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1. General information

Name of the project . '4.4 KWp BIPV System at Sek Men (P) Sri Aman, Petaling Jaya
Location . Jalan 14/49, Petaling Jaya, Maaysia

Project type : Building Integrated PV (BIPV)

Peak power installed 1 4.4 kWp

Start of operation : 6" March 2008

2. Added value

The installation of 4.4 kWp BIPV system at SMK (P) Sri Aman, Petaling Jaya was selected
after a series of evaluation to ensure that the BIPV system will give the most impact to the
school and its neighbourhood. The selection of the school involved a representative from JKR
(Ms Lee Bee Chew). Besides, the school itself (which is selected as one of the ‘excellent
cluster school’ in Malaysia) is actively involved in preserving the environment including rain
water harvesting and making organic compost out of canteen wastes and leaves from the
school grounds.

3. Economic issues

This BIPV project received 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 Nasiona
Berhad (TNB) on net-metering basis.

The system price for this 4.4 kWp system is shown in Table 1 below.

Table 1. BIPV system price (in Malaysian Ringgit).

Item Qty Total price (RM) % RM/Wp

PV modules (Kyocera 22 units 68,640 62.5 15.6

KC200GHT-2)

Inverter Solarmax 4200C 1 unit 11,445 10.4 2.6

M ounting structures 1lot 21,216 19.3 4.82

Electrical, design and others 1lot 8,565 7.8 1.95
System price (4.4 kWp) 109,866 100 -

Price per kWp system 24,969 - -

Additional monitoring system including datalogger equipped with irradiance and module
temperature sensor: RM 11,074.
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The economic analysis of the main BIPV system (RM/Wp) is shown in the next graph.

RM/Wp for main components

-.I

PV Inverter Sructura Electrical

4. Architecture

The PV modules were integrated and highly visible from the field and to the nearby
neighbourhood who passes through the main road. It was installed by Laurenz Leistung Sdn
Bhd, alisted PV Service Provider selected through open tender basis.

Before installation. After instalation.
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The PV modulesis highly visible from the SMK (P) Sri Aman is selected as one of the ‘ Smart
school field. and Excellent Cluster School’ in Malaysia.
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5. Energy calculations

The expected electricity production is calculated as follows:

Total number of PV modulesinstalled 22 units each 200 Wp
Total PV capacity installed 4.4 kWp

Expected annual energy yield 5,018 kWh/year
Expected daily energy production 13.7 kWh/day
Specific energy yield 1,140 kWh/kWplyear

Please refer to Annex 1 for detail calculation.

6. Solar modules and inverter

i) PV modules

A total of 22 units each 200 Wp polycrystalline solar modules are used to cover an area of
about 32 m%.

The technical specifications are as follows:

Manufacturer/model: Kyocera KC200GHT-2 (200 Wp)-standard
Power rating: 200 Wp
Type: polycrystalline-standard
Dimension (L” W* D): 1425 990" 36 mm
Weight: 18.5 kg
Certifications. |IEC 61215
Bypass diode: included

PV modules.

F ]

22 units of PV modules of Kyocera 200GHT-2.

<
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ii) Grid connected inverter
The system uses one unit 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 (L” W* D): 554" 260" 190mm
IPrating: 1P54
Weight: 16.3 kg
Certifications. EN 61000-6-1, EN 61000-6-3, EN 61000-3-2, EN 50178

Inverter and control boxes.

Solarmax 4200C inverter.

DC/AC combiner box, PV meter and inverter
are located in the riser room at ground floor.

PV meter. SPDs and MCCBs.
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7. Mounting Structure

The PV modules, inclined at about 20 degrees are mounted on customized stainless steel
structures. The design of the structures particularly addresses water tightness and ease of PV
modules installation. The installation of the PV modules was very fast and tidy, took about
two days only including removing the roof tiles, installation and assembly of structures. As at
this report is written, there was no leaking found.

Mounting structure.
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8. Electrical design

The PV modules in the arrays were connected in series of 11 by 2 (parallel) in order to
achieve a nomina system voltage and appropriate amount of current. The system is
interconnected through direct-feed to the local utility, TNB’s grid. The interconnection was
done on 6™ March 2008 by TNB technician. A kWh meter is also installed to capture the
energy generated from the BIPV system.

The electrica system installation was conducted by a certified electrician based on the
Malaysian Standard: MS 1837:2005. The system installation and commissioning was
conducted on the same day of interconnection and supervised by the MBIPV team.

The electrical schematic diagram is shown below.

9. Grid-connection

Output of the inverter was fed back to the local utility TNB distribution’s grid via direct feed.
An AC kWh meter was installed to monitor the PV energy generated and the meter was
located near to the TNB supply meter at the customer’s incoming supply point. The
interconnection was done during the testing and commissioning activity on 6™ March 2008
and witnessed by the TNB district officers.

Currently in Malaysia, interconnection to the grid is only limited to net-metering basis. The
net-metering (also the net customer consumption) in this case is the difference between the
electricity supplied to the customer through the TNB meter measurement and the e ectricity
recorded by the PV meter.
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10. Monitoring

The BIPV system is equipped with monitoring system which includes datalogger (M axweb)
together with irradiance and module temperature sensor.

UiTM which was appointed by the MBIPV Project on April 2007 as the PV monitoring centre
(PYMC) 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/). However, at this
point of reporting, the monitoring of the performance has not started yet.

Sensor box (above) and datalogger (bottom).  Sensor box (above compartment) and
maxweb-datal ogger (bottom compartment).

Max meteo - the irradiance and the module
temperature sensor.

11. System ownership and maintenance

The owner (school and Public Works Department (JKR)), shall assume ownership and
responsibility of the system. A forma meeting between the school, KR, Ministry of
Education (MoE) and Ministry of Energy, Water and Communications (MEWC) was
conducted on 4™ April 2008 to brief and hand over the system to the owner. It was also
planned during the meeting that an official launching to be carried out by the MEWC Minister
in June 2008.
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In addition, the Parent Teachers Association which is actively involved in the school curricula
activities would also contribute in the educating and awareness of the BIPV systems to the
students. Mathematics and Science Head and Project Coordinator which is headed by Ms
Y eap Kooi Ngoh (actively involved in the project) will be the main group in maintaining and
disseminating information about 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. Highlightsand 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 isafunctional solution meeting both the safety and load requirements.

ii. Project inception up to commissioning

The JKR team has been very supportive in selecting a suitable school for the BIPV showcase
project in school. Visits were conducted to at least 13 schoolsin Klang Valley before deciding
SMK (P) Sri Aman for this project. Reasons for the selection of this school are among others,
school involvement in preserving the environment, promotion and awareness activities to the
school students, Parents and Teachers Association support and impact to the surrounding
neighbourhood.

iii. Impact of the BIPV system to the school

It is expected that the school would make full use of the BIPV system including educating the
students wherever possible. The reason being, this project shall be a good reference case for
replication of BIPV system application at other schoolsin Maaysia. It is also hoped that JKR
and MoE would be able to make this school as a reference and replicate wherever possible in
its new government projects by incorporating BIPV feature in their design.

At this time of reporting, the school through its Maths and Science Club is also active in
promoting the BIPV system by holding an essay and poster competitions to its students.
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Annex 1: Calculation of expected annual energy yield of the system.

Array israted at 4.4 kWp

Inverter efficiency: Solarmax 4200C 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%

Paray =Pasc  fom ~ ftemp " fain
Pa_stc = 4.4 kWp
fom = 0.95 (5%)
fdirt =0.97 (3%)
ftenp =1 = (g . (Tce”eff - Tstc)) (g'stakm 3504%), (Tcdl-e"f = Ta_day + 250 C)
=1-(0.4/100 x ((35 + 25) -25))
=0.86
Paray =Pasc  fom ~ ftemp " fain
=4.4x0.95x0.86 x 0.97
=3.4kWp
Epv = Paray X Hhuiit
Paray = 3.4KWp
Hirt = 1,546 KWh/m? (Meteonorm: Irradiance at PJ, tilted at 15 degrees)
Epv = Paray X Hhuitt
=4.3x 1,546
= 5,390 kWh per annum
hpvss = hpv-inv X Hiny
Apinv = 98% (2% voltage drop)
hinv = 95%
hpvss = hpv—invx Hinw
= 98% x 95%
=93.1%
Erea =Epn X hpvss
=5,390x 0.931
= 5,018 kWh per annum
= 13.7 kWh per day
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