95% 
·  Average daily maximum ambient temperature of 35 °C 
·  Allow 5% for manufacturers tolerance and mismatch 
·  Dirt derating of 3% 
·  Total voltage drop of 2% 

 
Sub system 1: 5.12 kWp Sub system 2: 2.24 kWp 
Step 1: The derating of the PV array can be calculated by the following formula: 
Parray = Pa.stc ´  fmm ´  ftemp ´  fdirt 
Pa.stc = 5.12 kWp 
fmm = 0.95 (5%) 
fdirt = 0.97 (3%) 
 

ftemp =1 - (g ´  (Tcell.eff  - Tstc))     
�g��������	����
��
������ �������� ���� ����� ����
 
� ��  
  = 1 - (0.25/100 x ((35 + 25) -25))   
 = 0.9125 
 
Parray = Pa.stc ´  fmm ´  ftemp ´  fdirt   
  = 5.12 x 0.95 x 0.9125 x 0.97 
  = 4.3 kWp 

 

Parray = Pa.stc ´  fmm ´  ftemp ´  fdirt 
Pa.stc = 2.24 kWp 
fmm = 0.95 (5%) 
fdirt = 0.97 (3%) 
 

ftemp =1 - (g ´  (Tcell.eff  - Tstc))     
�g��������	����
��
������ �������� ���� ����� ����
 
� ��  
  = 1 - (0.25/100 x ((35 + 25) -25))   
 = 0.9125 
 
Parray = Pa.stc ´  fmm ´  ftemp ´  fdirt   
  = 2.24 x 0.95 x 0.9125 x 0.97 
  = 1.88 kWp 

 
Step 2: The average yearly energy output of the PV array is calculated as follows: 
Epv  =  Parray x  Htilt    
 
Parray = 4.3 kWp 
Htilt = 1,546 kWh/m2  
(Meteonorm: Irradiance at PJ, tilted at 15 
degrees) 
Epv  =  Parray x  Htilt 

 = 4.3 x 1,546  
 = 6,647 kWh per annum 
 

Epv  =  Parray x  Htilt    
 
Parray = 1.88 kWp 
Htilt = 1,546 kWh/m2  
(Meteonorm: Irradiance at PJ, tilted at 15 
degrees) 
Epv  =  Parray x  Htilt 

 = 1.88 x 1,546  
 = 2,906 kWh per annum 
 

Step 3: The sub-system efficiency can be calculated from the following formula: 
hpvss  =hpv-inv x  hinv  
hpvinv = 98%  (2% voltage drop) 
h inv  = 95%   
 

hpvss  = hpv-inv x  h inv  
  = 98% x 95%   
  = 93.1%  

hpvss  =hpv-inv x  hinv  
hpvinv = 98%  (2% voltage drop) 
h inv  = 95%   
 

hpvss  = hpv-inv x  h inv  
  = 98% x 95%   
 = 93.1% 

Step 4: The average yearly real energy yield of the PV system is calculated as follows: 
Ereal  = Epv x  hpvss  

 = 6,647 x 0.931  
 = 6,189 kWh per annum 
 = 16.9 kWh per day 

Ereal  = Epv x  hpvss  

 = 2,906 x 0.931  
 = 2,705 kWh per annum 

 = 7.4 kWh per day 
 


