











Appendix A.1
ZERO ENERGY BUILDING @ BCA ACADEMY

The Solar Photovoltaic System installed at BCA Academy's Zero-Energy
Building (ZEB) consists of 12 systems with six systems connected to grid and
six standalone systems. Featuring different types of Solar PV technology and
mounting techniques, the ZEB @ BCA Academy’s Solar PV system is designed
to achieve zero-energy and for advance academic research on various PV
performances.

Figure A.1.1. Building exterior Figure A.1.2. PV array view (PV Sunshade)

Figure A.1.3. PV array view (PV Main Roof) Figure A.1.4. PV ?:rraydvi)ew (PV Staircase
acade




Appendix

A.2 POH ERN SHIH (TEMPLE OF THANKSGIVING)

Building name

Owner

Location

Building type
Completion

Working groups

e Project architects

e Structural engineers
e MA&E engineers

e Quantity surveyor

e Contractors

e PV design

* PV manufacturer
Type of PV integration
Type of PV cell technology

PV area (m?)

PV system peak power (kWp)
Estimated energy output (kWh / yr)
PV Yield (kWh / kWp / year)

Photographs and information
courtesy of

POH ERN SHIH (Temple of Thanksgiving)
POH ERN SHIH

9 Chwee Chian Road, Singapore 117488
Religious

2006 (Phase )

Lee Coo Consultant Associates

KTP Consultants Pte Ltd

Squire Mech Pte Ltd

WT Partnership International Limited
Wee Hur Construction Pte Ltd
Grenzone Pte Ltd

Uni-Solar, Sharp, Mitsubishi
Standing Mounting Structure

Amorphous Monocrystalline Polycrystalline
silicon silicon silicon
36.1 39.2 84.7
2.232 5.250 11.340
2,566 6,036 13,038
1,150 1,150 1,150

Grenzone Pte Ltd




Appendix A.2
POH ERN SHIH (TEMPLE OF THANKSGIVING)

Figure A.2.1. Building exterior Figure A.2.2. Building interior

The PV arrays are mounted on the rooftop with standing mounting structure,
allowing sufficient ventilation to improve PV performance. About 25% of
electrical power demand in the building are supplied by the solar PV system.

Figure A.2.3. PV array view Figure A.2.4. PV array view
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A.3 313 SOMERSET CENTRAL

Building name : 313 SOMERSET CENTRAL

Owner :  Lend Lease Retail Investment 1 Pte Ltd
Location ;313 Orchard Road, Singapore 238895
Building type . Shopping Mall

Completion . 2009

Working groups

* Project architects . Aedas Pte Ltd

e Structural engineers : Meinhardt Infrastructure Pte Ltd

¢ MA&E engineers . Bescon Consulting Engineers Pte Ltd

¢ Quantity surveyor . WT Partnership Pte Ltd

e Contractors : Bovis Lend Lease Pte Ltd

e PV design . Grenzone Pte Ltd

e PV manufacturer . Various (4 manufacturers)

Type of PV integration . on Trellis and Metal Roof

Type of PV cell technology . Monocrystalline, Polycrystalline, Micromorph
PV area (m?) . B87

PV system peak power (kWp) . 76

Estimated energy output (kWh /year) : 87,381
PV Yield (kWh / kWp / year) . 1,150

Photographs and information
courtesy of . Bovis Lend Lease




Appendix A.3
313 SOMERSET CENTRAL

313 Somerset Central is centrally located in the heart of Singapore's famous
Orchard Road. The solar photovoltaic system consists of four PV arrays, with
a main PV array of 60 kWp mounted on the trellis, and three smaller arrays
featuring monocrystalline, polycrystalline and micromorph solar modules that
are accessible by visitors.

Figure A.3.1. Building exterior

Architect’s Impression of Somerset Central viewed from Orchard Road

Figure A.3.2. Building exterior
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A.4 SENTOSA COVE

Building name
Owner

Location

Building type
Completion

Working groups

* Project architects
¢ M&E consultant
e PV design

® Main contractors

¢ Roofing contractor

PV manufacturer

Type of PV integration

Type of PV cell technology

PV area (m?)

PV system peak power (k\Wp)
Estimated energy output kWh / yr)
PV Yield (kWh / kWp / yr)

Photographs and information
courtesy of

Private

Private

Sentosa Cove, Singapore
Two-storey bungalow with basement

July 2008

Guz Architects

Herizal Fitri Pte Ltd
Phoenix Solar Pte Ltd
Sunho Construction Pte Ltd
Sheet Metal International

Uni-Solar

Glued onto approved Fazonal metal roof

Flexible amorphous silicon
92

5.712

7,100

1,250

Phoenix Solar Pte Ltd,

Guz Architects, and Sheet Metal International




Appendix A.4
SENTOSA COVE

This striking house stands out for its open layout, capped with twin curved roofs. The rear
roof has a turf lawn to keep it cool, while the front roof generates electricity with flexible
solar laminates, bonded unobtrusively on top. This configuration meets Sentosa Resort
Management's strict guidelines for roof aesthetics, which do not generally permit bare
metal roofs on bungalow developments.

Thanks to the laminates’ light weight (less than 4kg/m?), the roof can make do with a
lighter and lower substructure cost than if it had to carry conventional clay tiles.

Figure A.4.1.
Twin curved roofs,
green grass and PV

Figure A.4.2.
Lightweight, flexible
- laminates follow the
curved roof

Figure A.4.3.
Testing the Uni-Solar
laminates during

installation
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A5 MARINA BARRAGE

Building name
Owner
Location
Building type
Completion
Working groups

e Project architects

Structural engineers

PV design

Building services

e Contractors

e PV manufacturer

Marina Barrage

PUB, Singapore’s national water agency
Singapore

Flood Control

2008

Architects Team 3 Pte Ltd

Koh Brothers Building & Civil Engineering
Contractor (Pte) Ltd

Renewpowers Technologies Pte Ltd
Cegelec Pte Ltd

Koh Brothers Building & Civil Engineering
Contractor (Pte) Ltd

SolarWorld Asia Pacific Pte Ltd

Type of PV integration Roof Top

Type of PV cell technology Monocrystalline silicon
PV area (m?) : 1200

PV system peak power (k\Wp) .70

Estimated energy output (kWh /yr) : 76,650

PV Yield (kwh / kWp/ yr) : 1,095

Photographs and information
courtesy of . PUB, Singapore’s national water agency




Appendix A.5
MARINA BARRAGE

Marina Barrage spans the mouth of the Marina Channel, creating Singapore's 15th
reservoir, and its first in the city.

The barrage creates a freshwater lake to boost Singapore’s water supply, acts as a tidal
barrier to prevent flooding in low-lying city areas, and keeps the water level consistent,
offering a venue for water-based activities in the heart of the city.

But more than an engineering showpiece, the barrage exemplifies the national water
agency’'s commitment towards environmental and water sustainability.

One of Singapore’s largest commissioned solar PV system at a single site to date, Marina
Barrage’s solar park houses one of the largest collection of solar panels — 405 panels in
all — currently in operation in Singapore. Its 70kWp DC grid-tied solar PV system is the
first to be employed on such a large scale locally, and it comes with aesthetically arranged
solar panels (panels are arranged in nine arrays of 15 by three panels) on the barrage's
green roof.

The solar panels generate
50% of utility grade electricity
for lighting and general
power in the visitor centre,
control room and offices. The
environmentally-friendly grid-
tied solar PV system does
not require batteries, hence
eliminating the costs for
battery replacement.

— s

Figure A.5.1. Aerial view of
Marina Barrage

Figure A.5.2. Marina Barrage Solar Park
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A.6 LONZA BIOLOGICS

Building name
Owner

Location

Building type
Completion
Working groups

¢ Project architects
e MA&E engineers
e PV design

e (Contractors

e PV manufacturer

Type of PV integration

Type of PV cell technology

PV area (m?)

PV system peak power (k\Wp)
Estimated energy output (kWh/yr)
PV Yield (kwWh/kWp/yr)

Photographs and information
courtesy of

LBXS2

Lonza Biologics Tuas Pte Ltd
Tuas, Singapore

Biotech factory and laboratory

May 2009

RSP Architects Planners & Engineers Pte Ltd
Jacobs Engineering Singapore Pte Ltd
Phoenix Solar Pte Ltd

Bovis Lend Lease Pharmaceutical Pte Ltd

REC (framed modules) and Solar-Fabrik (frameless
laminates)

Roof mounted on Bluescope Lysaght KlipLok metal roof
Polycrystalline silicon

1,330

181

217,000

1,200

Phoenix Solar Pte Ltd
and Lonza Biologics Tuas Pte Ltd




Appendix A.6
LONZA BIOLOGICS

Figure A.6.1. Building exterior (Rendering by RSP Architects Planners &
Engineers Pte Ltd)

The curved laboratory roof of the Lonza Biologic's LBXS2 factory offers prominent
visibility to maximise public awareness for a 181kWp solar PV system on an industrial
building. The bulk of the PV array consists of 744 pieces of REC210 modules, while
the flatter upper section of the roof is covered with 104 SF130/2 frameless laminates
from Solar-Fabrik. Without frames to trap water at shallow installation angles, these
laminates will avoid dirt accumulation.

Roof clamps were specially engineered to attach the PV module rails to the KlipLok roof
seams without any penetrations. Lonza Biologics was a recipient of one of the inaugural
Solar Pioneer grants under EDB’s Solar Capability Scheme.

Figure A.6.2. Modules installed on the Figure A.6.3. Installing the REC modules
6°-16° slope
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ZERO ENERGY HOUSE

Building name . Zero Energy House

Owner : Private

Location . District 15, Singapore

Building type . Residential, 2'/>-storey semi-detached house
Completion (renovation) . April 2008

Working groups

* Project architects . Art & Architecture Collaborative

e Structural engineers . Portwood & Associates

e PV design . Phoenix Solar Pte Ltd

e Contractors . MCL Construction & Engineering Pte Ltd

e PV manufacturer . Mitsubishi Heavy Industries and Phoenix Solar

Type of PV integration . Roof mounted on metal roof

Type of PV cell technology :amorphous silicon and micromorph silicon thin films
PV area (m?) : 120

PV system peak power (kWp) . 858

Estimated energy output (kWh/year) : 12,000
PV Yield (kWh/kWp/yr) : 1,400

Photographs and information
courtesy of . Phoenix Solar Pte Ltd




Appendix A.7
ZERO ENERGY HOUSE

This 1960s semi-detached house was converted into Singapore's first modern zero-energy
home by reducing solar heat gain, improving natural ventilation and adding a rooftop solar
PV system, which generates more electricity than the 6-person household consumes.

The PV modules are mounted on rails that are clamped to the seams of the aluminium
Kalzip roof without any roof penetrations. As an important added benefit, the PV modules
shade the roof, keeping the attic rooms much cooler than they would be under a roof fully
exposed to the sun.

Figure A.7.1. Building roof with two types of PV module

Figure A.7.2. West roof flank with micromorph PV modules
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A.8 TAMPINES GRANDE

Building name

Owner

Location

Building type

Completion

Working groups

e Project architects

e MA&E engineers

e PV design

e (Contractors

e PV manufacturer

Type of PV integration

Type of PV cell technology
PV area (m?)

PV system peak power (k\Wp)
Estimated energy output (kWh/yr)
PV Yield (kWh/kWp/yr)

Photographs and information
courtesy of

Tampines Grande

City Developments Ltd
Tampines, Singapore
Office building

May 2009

Architects 61 Pte Ltd

Conteem Engineers Pte Ltd

Phoenix Solar Pte Ltd

Dragages Singapore Pte Ltd / BYME Singapore
Suntech (rooftop) and Schott Solar (BIPV)

Roof mounted and Building Integrated facade
Monocrystalline silicon and amorphous silicon thin film BIPV
934

107

120,000

1,200

Phoenix Solar Pte Ltd
and City Developments Ltd




Appendix A.8
TAMPINES GRANDE

101kWp of monocrystalline PV modules form the main rooftop PV array on Towers 1 and
2, while the west facade of Tower 2 has 6kWp of BIPV comprising 40 large, custom-built
amorphous silicon thin film modules.

At the time of completion, this was Singapore's largest PV system, and the first
commercial application of a thin film BIPV facade.

The building also boasts a solar air-conditioning system powered by solar thermal
collectors.

Tampines Grande was a recipient of one of the inaugural Solar Pioneer grants under
EDB's Solar Capability Scheme.

Figure A.8.2. Partially completed PV array Figure A.8.3. Aerial view of both towers




Appendaix

A.9 HDB APARTMENT BLOCKS
AT SERANGOON NORTH PRECINCT

Building Name
Owner

Location

Building type
Completion
Working groups

e Contractors

e PV manufacturer

Type of PV integration

Type of PV cell technology

Precinct PV area (m?)

Precinct PV system peak power (kWp):
Estimated energy output (kWh / yr)

PV Yield (kWh / kWp/yr)

PV Photographs and information
courtesy of

HDB Apartment Blocks at Serangoon North Precinct
Ang Mo Kio- Yio Chu Kang Town Council

Serangoon North Avenue 3 Block 548 to 554
and 550A (Multi-storey Carpark)

Residential
2008

King Wan Construction Pte Ltd &
Asiatic Engineering Pte Ltd

Sunset Energietechnik GmbH
Roof top

Mono-crystalline silicon
667.61

75.75

80,300

1,060

HDB




Appendix A.9
HDB APARTMENT BLOCKS
AT SERANGOON NORTH PRECINCT

The Serangoon North Precinct consists of
five blocks of 16 storey and two blocks of
nine storey residential apartments and a multi
storey car park (MSCP). Sixty-nine pieces of
solar PV panels are mounted at the rooftop
of each residential block and 22 pieces of the
panel at the staircase roof of the MSCP.
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Figure A.9.1. Typical rooftop PV array layout at Serangoon North Precinct
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A.10 HDB APARTMENT BLOCKS
AT WELLINGTON CIRCLE PRECINCT

Building Name
Owner
Location
Building type
Completion
Working groups

e Contractors

e PV manufacturer

Type of PV integration

Type of PV cell technology

Precinct PV area (m?)

Precinct PV system peak power (k\Wp):
Estimated energy output (kWh / yr)

PV Yield (kwWh / kWp/ yr)

Photographs and information
courtesy of

HDB Apartment Blocks at Wellington Circle Precinct
Sembawang Town Council

Wellington Circle 508A-C, 509A-B, 510A-B & 508 (MSCP)
Residential

2008

King Wan Construction Pte Ltd &
Asiatic Engineering Pte Ltd

Sunset Energietechnik GmbH
Roof top

Mono-crystalline silicon
667.61

75.75

80,300

1,060

HDB




Appendix A.10
HDB APARTMENT BLOCKS
AT WELLINGTON CIRCLE PRECINCT

The Wellington Circle Precinct consists
of seven blocks of 12 storey residential
apartments and a MSCP. Sixty-nine pieces
of solar PV panels are mounted at the rooftop
of each residential block and 22 pieces of the
panel at the staircase roof of the MSCP.

Figure A.10.1. Typical rooftop PV array layout at Wellington Circle Precinct




Appendix

B. ENGAGING A LICENSED
ELECTRICAL WORKER

1. Engaging a Licensed Electrical Worker (LEW)

1.1 There are three classes of LEWs: Licensed Electrician, Licensed Electrical Technician, and
Licensed Electrical Engineer. The various classes of LEWs are authorised to design, install,
repair, maintain, operate, inspect and test electrical installations according to the conditions
stated below:

Class of LEW Approved Load Voltage Level
Electrician Not exceeding 45 kVA 1000V & below
Electrical Technician Not exceeding 150 kVA
(Design); not exceeding 500 kVA
(Operation) 1000V & below
Electrical Engineer No limit Subject to license conditions

1.2  The Singapore Standard for electrical safety applicable to solar PV Systems is set out in
the Code of Practice for Electrical Installations (Singapore Standard CP5:2008), which is
published by SPRING Singapore. The LEW whom you appoint to carry out or supervise the
electrical works associated with your PV system will be responsible for the compliance
with the relevant safety standards and requirements.

1.3 You can search for LEWs and their contact particulars at the following EMA website:
http://elise.ema.gov.sg

1.4 For enquiries on LEWSs, you can contact EMA's Electricity Inspectorate Branch at:
Tel: 6835 8060
Email: ema_enquiry@ema.gov.sg




Appendix B.1
ENGAGING A LICENSED ELECTRICAL WORKER

2 Guide for consumers - Installation of Solar PV Systems

Consumer can check with URA directly whether PV
can be installed on the building’s fagade/roof or
Consumer can also approach a PV System Contractor
with a Qualified Person (QP) for such advice

. Formal development
Pla:mr;qnfjrﬁngal application must be
submitted to URA via
QP. Allow 4 weeks for
evaluation.
Consumer to appoint PV System Contractor to take Yes
full responsibility of the work. PV System C <
to engage professional engineer to assess the condition
of building structure and loading of PV,
Building plans must be
submitted to BCA for
Comply with loading commencement of
requirements? structural strengthening
works. Allow at least
14 days for approval.

Yes
<i| Connecting t0 the grid? | g Yes |
* Yes

PV System Contractor to appoint Licensed Electrical
Worker (LEW) to take charge of installing and

connecting PV system to the grid
Appointed LEW to submit { The ion scheme and requi will be offered !
Application Form to SP Services(SPS) i to the consumer within 10 working days upon i
* i submission of application. :

SP PowerGrid (SPPG) to evaluate and discuss
with LEW on the technical requirements, and on
the technical specifications of the PV system to
be submitted

._ .. Proces ;1 ng_n_n'_le_ for ieéﬁnjcal clearance depends on the
! submission and clarification processes by respective
i PV System Contractor.

Comply with technical
requirements?

SPPG to advise connection scheme |
I ~/
LEW to install, test and commission PV i Submission on appointment for the conncction of PV |
system(including connection) and inform both ! System to power grid (energisation) is required. '
SPPG and SPS when completed. i Energisation date shall not be less than 1 monthupon !
+ i the date of submission. i
System Contractor:
i) should provide an operation and mai | includi
any authority approval (if applicable) hand to homeowner
ii) should provide a warranty of 12 months of defects liability
period.




Appendix

C.1 CONTACT INFORMATION

For enquiries on the following matters pertaining to Solar PV systems, please contact:

(1)

(4)

Buildings issues

Development Planning Control
— Conserved Buildings

Development Planning Control
— Non-conserved Buildings

Electricity Generation Licences

Licensed Electrical Workers
("LEWS")

Electricity market rules,
market registration process,
and market charges

Connection to the power grid

Connection to the power grid

Building And Construction Authority (BCA)
Email: bca_equiry@bca.gov.sg
Tel: 1800-3425222 (1800-DIAL BCA)

Urban Redevelopment Authority (URA)
Building Conservation

Email: ura_conservation_cso@ura.gov.sg
Tel: 6329 3355

Urban Redevelopment Authority (URA)
Non-conserved buildings

Email: ura_dcd@ura.gov.sg

Tel: 6223 4811

Energy Market Authority (EMA)

Economic Regulation & Licensing Department
Email: ema_enquiry@ema.gov.sg

Tel: 6835 8000

Energy Market Authority (EMA)
Electricity Inspectorate Branch
Email: ema_enquiry@ema.gov.sg
Tel: 6835 8060

Energy Market Company (EMC)
Market Administration Team

Email: MPregistration@emcsg.com
Tel: 6779 3000

SP Services Ltd (SPS)
Email: install@singaporepower.com.sg
Tel: 6823 8283 / 6823 8284

SP PowerGrid Ltd (SPPG)
Email: dgconnection@singaporepower.com.sg
Tel: 6823 8572




Appendix

D.1 SOLAR CAPABILITY SCHEME (SCS)

The Economic Development Board (EDB) unveiled the Solar Capability
Scheme to spur demand and build up expertise for this young but growing
field. The scheme — the latest by Clean Energy Programme Office (CEPQO) —
seeks to strengthen critical capabilities of companies engaged in activities
such as engineering, architecture and system integration through increased
implementation of solar energy technologies by lead users in Singapore.

Agency

Quantum

Target Group

For Reading

For Details

EDB

$20 Million (Overall); $1 Million per project or up to 40% of
total capital cost of solar technology.

Engineering;

Architecture;

System Integration

(With implementation of solar energy technologies)

http://www.edb.gov.sg/edb/sg/en_uk/index/news/articles/
cepo_launches_solar.html

http://www.edb.gov.sg/edb/sg/en_uk/index/news/articles/
Award_Ceremony_for_Solar_Testbeds.html

http://www.edb.gov.sg/etc/medialib/downloads/industries.
Par.98811.File.tmp/Solar%20Capability % 20Scheme % 20Factsheet.pdf
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D.2 MARKET DEVELOPMENT FUND (MDF)

The MDF seeks to incentivise the use of clean and renewable energy
resources among non-residential consumers and developers by offsetting
the market charges and related costs associated with selling clean and
renewable energy into the power grid. This will help to promote energy
efficiency as well as help in the market integration of innovative clean and
renewable energy resources.

Agency . Energy Market Authority (EMA)

Quantum : $5 million; $50,000 over a span of 5 years or 90% of incurred
market charges for approved projects, whichever is lower.

Target Group . Non-residential consumers and developers who choose to sell
excess electricity generated from clean and renewable energy
technologies to the power grid.

For Details . http://www.ema.gov.sg/index.php?option=com_content&view=artic
le&id=125&Itemid=141
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D.3 GREEN MARK SCHEME

The Green Mark Scheme was launched to promote environmental awareness
In the construction and real estate sectors. It is a benchmarking scheme
that aims to achieve a sustainable built environment by incorporating best
practices in environmental design and construction, and the adoption of
green building technologies.

Agency . Building and Construction Authority (BCA)
Target Group . Developers

Designers

Builders
For Reading . http://www.greenmark.sg

http://www.bca.gov.sg/GreenMark/green_mark_buildings.html

For Details . http://www.bca.gov.sg/greenmark/others/gmtc.pdf
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D.4 GREEN MARK GROSS FLOOR AREA
(GM-GFA) INCENTIVE:SCHEME

To encourage the private sector to develop buildings that attain higher tier
Green Mark ratings (i.e. Green Mark Platinum or Green Mark GoldYs),
BCA and the Urban Redevelopment Authority (URA) have introduced a set
of Gross Floor Area (GFA) incentives on 29 Apr 2009. For developments
attaining Green Mark Platinum or Gold™">, URA will grant additional floor
area over and above the Master Plan Gross Plot Ratio (GPR) control.

Agency . BCAand URA
Target Group . All new private developments, redevelopments and
reconstruction developments submitted on or after the

effective date.

For Details . http://www.bca.gov.sg/GreenMark/gmgfa.html
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D.5 $100 MILLION GREEN MARK INCENTIVE
SCHEME FOR EXISTING BUILDINGS
(GMIS-EB)

The GMIS-EB aims to encourage private building owners of existing
buildings to undertake improvements andj/or retrofits to achieve substantial
improvement in energy efficiency. It provides a cash incentive that co-
funds up to 35% (capped at $1.5 million) of the upgrading/retrofitting costs
for energy efficiency improvement in their existing buildings.

Agency . BCA

Target Group : Building owners/developers of private existing non-
residential developments that is centrally air-conditioned,
with gross floor area of 2,000 sgm above e.g. energy
intensive buildings such as shopping malls, hotels, office
buildings, hospitals, and other centrally air-conditioned
buildings.

For Details . http://www.bca.gov.sg/GreenMark/gmiseb.html|




Appendix o

D.6 ENHANCED $20 MILLION GREEN
MARK INCENTIVE SCHEME FOR
NEW BUILDINGS (GMIS-NB)

The GMIS-NB is to help accelerate the adoption of environmentally-
friendly green building technologies and building design practices. The
enhanced scheme offers cash incentives.

Agency . BCA

Target Group . Developers, building owners, project architects and M&E
engineers who make efforts to achieve at least a BCA Green
Mark Gold rating or higher in the design and construction of
new buildings.

For Details . http://www.bca.gov.sg/GreenMark/GMIS.html




Disclaimer

The information in this handbook is subject to change or revision, to adapt to the continual development and
evolvement of the electricity and building and construction industries and is not a substitute for any law, regulation,
code of practice, standard of performance, Market Rules or Building Control Act which may apply to the said industries
in Singapore. It does not in any way bind the Energy Market Authority (“EMA") and the Building and Construction
Authority (“BCA") to grant any approval or official permission for any matters, including but not limited to the grant
of any exemption nor to the terms of any exemption. Both EMA and BCA reserve the right to change its policies
and/or to amend any information in this handbook without prior notice. Persons who may be in doubt about how the
information in this handbook may affect them or their commercial activities are advised to seek independent legal
advice or any other professional advice as they may deem appropriate. Both Authorities assume no responsibility or
liability for any consequences (financial or otherwise) suffered directly or indirectly by persons who have entered into
commercial activities upon reliance on any information in this document.
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