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1.  General information 
 
Name of the project : ‘92 kWp BIPV Systems at PTM Zero Energy Office Building’ 
Location  : Bandar Baru Bangi, Selangor, Malaysia 
Project type  : Building Integrated PV (BIPV)  
Peak power installed : 92 kWp 
Start of operation : 30th June 2007 
 

Capacity PV Service Provider 
System A: 47.28 kWp (polycrystalline) 
 

Mitsubishi Electric Asia Pte Ltd/ Eco 
Gallery Sdn Bhd 

System B: 6.08 kWp (amorphous silicon) 
 

IBS Solar AG/ IBC Solar Teknik Sdn Bhd 

System C: 11.64 kWp (monocrystalline glass-
glass) 

PJ Indah Sdn Bhd/ Solarworld Asia Pacific 
Pte Ltd 

System D: 27 kWp (monocrystalline) 
 

SFG Technology Sdn Bhd 

 
 

2.  Added value 

The installation of 92 kWp BIPV Systems at PTM ZEO building was inspired during the 
formation of the MBIPV Project where PTM was appointed as the implementing agency by 
the Ministry of Energy Water and Communications Malaysia. The timing and idea of 
including BIPV systems was really timely as PTM was in the design concept of having its 
own building which incorporates EE and RE features.  

The design of building incorporates energy efficiency from passive techniques, orientation 
and vegetation, to active features i.e. highly efficient lighting systems, floor slab cooling, 
double-glazed windows, a thermal wall at its east and west facing facades, etc. Thus, the point 
of differentiation in this ZEO building (when compared with the other energy efficient 
buildings in the country) lies in its self-sustainability, the ability to be self sufficient with 
power generated from the building integrated photovoltaic (BIPV) systems.  

The first of its kind in Malaysia, PTM ZEO sets a new standard of energy efficiency by 
generating sufficient electricity from its BIPV system for the entire office use! Four different 
PV systems using four different technologies are installed in this building. The first and 
biggest comprises 47.28 kWp of polycrystalline modules on the main roof. The second uses 
amorphous silicon units with a capacity of 6.08 kWp. This is incorporated as the second main 
roof. The atrium of the building is glass-glass semi transparent PV modules with a capacity of 
11.64 kWp, while the car park roof is integrated monocrystalline PV modules with a capacity 
of 27 kWp.  
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3.  Economic issues 
 
Out of 92 kWp, 40 kWp was funded under the Malaysia Building Integrated Photovoltaic 
(MBIPV) Project through its showcase programme. In addition, this project also received 
technical assistance from the MBIPV Project on system design concept, tender preparation 
and evaluation, project monitoring and for interconnection to the National Utility Company, 
Tenaga Nasional Berhad (TNB) on a net-metering basis.  
 
The summary of the system price for the four systems and the comparison of the components 
pricing are shown in the table and graph as below.  
 
Items System A System B System C System D
Preliminaries 15,800.00        9,000.00      105,000.00  14,132.00    
Design cost 16,800.00        15,000.00    2,000.00      8,000.00      
PV modules 655,616.00      82,500.00    541,804.00  490,489.00  
Central/ string type inverter 128,043.00      13,500.00    32,572.00    66,842.00    
Mounting, mechanical and structural 117,074.00      65,000.00    57,500.00    118,940.00  
Electrical and ancillary works 66,800.00        60,000.00    57,500.00    20,500.00    
Installation of mechanical and electrical 56,000.00        100,000.00  18,400.00    34,500.00    
Warranty (min 24 mths) 18,800.00        10,000.00    8,000.00      17,600.00    
O&M manual,as built drawings, product specs 4,800.00          5,000.00      1,750.00      3,000.00      
Testing and commissioning 15,800.00        10,000.00    10,000.00    7,110.00      
Any other works 155,500.00      - 10,000.00    10,000.00    
Initial discount - (40,000.00)   (10,000.00)   -
TOTAL 1,251,033.00   330,000.00  834,526.00  791,113.00  
(Discount-after negotiation) (35,000.00)      (88,000.00)   (76,035.00)   -               
NET TOTAL 1,216,033.00   242,000.00  758,491.00  791,113.00  
kWp 47.28               6.08 11.60           27.00           
RM/kWp 25,719.82        39,802.63    65,387.16    29,300.48     
 
 

Comparison of components pricing

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

System A System B System C System D

PV modules Central/ string type inverter

Mounting, mechanical and structural Electrical and ancillary w orks

Installation of mechanical and electrical Others (Warranty, T&C, Prelim, design, O&M)

 
 
 
 
 
 



Milestone report showcase project: BIPV Systems at PTM ZEO Building, Bandar Baru Bangi, Malaysia    
 
 

Page 6 of 48 

 
The economic analysis of the main BIPV systems (RM/Wp) is shown in the next table and 
graph.  

Equipment RM RM/Wp RM RM/Wp RM RM/Wp RM/Wp
PV modules 655,616.00  13.87    82,500.00    13.57    541,804.00  46.71    490,489.00  18.17    
Central/ string type inverter128,043.00  2.71      13,500.00    2.22      32,572.00    2.81      66,842.00    2.48      
Balance of system 239,874.00  5.07      225,000.00  37.01    133,400.00  11.50    173,940.00  6.44      

System A System B System C System D
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4.  Architecture 

Dubbed as ‘Zero Energy Office (ZEO) building’, PTM is showcasing sustainable and green 
building design in Malaysia as well as in the South East Asia region.  

The four BIPV systems were incorporated into the building as part of the building element 
during the design stage of the building. All consultants including the architect, C&S and 
M&E engineers were fully involved in the design and integration of the BIPV systems. This 
project could serve as an exemplary of BIPV applications in Malaysia. 

 
 

 
 
 
 
 

Artist impression: The model of PTM ZEO 
Building to incorporate four types of BIPV 

systems into the building. 
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Actual building was completed and occupied in late October 2007. 

 
 

5.  Energy calculations 
 
The contract target and installed capacity for the BIPV systems are as follows: 
System  Target capacity 

(kWp) 

Expected kWh 

(based on 1,200 kWh/kWp/yr) 

Installed capacity 

(kWp) 

A 44.5 53,400 47.28 

B 5.88 7,056 6.08 
C 10 12,000 11.64 
D 25 30,000 27 

Total 85.38 102,456 92 
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System A: 47.28 kWp 
 

i. Solar modules  
 
A total of 394 units each 120 Wp polycrystalline solar modules are used to cover an area of 
about 370 m2.  
  
The technical specifications are as follows:  
Manufacturer/model:  Mitsubishi PV-MF120EC3 (120Wp) 
�  Power rating: 120 Wp 
�  Type: polycrystalline without frame 
�  Dimension (Ĺ W´ D): 1425́ 646́ 56 mm 
�  Weight: 11.5 kg (with frame) 
�  Certifications: IEC 61215 
�  Bypass diode: included 
 
 
PV modules: 
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ii)  Grid connected inverter  
 
The system uses two units of grid connected inverters with the technical specifications as 
stated below.   
 
Manufacturer/model: Fronius IG500 
�  MPP range: 210 to 420 Vdc 
�  Max input voltage: 530 Vdc 
�  Nominal power output: 40 kWac 
�  Max power output: 40 kWac 
�  Cooling: controlled force air cooling 
�  Dimension (Ĺ W´ D): 

600́ 600́ 2557mm 
�  IP rating: IP54 
�  Weight: 265 kg 
�  Certifications: EN 61000-6-1, EN 

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

Manufacturer/model: Fronius IG15 
�  MPP range: 150 to 400 Vdc 
�  Max input voltage: 500 Vdc 
�  Nominal power output: 1,300 Wac 
�  Max power output: 1,500 Wac 
�  Cooling: controlled force air cooling 
�  Dimension (Ĺ W´ D): 366́ 344́ 220mm 
�  IP rating: IP54  
�  Weight: 9 kg 
�  Certifications: EN 61000-6-1, EN 

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

 
 
Inverters and control boxes: 

 
Fronius IG 500 inverter (right). 

 

 
PV kWh meters (left), switches (middle) and 

Fronius IG 15 inverter (right). 
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iii) Mounting Structure 
 
The PV modules which are frameless, inclined at about 7 degrees are mounted on a steel hot 
dipped galvanized purlin matrix. Double coated 2.3mmVHB tape type 3M Acrylic Foam 
Tape 4991 is selected for the bonding the modules onto the steel purlin structure. The 
procedure for application of the tape is tightly controlled to ensure maximum adhesion. 
 
3M scotch seal PU sealant 540, a one component, moisture curing product which form 
permanent elastic bonds seals the join between the modules and the steel purlin structure to 
prevent water leakage. The cross section of the mounting system is shown below: 
 

 
 
 
A performance test for the mounting structure method against water leakage was conducted in 
Singapore on 26th July 2006 by TUV PSB Corporation Pte Ltd, Singapore witnessed by 
MBIPV team, project contractor (Putra Perdana Construction Sdn Bhd) and M&E Consultant 
(Five-H Associates Sdn Bhd.). The report prepared by the team is attached as per Annex 1. 
 
Mounting structure: 

  
 

Solar Module  
Solar Module  

PU Sealant 

VHB Tape 
Structure 
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VHB tape. 
 

 

 
 
3M PU sealant. 

 

 
 

iv) Electrical design 
 
The PV modules in the arrays were connected in series of 21 by 8 (parallel) connected to 
Fronius IG500 inverter and 16 (series) by 1 (parallel) connected to Fronius IG15 inverter in 
order to achieve a nominal system voltage and appropriate amount of current. The electrical 
schematic is shown in the next picture. 
 
The system is interconnected through indirect-feed to one of the dedicated local distribution 
board. The electrical system installation except the SPDs part was conducted by a certified 
electrician based on the Malaysian Standard: MS 1837:2005. The SPDs connection installed 
are according to the manufacturer’s recommendation (Phoenix Contact) as shown in the next 
diagram. It means that besides having SPD at +ve and -ve string, it has an added element to 
the ground. 
 
 
 
 



Milestone report showcase project: BIPV Systems at PTM ZEO Building, Bandar Baru Bangi, Malaysia    
 
 

Page 12 of 48 

 
 

Connection at DC side.  
Connection at AC side (per phase). 

 
 
The system installation and commissioning was supervised by the MBIPV technical expert. 
An energy meter was installed to capture the energy generated for the BIPV systems. It is then 
linked to the Building Management System for integrated system performance monitoring. 
 
SPDs and MCCBs: 

 
 

 
 

 
PV kWh meter. 
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System B: 6.08 kWp 
 

i) Solar modules  
 
A total of 95 units (plus 17 units functioning as dummies for aesthetic reason) each 64 Wp 
amorphous silicon solar modules are used to cover an area of about 107 m2.  
  
The technical specifications are as follows:  
Manufacturer/model:  Kaneka GPA064 (64 Wp) 
�  Power rating: 64 Wp 
�  Type: amorphous silicon, with frame 
�  Dimension (Ĺ W´ D): 960́ 990́ 40 mm 
�  Weight: 14 kg  
�  Certifications: IEC 61416 
�  Bypass diode: included 
 
 
PV modules: 
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ii)  Grid connected inverter  
 
The system uses one unit of grid connected inverter with the technical specifications as stated 
below.   
 
Manufacturer/model: Fronius IG60 
�  MPP range: 150 to 400 Vdc 
�  Max input voltage: 530 Vdc 
�  Nominal power output: 4.6 kWac 
�  Max power output: 5 kWac 
�  Cooling: controlled force air cooling 
�  Dimension (Ĺ W´ D): 610́ 344́ 220mm 
�  IP rating: IP54 
�  Weight: 16 kg 
�  Certifications: EN 61000-6-1, EN 61000-6-3, EN 

61000-3-2, EN 50178 

 

 
Inverters and control boxes: 

 
 

 
 

AC switch (left), Fronius IG 60 inverter (middle) and control box (right). 
 
 

iii) Mounting Structure 
 
The structural used is Kalzip 400/65 profile with Kalzip extruded ST clips type. The PV 
modules, inclined at about 5 degrees are mounted on roof clamp connectors aluminum profile 
sections. The clamp brackets are fixed into the pre-drilled assembly holes and screwed to the 
kalzip roof. The access to the mounted PV arrays is easy and this helps to facilitate the 
installation and future maintenance of the BIPV systems. 
 
This type of mounting structure provides the safest solution as this will guarantee for no water 
leakage inside the building. However, there is no saving in building material as Kalzip roof is 
still used as a secondary roof.  
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Mounting structure: 

 
Installation of the kalzip roof. 

 

 
 

 
Kalzip clamp. 
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iv) Electrical design 
 
The PV modules in the arrays were connected in series of 5 by 19 (parallel) connected to 
Fronius IG60HV inverter. The electrical schematic is shown in the next picture.  
 
The system is interconnected through indirect-feed to one of the dedicated local distribution 
board. 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. An energy meter was installed to capture the 
energy generated for the BIPV systems. It is then linked to the Building Management System 
for integrated system performance monitoring. 
 

 
Control box includes AC switch (left) and SPDs. 

 

 
Combiner boxes. 

 
DC switch (middle) and SPDs. 

 
PV kWh meter. 
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System C: 11.64 kWp 

i) Solar modules  
 
A total of 64 units each ranging from 180 to 183 Wp monocrystalline customised glass-glass 
solar modules are used to cover an area of about 121.2 m2. Additional dummy modules are 
used to cover the odd shapes especially at the edges of the area. This application demonstrates 
the real BIPV example. 
  
The technical specifications are as follows:  
Manufacturer/model:  Solarworld customised glass-glass modules  
�  Power rating: (180 to 183 Wp) 
�  Type: monocrystalline laminate glass-glass modules 
�  Dimension (Ĺ W): 1500́ 1000 mm 
�  Weight: 48 kg  
�  Certifications: IEC 61215 
�  Bypass diode: included 
 
To ensure sufficient light could penetrate the atrium area, with limited heat, the glass 
specifications required and used are as below: 
�  U value: 5.6W/m2K 
�  Light transmission: 11 to 13% 
�  Emissivity: 0.6% 
�  Thickness: 6 mm + 2 mm + 6 mm 
 
 
PV modules: 
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View from the top. 

 

ii)  Grid connected inverter  
 
The system uses two units of grid connected Fronius IG60 inverters with the technical 
specifications as stated below.   
Manufacturer/model: Fronius IG60 
�  MPP range: 150 to 400 Vdc 
�  Max input voltage: 530 Vdc 
�  Nominal power output: 4.6 kWac 
�  Max power output: 5 kWac 
�  Cooling: controlled force air cooling 
�  Dimension (Ĺ W´ D): 610́ 344́ 220mm 
�  IP rating: IP54 
�  Weight: 16 kg 
�  Certifications: EN 61000-6-1, EN 

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

 

 
Inverters and combiner boxes. 

 
Fronius IG 60 inverters. 

 
Control box (left), inverters (middle) and DC 

switches (right). 
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iii) Mounting Structure 
 
The PV modules are mounted at 5 degrees. The method is shown in Annex 2. 
 
Mounting structure: 
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iv) Electrical design 
 
The PV modules in the arrays were connected in series of 8 by 8 (parallel) connected to two 
units of Fronius IG60 inverters as shown in the electrical schematic diagram. The system is 
interconnected through indirect-feed to one of the dedicated local distribution board. 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. An energy meter was installed to capture the energy generated for 
the BIPV systems. It is then linked to the Building Management System for integrated system 
performance monitoring. 
 

 
Combiner boxes. 

 
 

Fuses and MCCB. 
 

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. In the use of screw type fuses, the 
main circuit breaker (MCCB) 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.  
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Control box (bottom left-AC switch). 

 
Note: The current transformers are not 
required. The AC switch which is inside the 
control box shall also be easily accessible for 
emergency case (if any). 

 
DC switches. 

 

 
PV kWh meter. 
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System D: 27 kWp 

i) Solar modules  
 
A total of 150 units each 180 Wp monocrystalline Sharp PV modules are used to cover an 
area of about 200 m2. Additional dummy panels made of compress cement fiber are used to 
cover the shaded areas caused by the stress bars. 
  
The technical specifications are as follows:  
Manufacturer/model:  Sharp NUSOE3E monocrystalline module  
�  Power rating: (180 Wp) 
�  Type: monocrystalline modules with frame 
�  Dimension (Ĺ WxD): 1318́ 994x46 mm 
�  Weight: 16 kg  
�  Certifications: IEC 61215 
�  Bypass diode: included 
 
 
PV modules: 

  
 Shaded areas are covered by a material called 

compress cement fiber. 

ii)  Grid connected inverter  
 
The system uses one unit of grid connected Fronius IG300 inverter with the technical 
specifications as stated below.   
 
Manufacturer/model: Fronius IG300 
�  MPP range: 210 to 420 Vdc 
�  Max input voltage: 530 Vdc 
�  Nominal power output: 24 kWac 
�  Max power output: 24 kWac 
�  Cooling: controlled force air cooling 
�  Dimension (Ĺ W´ D): 600́ 600́ 2257mm 
�  IP rating: IP54 
�  Weight: 225 kg 
�  Certifications: EN 61000-6-1, EN 61000-6-3, EN 61000-3-2, EN 50178 
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Inverters and control boxes: 

 
Fronius IG 300 inverter. 
 

 
Checking the inverter. 

 

 

 
 

iii) Mounting Structure 
 
The PV modules, inclined at about 5 degrees are mounted on a steel hot dipped galvanized 
purlin matrix. In between the PV modules, becker foam was used to ensure water tightness. 
Silicon was applied at the above and underneath of the becker foam. The application of the 
PV modules at this car park roof took a longer time than it supposed to be due to some of the 
areas catered were shaded by the stress bars. After a series of discussions (which took much 
longer than it supposed to be) between the PV service provider and the main contractor, the 
M&E consultants with the assistance of the MBIPV team, then decided areas which are 
shaded should be avoided and therefore the areas to put the PV modules should be extended 
to cover the loss of areas. The stress bars were also shorten to ensure that the last row is free 
from it (loading was checked and confirmed by the C&S consultant).  
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Arguments were also held between the PV Service Provider and the consultants as to discuss 
on whose responsibility to cover the shaded areas which is then to be replaced by a dummy 
material. After a few deliberations, the PV Service Provider and consultants then came into 
agreement that PV Service Providers and MBIPV project (its courtesy) will together borne the 
additional dummy material cost. 
 
An optimum laying out of PV modules including wiring and trunking were then finalized to 
ensure an optimum PV output as shown in the below diagram. 
 
 

 
 
Mounting structure: 
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iv) Electrical design 
 
The PV modules in the arrays were connected in series of 15 by 10 (parallel) connected to 
Fronius IG300 inverter as shown in the electrical schematic diagram. The system is 
interconnected through indirect-feed to one of the dedicated local distribution board. The 
electrical system installation was conducted by a certified electrician based on the Malaysian 
Standard: MS 1837:2005. However, the SPDs connection installed are according to the 
manufacturer’s recommendation (Leutron) as shown in the next diagram.  
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The system installation and commissioning was supervised by the MBIPV technical expert. 
An energy meter was installed to capture the energy generated for the BIPV systems. It is then 
linked to the Building Management System for integrated system performance monitoring. 
 
 

 
Combiner boxes are located near to the PV modules. 

 

 
DC and AC switches (left ) and inverter. 
 

 
Combiner boxes. 

 
DC and AC switches. 

 
PV kWh meter. 
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AC control box. 

 

 
 

6.  Highlights and lessons learned 
 
Some of the highlights of this project are summarized as follows: 
 
i. Quality of installation 
 
Electrical aspect: 
 
It is observed that the electrical installation of all systems is in good quality and has improved 
after some comments made by the MBIPV international consultant based on his international 
experience. Improvements were made accordingly and complied to the MS1837. 
 
 
Mechanical aspect: 
 
System A:  
System A satisfied the functional requirement for water flow. Since this roof will also serve as 
a cooling tower at night; it is required to have a smooth and flushed surface. Therefore, this 
solution was found to be substantiating with the requirement. In addition, it is proven to be 
water proof as tested by TUV PSB Corporation Pte Ltd. However, after 8 months, it was 
found that the sealant used (3M PU540) cannot withstand UV and therefore became hardened 
and leakage was found at several spots.  
 
While the consultants had highlighted the temperature tolerance of the sealant (3M PU540), 
the 3M manufacturer has agreed to provide a warranty of 10 years for water proofing of the 
sealant. However, it has been proven that the sealant is not suitable for this application and an 
alternative solution, is recommended by the manufacturer at their cost. This time, the 
manufacturer proposed sealant Dow Corning 791, with temperature tolerance ranging from -
50 to 150 degrees Celsius. Dow Corning is widely used in Malaysia and it has been proven to 
work under this climate condition provided the sealant is reapplied between 5 to 10 years.  
 
Without any mechanical leaking preventive measure, there could be potential leaking in the 
future. Thus, additional sealant is applied beneath the PV module that is not exposed to UV. 
The solution is aesthetically pleasing but potential leakage could happen. Therefore, there is a 
need to constantly monitor the condition of the sealant from possible leakage.  
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Under the BIPV roof, the space is used to house all the inverters (inclusive of electrical 
junction/ combiner boxes) for the grid-connected PV systems. These equipments have 
permanent covers as an additional safety measure to protect them from leakage from the PV 
roof. 
 
Note: Package A system is also acting as a cooling tower where chilled water is running 
through at night for cooling. 
 
 
System B: 
There is an additional layer roof which is Kalzip roof and therefore, water tightness is not an 
issue. The solution is acceptable and practical since it addresses maintenance or replacement 
of broken modules (if any) very easily. However, the solution is slightly more expensive as 
additional material (Kalzip roof) is used as secondary roof, or no benefit from material saving 
for roof. 
 
 
System C: 
The solution was provided by the contractor. Even though a proven method from Schuco 
International/ Scheuten International is available, NSC had chosen to use their own solution. 
As a result, the solution was found not practical as water could be collected (ponding) and 
causes soiling. Initially, the installation works was not supervised properly and hence, roof 
leaked immediately. It took the contractor about 6 months to resolve leakage issue where they 
finally hired a sealant expert to reapply and seal the gap.  
 
Similar to System A, there is a possibility for future leak and therefore, there is a need to 
constantly monitor the condition of the sealant from possible leakage. Whereas, the ponding 
issue remain unchanged as the contractor did not consider smooth water flow as normally 
applied in façade/ atrium cladding.  
 
 
System D: 
The mounting system is acceptable and provides a good showcase for PV on a carpark. No 
secondary layer was necessary as the system is an external non-building structure. Therefore, 
leaking is not a main concern.  
 
 
In summary, a very important lesson learned is to design the BIPV system with good 
functionality and practicality, considering the local capabilities and climate conditions. The 
BIPV systems here were designed using new integration concepts, which have never been 
tested for long-term and further not addressing maintenance. It is also important to keep 
simple, use standard installation, address sound O&M and design for long-term use. The 
building owner must treat BIPV systems as another part of mechanical and electrical (M&E) 
facility which requires regular maintenance just like any other M&E facilities. Maintenance 
budget shall also be allocated for maintenance of BIPV systems including cleaning of the PV 
modules and checking on electrical cabling/wiring on regular basis. 
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ii. Possible system improvements 
 
The products chosen so far are of good to high quality. However, it is recommended to only 
use Aluminium (anodized), stainless steel and high quality galvanized steel for the mounting 
structures. Galvanized steel may work under the local climate providing it is of high quality 
and using best workmanship for the construction. To apply high quality galvanized steel, a 
good quality assurance program needs to be in place and controlled by M&E consultant, 
otherwise contractors will always try to optimize. 
 
On electrical component, it is recommended to only use DC rated fuses in the DC combiner 
box. Besides, to only use fixed fuse holders (see below picture) instead of screw type holders 
since screw type holders are for AC side and not DC. It is very important to apply only DC 
rated breakers on the DC side and to ensure correct current and open voltage rating. 
 
 

 
Fixed fuse holders. 

 
Screw type fuses. 

 
 
iii. Impact of the BIPV systems 
 
BIPV systems installed complement the energy efficiency concepts of the whole building. 
Since the migration of the office in October 2007, PTM has been receiving an average of 80 
to 90 visitors per month from educational background, professional and private sectors. Under 
the MBIPV project itself, PTM through its BIPV systems has been receiving wide publicity 
from local and international media. 
 
As a showcase project, it is expected that the BIPV systems serve as a good reference case for 
spinning of BIPV projects in Malaysia. 
 
 
iv. Project implementation 
 
The MBIPV team acted as the project manager for the BIPV systems of the PTM ZEO 
building. From the concept, design, implementation up to commissioning, the MBIPV team 
has been fully involved in terms of advising and monitoring the progress projects. In addition, 
many consultants from architectural, M&E and C&S engineers were able to learn and 
experience the implementation of the grid connected PV projects. The positive part from this 
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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.  
 
 
7.  Grid-connection and licensing 
 
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 MSB room to record the 
energy generated and located side by side with the TNB meter for ease of billing. 
 
Currently in Malaysia, interconnection to the grid is on net-metering basis. The net-metering 
for billing in this case 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 electricity generated by the PV system. At the moment, the tariff 
imposed is as per the tariff purchased which is RM0.323 per kWh (Tariff B-Low Voltage 
Commercial). 
 
Application for licensing from the Energy Commission has been approved and PTM is 
required to pay RM1.50 per kW installed on annual basis (RM1.50 x 92kWp = RM138). 
However, for installation less than 72 kW, the fee will be waived. 
 

 
TNB import export meter (left) and PV 

summation meter (right).  
PV summation meter for all systems. 

 
 

8.  Monitoring and performance 
 
An integrated PV monitoring of all BIPV systems was well equipped (with the courtesy of 
System A PV Service Provider as an in kind contribution) using the Fronius standard 
monitoring system. This was planned from the very beginning and that is one of the reason of 
all inverters to be used shall be of Fronius type for its compatibility. 
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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/). 
 
Based on an evaluation by an international consultant who is an expert in system monitoring 
and performance, Mr Mats Andersson during his term from 14th January to 29th February 
2008, he summarised the performance for each of the system as below: 
 
System A1: 45.36 kWp 
The system is performing well, with an energy production according to the expected values.  

 

System A2: 1.92 kWp 
The system is performing very well, with an energy production according to the expected 
values. As for System A1, assuming a corrected irradiation, the PR for the same period 
(January 15 - February 20) is 0.79. 

 

kWh produced by System A (16 Jan to 28 Feb 08)
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System B: 
The performance is excellent, indicating a PR of 0.93 – as earlier multiplying the measured 
irradiation with a factor 1.14. This value is too high to be realistic and one explanation could 
be that the actual power of the array today is higher than when the modules where tested at 
the production plant (flash test). There can also be a spectral distribution effect from using a 
crystalline silicon cell as reference during testing. However, it is a highlighted fact that thin-
film modules (a-Si) have very good performance in hot climates as the Staebler-Wronski 
effect gets “healed” at high cell temperatures. A further investigation in the performance of 
System B is therefore recommended. 

 

Contract target of 146 kWh/day 
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kWh produced by System B (16 jan to 29 Feb 08)

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

1/
16

/2
00

8

1/
18

/2
00

8

1/
20

/2
00

8

1/
22

/2
00

8

1/
24

/2
00

8

1/
26

/2
00

8

1/
28

/2
00

8

1/
30

/2
00

8

2/
1/

20
08

2/
3/

20
08

2/
5/

20
08

2/
7/

20
08

2/
9/

20
08

2/
11

/2
00

8

2/
13

/2
00

8

2/
15

/2
00

8

2/
17

/2
00

8

2/
19

/2
00

8

2/
21

/2
00

8

2/
23

/2
00

8

2/
25

/2
00

8

2/
27

/2
00

8

kW
h/

da
y

 
 
 
System C: 
The performance is much lower than expected. The 64 modules are divided into two arrays, 
each array with its own inverter - C1 and C2. When comparing the two subsystems, the 
performance is very similar indicating that it is unlikely that something in the module wiring 
is wrong (unlikely that a similar error would occur in both arrays!).  When checking the string 
currents in the two array junction boxes it is confirmed that all 8 strings (4 strings in each 
subsystem) are working.  

However, the value for the measured DC string currents is much lower than expected – when 
comparing with the test protocols for the modules. The measurement and the recorded 
datalogger values indicate 20% lower currents than expected. This 20 % is directly related to 
a 20 % reduction in the DC-power, and finally a similar reduction in the AC-power. On the 
AC-side this reduction will have an even larger effect as the lower DC-power at low 
irradiance levels will make the inverter to operate on even lower part-load, which is reducing 
the efficiency. 

The heavy soiling can partly explain the low string currents but it cannot be the only reason 
for this low performance. The performance ratio is as low as 54 % for the period (January 
15 to February 20) and with the corrected irradiation. 

 
 

Contract target of 19 kWh/day 
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kWh produced by System C (16 Jan to 29 Feb 08)
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System D: 
The performance during the period was low the first few days (from 15 to 18 January) due to 
a problem in three of the power modules in the inverter. The inverter is a similar Fronius type 
as in System A1 and consists of several power modules, working in a master-slave mode. 
After this was repaired the performance ratio has an average of 0.70. This is a good value, in 
particular as the system has one string out of 10 disconnected. With all strings working the PR 
would reach 78 %.  

 

Note: The disconnection of 1 of the string was due to a wiring problem and was rectified on 
28thApril 2008. The error stated at the inverter is State 502 – problem occurred either the 
positive or negative was touching the ground from the Combiner Box (located at the first 
floor roof) to the inverter. 

 

Contract target of 32 kWh/day 
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kWh produced by System D (16 Jan to 29 Feb 08)
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The actual energy output produced by all systems are summarised in the next table. The 
information is available and collected from the integrated Fronius PV monitoring system of 
all systems (data presented is from 15 Jan to 28 Feb 2008). 
 
 
Comparison of expected and actual energy output. 
The contract targets and installed capacity together with its energy yield for the BIPV systems 
are as follows: 
 
System  Expected kWh/day 

(contract) 

Actual kWh 
produced 

(ave 15/1/08 to 
28/2/08) 

Actual kWh produced 

(ave 1/308 to 31/3/08) 

% difference from  
actual than expected 

A 146 151 149.5 3.4 % 
B 19.3 25.7 25 33 % 

C 32.8 28.7 n/a due to failure on one of 
the inverter. 

-12.5 % 

D 82 84.8 84.6 3.4 % 
Total 280 kWh/day 293 kWh/day n/a 4.64 % 

 
From the above table, it shows that in overall, the BIPV systems are performing well and 
meeting the target. Continuous monitoring shall be conducted by the PV monitoring centre 
and PTM to ensure all systems are working as expected. The expected and actual energy 
generated is shown in the next chart. 

Contract target of 82 kWh/day 
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Daily kWh produced (expected vs actual) 
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9.  Maintenance and ownership 
 
The BIPV systems were officially handed over from Putra Perdana Construction S/B to the 
building owner on 24th October 2007 with 24 months defect liability period. With the transfer 
of ownership, Pusat Tenaga Malaysia is expected to fully maintain the BIPV systems. The 
initiative and commitment in this aspect is important to ensure that the BIPV systems are well 
taken care of.  
 
MBIPV team, on the other hand will oversee the systems performance and advise the building 
owner wherever necessary. It is highly recommended that PTM’s own maintenance team is 
formed and properly trained to ensure that they understand how the BIPV systems are 
functioning and to monitor the performance to meet the target. 
 
As Malaysia is located near to the equator with heavy rainfalls, the modules need no regular 
cleaning except when there is a construction nearby where potential dust could be 
accumulated on the PV modules which would affect the energy output produced. However, 
exceptional and more attention should be given to System C where regular cleaning is 
required as the mounting method applied could always accumulate dust and form soil. A 
regular check on cable and water tightness is recommended for every 6 months. Once a year, 
all systems should be checked electrically to ensure no unusual dearating of system 
performance.  
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Annex 1: A performance test for the mounting structure method against water leakage. 
 
 
 

       
 Ministry of Energy, Water and Communications 

 
 
 
 
 
 

BRIEF TRIP REPORT 
 

Performance Testing and PV Roof 
Mounting System Evaluation for Package 

A PTM ZEO Project 
 

26 July 2006 

 
 
 
 
Component: 2, Sub activity 2.3 
Prepared by: Azah Ahmad, Vincent Tan 
Date: 31/07/06 
Status: Final 
Subject: Brief trip report on performance testing and PV roof mounting system 

evaluation for Package A: PTM ZEO project. 
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Team members:  
Y.S. Lee  Architect, Ruslan Khalid Associates 
S.B. Sim  M&E Consultant, Five H Associates 
Zainal Azhar Zainudin Main Contractor, Putra Perdana Construction Sdn Bhd 
Vincent Tan   Technical Adviser, C2 

         Azah Ahmad  Senior Officer, C2 
 
 

Project Name/Package 
 
PTM ZEO BIPV system for Package ‘A’ 
 
 
PV Supplier/Service Provider  
 
Mitsubishi Electric Pte. Ltd, Singapore 
Eco Gallery (M) Sdn Bhd 
 
 
Objectives of the Trip 
 
i. To witness the test for water penetration of PV laminate roof by uniform static air pressure 

difference. 
ii. To understand and discuss the proposed mounting method for PV laminate roof. 
iii.  To visit 3M factory and discuss on the technical aspects of 3M tape and PU sealant to be 

used for this project. 
 
 
Trip Itinerary/ Highlights of Meeting   
 

              Meeting  highlights 
 
 
Itinerary 

Venue Activities implemented 
 

Remarks/ 
follow up action 

1) Group briefing 
: 9.30a.m to 9.45 a.m 

Grenzone Pte Ltd 
(sister company to 
Eco-gallery (M) 
Sdn Bhd) 
 

Agenda for the day. N/A 

2) Testing of water 
penetration for PV roof 
and discussion 
: 10.00 a.m to 11a.m 
 

PSB Corporation - Witnessed water penetration 
test (in accordance to ASTM 
331) by Mr. Ong Khay Beng 
and David Lee. 

- Testing conditions:  
i. 230Pa, 15 minutes 

spraygate at 3.4 l/min/m2, 
total test area is 9 panels.  

ii.  Additional: 360 Pa for 15 
minutes. 

- Results: the testing passed in 
both conditions and accepted by 
the team. 

- Discussion on the test method 
and results.  

 

N/A 

3) Presentation  and group 
discussion for the 

Grenzone Pte Ltd 
 

- Presentation by Mr. Teo Kian 
Lip - Mock up on mounting 

Contractor to 
submit reasons 
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              Meeting  highlights 
 
 
Itinerary 

Venue Activities implemented 
 

Remarks/ 
follow up action 

proposed mounting 
method for PV roof 
: 12.15 p.m to 1.15 p.m. 
 

using the specified VHB tape 
and PU sealant. 

- Conducted 6 days (15-23 may 
06) testing to check on the PV 
module temperature to ensure 
that PU sealant type is suitable 
within the range. 

- The mounting method proposed 
is frameless- to avoid soiling (7 
degrees tilted). The application 
of tapes and PU sealant will be 
conducted with the advice from 
the 3M specialist. 

 

including pro 
and cons for this 
proposed method 
 
-frameless as 
compared to the 
initial method 
(with frame). 

4) 3M factory visit and 
discussion 
: 3.15 p.m to 4.45 p.m. 

3 M Technologies 
(S) P/L 

- Presentation on VHB ‘very high 
bond’ tape applications and 
references. 

- 3M 4991 is recommended due 
to its thickness as this is to 
compensate the difference 
thickness of the two surfaces. 

- PU 540 is recommended due to 
its higher heat resistance. 
Product was tested for 
temperature, UV, etc.  

- The difference on EPDM, 
silicon and PU was also 
discussed.  

- Notes:  
�  EPDM ‘Ethelyne 

Propolene Diene 
Monomer’ is a synthetic 
rubber, classified as a 
thermoset material which 
means it is either fully-
cured prior to being 
installed or that it cures 
during natural weathering 
after installation. It is 
used in automotive 
weather-stripping and 
seals, garden and 
appliance hose, tubing, 
washers, electrical 
insulation, roofing 
membrane, etc. 

�  Silicon is normally used 
for fire barriers, not 
suitable to be used for 
different surfaces. 

�  PU ‘Polyurethane’ which 
form permanently elastic 
bonds. Bond to a wide 
variety of materials 
including plastics, steel, 
coated metal, wood, etc. 

 

Contractor to 
submit reference 
letter from 3M 
manufacturer. 
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Remarks/Observations 
 
i. In general, the testing for water penetration (in accordance to ASTM 331) as per the 

required testing method (Please refer Attachment ii for testing method) passed the 
requirements and was accepted by the group. 

 
ii. 3M has provided the followings information during the visit and presentation to support 

the suitability of using their sealant products (PU sealant and VHB tape): 
a. various tests (temp, UV, etc) carried out and passed for these products. 
b. track record for some of the projects using these products: 

�  Temasek Tower (Singapore) as curtain wall since 1985. 
�  Iguatemic Corp building (Brazil) for facade panels, lasted around 25 years 

now. 
�  Dubai Tower for façade panels since 2005. 

c. double protection for water leakage using both PU sealant and VHB tapes (please 
refer Attachments iii and iv). 

 
In general, the group is pretty convinced with the quality and suitability of these products 
for this application. However, concern is for the actual lifespan of these materials under 
the site conditions for this project. 
 

iii.  MBIPV presented to the Package ‘A’ PV service provider the Aluminum and stainless 
steel mounting structure systems implemented in other projects. MBIPV requested PV 
service provider to also study this design concept and propose as appropriate.  

 
iv. Other suggested areas to look into include: 

a. quality of hot dip galvanizing coating for the main PV roof support structure. 
b. tidiness of the cabling arrangement. 

 
v. Other team members of the trip are requested to also submit their comments and 

recommendation.  
 
 M&E comments: 

·  All welded joints must be properly treated according to Engineer’s requirements. 
 
·  All cables laying must be provided with brackets for proper installation. No suspended 

or looping are allowed. 
 
 

Architect comments:  
·  The test carried out in accordance with ASTM Standard E 331-00 on nine (9) pieces of 

PV modules with 3M VHB tapes securing the modules to the steel structure and 3M 
PU Adhesive sealant 540 between the gaps of the modules, is in opinion satisfactory. 

 
·  No leaks were visible throughout the test. Special attention was focus on the joints and 

edges and again no leaks were visible. 
 

·  The installation of the VHB tapes and PU sealant must be executed under strict 
supervision. The surfaces receiving the VHB tapes must be thoroughly cleaned. 

 
·  The 3M PU Adhesive Sealant comes in three (3) different colours, white, black and 

grey. The preferred colour is grey. 
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·  Notwithstanding the above, 3M are not able to provide confirmation or guarantee on 

the life span of their products. 
 
 
Recommendations 
 
i. If the 3 M sealant method is accepted by the project technical evaluation committee, it is 

recommended to obtain certain written commitment document from 3M or the PV 
supplier/service provider for quality lifespan assurance of these products besides the 
warranty for water leakage. Qualified personnel from 3 M should be present during the 
PV roof installation to supervise the site work to ensure quality work is achieved.  

 
ii. Prompt decision is to be made by the project evaluation committee to enable work 

progress as per project schedule. 
    
 
Attachments  
 
i. Relevant photographs. 
ii. Report for Standard test method for water penetration of exterior windows, skylights, 

doors and curtain walls by uniform static air pressure difference.  
iii.  Technical specification for 3M PU sealants and VHB tapes. 
iv. Detail method of mounting PV laminates to support structures using 3M sealants. 
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Water penetration testing at TUV PSB Corporation Pte Ltd. 
 
 

 
 
 

 

  
 
 

 

  
  
  

 
 

 
 
 
 
 
 



Milestone report showcase project: BIPV Systems at PTM ZEO Building, Bandar Baru Bangi, Malaysia    
 
 

Page 42 of 48 

Discussion at Grenzone Pte Ltd                
 

  
 
 

 

  
3 M VHB tape 4991 
 
 

3M PU sealant 540 

 

 
 

 

3M PU sealant (3 different colors-grey, 
white and black). 

 

                                                                                                                                                                                                                                                                                                                             
  
 

Low quality sealant 
type (shrink) 
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Annex 2: Mounting method for System C. 
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Annex 3: Electrical schematic of all systems. 
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