
2/19/2015

1

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).

1

Capacity Building Programme for Officers of Electricity Regulatory 
Commissions
19 February 2015, Singapore

Solar Energy Research Institute of Singapore (SERIS)

High Performance Buildings for Singapore 
for Better Energy Management

Assoc Prof Dr Runa T HELLWIG
Cluster Director Solar and Energy Efficient Buildings

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).

2

SERIS
Solar Energy Research Institute of Singapore

 Founded in 2008; focuses on applied 
solar energy research

 Part of the National University of 
Singapore (NUS)

 Rapid growth (now ~160 people and 
> 6000 m2 of space)

 > USD 30 million investments for labs

 R&D focus is on PV (cells, modules, 
systems) and energy efficient 
buildings

 Specialised in professional services 
for the PV industry

 ISO 9001 & ISO 17025* certified
(* PV Module Testing Lab)
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R&D covering the solar supply chain

Characterisation

Pilot lines for silicon wafer 
solar cells and modules

Module testing & certification

PV system R&D
(on-grid & off-grid) 

Modelling & simulation of PV cells, modules & systems              

Solar thermal systems

Forecasting & power
system management

Process improvements

Organic cells & CIGS cells

Cells ModulesSi & wafers Systems

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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Main R&D areas of SERIS

Photovoltaic electricity generation:

 Silicon wafer solar cells

 Thin-film solar cells (OPV, CIGS)

 PV modules (development & testing 
& certification)

 PV systems (on-grid & off-grid)

 Characterisation & simulation of PV 
materials, cells, modules, systems

Solar and energy efficient buildings:

 High-performance facades 
(incl. BIPV)

 Solar thermal systems

OPV = Organic photovoltaics
CIGS = Copper indium gallium selenide
BIPV = Building-integrated photovoltaics



2/19/2015

3

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).

5

Outline
 High Performance Buildings

Background

 Energy demand

 Singapore‘s climate

Buildings

 Demand side analysis

 Technologies 

Regulations, Roadmaps

 Measures

 Green Mark Scheme

 Roadmaps

Proven Quality

 Labelling - Applied Research - Test-bedding and Monitoring 

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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Why High Performance Buildings?
Holistic approach towards buildings at SEEB

High performance 
facades in the Tropics

Occupant 
satisfaction

Energy 
performance

Power 
generation

Graphic: Hellwig, SERIS 2014
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Background

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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Energy consumption in Singapore

Graphic: Hellwig, SERIS 2014, Data Source: EMA: Singapore Energy Statistics 2014

 Increasing energy efficiency
 Increasing share of renewables
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Electricity consumption in Singapore (I)
Break-down of the total
electricity consumption in 
Singapore

Source: Building Energy Efficiency Roadmap 2014

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
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Trend GFA and electricity consumption

BCA Building Energy Benchmarking Report 2014
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Singaporean Climate
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Weather Data: Energy Plus, Region 5, SW Pacific
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Singaporean Climate

S
ol

ar
 ir

ra
di

at
io

n 
[k

W
h/

(m
2
.m

th
)]

Weather Data: Energy Plus, Region 5, SW Pacific



2/19/2015

7

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).

13

Heat exchange man - environment

Convection
Heat radiation

Evaporation
Relative humidity

Surface temperature
Air temperature

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
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Thermal Comfort
ASHRAE Standard 55

Comfortable temperature at 
27°C ambient temperature

23 - 30°C! depending on the 
air velocity!

CBE Thermal Comfort Tool for ASHRAE 55 
(cbe.berkeley.edu/comforttool)
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Thermal Comfort
ASHRAE Standard 55

Comfortable temperature at 
27°C ambient temperature

23 - 32°C! depending on the 
air velocity!

CBE Thermal Comfort Tool for ASHRAE 55 
(cbe.berkeley.edu/comforttool)
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Singaporean Climate: 
Benefits and Challenges

Benefits:

 Sunlight / daylight/ solar radiation in abundance

 Ambient temperatures between  24 - 33°C

 Year long relatively constant climate (one solution!)

 Rain is available (greenery!)

Challenges:

 Very high relative humidity

 Reducing heat radiation from surfaces – comfort!

 Minimising heat gains from solar in buildings

 Providing suitable daylight at the same time

 Maximising energy harvesting (on limited space)
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Buildings

Photo: Hellwig 2015
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Electricity in commercial buildings
Electricity consumption (Final Energy consumption)

Commercial buildings: 316 kWh/ (m2.yr), N = 729

BCA Building Energy Benchmarking Report 2014

200

300

400



2/19/2015

10

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).

19

Electricity consumption in Singapore (II)

Building Energy Efficiency Roadmap 2014

Break-down of the
electricity consumption 
in commercial buildings

85% for cooling and 
ventilation and 
lighting

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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Green Mark Scheme GMS 
• Launched 2005

• 5 assessment key areas:

energy 
efficiency

water 
efficiency

environmental 
protection

Indoor 
environment

al quality

Incorporation of 
green features
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Non-green marked vs. green marked
Electricity consumption of Non-green marked (N = 84) vs. 
green marked (N = 51): mean saving -16%

-16%

Source: BCA Building Energy Benchmarking Report 2014
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Before vs. after retrofitting
Range of electricity consumption before and after retrofitting: 
mean improvement 13%, N = 25

-13%

Source: BCA Building Energy Benchmarking Report 2014
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Cooling loads in buildings

*

• Sensible cooling load (heat)

• Latent cooling load (humidity)

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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Reflected
radiation

Diffuse
radiation

Direct radiation

Shortwave radiation
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Technologies
 Focus in this talk on buildings envelope (walls, windows, facades)

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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Glazings
Permanent properties

 Solar heat gain coefficient (SHGC) single glass pane: 85%

 SHGC double low-e (sun-protective) glazing: 40%

Altering properties

 Thermochromic / electrochromic / photochromic

 Change of transmittance
in response to
- temperature change
- voltage change
- light change

Electrochromic glazing in ZEB@BCAA
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Solar shading devices

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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Shading

All photos: Hellwig 2015
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Shading
All photos: Hellwig 2015

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
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Internal shading device

A high reflective screen cuts of 50 to 70% of 
the solar radiation!

photo: Hellwig 2015



2/19/2015

16

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).

31

Solar radiation absorption
• Effect of colour on the 

surface temperature of 
building materials

• e.g.
white paint               ≈ 0.3
light coloured render  ≈ 0.4
brick (clinker) ≈ 0.6
bitumen felt ≈ 0.95

Source Fraunhofer IBP Germany
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Heat exchange man - environment

Convection
Heat radiation

Evaporation
Relative humidity

Surface temperature
Air temperature
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Insulation
 Heat transmission through the building envelope

(U-value W/ (m2.K) or R thermal resistance (m2.K/W))

 Single glazing: 5.8 W/ (m2.K) 

 Double low-e glazing: 1.5 W/ (m2.K) 

 Reducing the heat gain through transmission by factor 3-4

 Concrete roof, 0.20 m: 1.4 W/ (m2.K) 

 Slightly insulated concrete roof, 4 cm: 0.6 W/ (m2.K) 

 Reducing the heat gain through transmission by factor 2

 Compared to new windows factor 2.5

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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Airtightness

Photo Hellwig 2015
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Air-leakage rate measurement  
Rreasons for establishing a proper 
building tightness:

 Avoiding unwanted heat gains 
through gaps in the building’s 
envelope

 Avoiding additional energy 
consumption for cooling 

 Avoiding moisture condensation 
problems

Photo: SERIS

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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Focus area of SEEB

High Performance Facades

 Energy demand control through 
well-performing buildings

 Glazings – permanent, altering 
properties

 Shading – permanent, movable
 Insulation – reducing heat 

gains, moderating thermal 
inertia

 Air sealing – reducing 
uncontrolled heat gains through 
infiltration

 Synergy effects – on-site 
energy generation and shading

High 
Performance 

Facades

High 
Performance 

Facades

laboratory 
(properties, 

quality)

simulation & 
prediction 

(alternative 
consideration)

integration 
(working 
system)

on-site 
performance 
(completion 

quality)

professional 
training 

(improving 
adoption)

test-bedding 
(proof of 
concept)
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Solar Energy has the best potential
 Singapore receives lots of solar 

energy throughout the year
(1630 kWh per m2 per year) 

 yield do I get from a PV system:
> 1,300 kWh / kWp (= 80% PR)
>   150 kWh / m2 (unshaded roof 
area) 

Ocean Financial Centre -
SE Asia’s highest solar installation (2011)

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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Optimal orientation in Singapore 

Source: YS KHOO et al., Optimal orientation and tilt angle for maximizing in-plane solar irradiation 
for PV applications in Singapore, IEEE Journal of Photovoltaics, Vol. 4, No. 2, March 2014
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Types of rooftops suitable for PV
Pitched roofs

Module structures are fixed to 
the main beams of the 
underlying roof (rather than the 
tiles or building surface)

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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BIPV
All photos: Hellwig 2015
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Photo: Hellwig 2014

Launch of White PV in Singapore, 28/10/2014

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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Focus areas of SEEB 

Solar 
Thermal Systems

Solar 
Thermal Systems

on-site 
performance 
(properties, 

quality)

simulation & 
prediction 

(alternative 
consideration)

professional 
training 

(improving 
adoption)

integration 
(working 
system)

test-bedding 
(proof of 
concept)

Solar Thermal Systems

 Increasing the share of 
renewables 

 Providing the energy on-site 
close to consumers

 Decreasing use of fossil fuels in 
the industry
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Singapore collector performance

0

200

400

600

800

1000

0

200

400

600

800

1000

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9

A
vg

. 
irr

ad
ia

tio
n,

 W
/m

2

A
vg

. 
th

er
m

al
 g

ai
n 

pe
r 

un
it 

co
lle

ct
or

 a
pe

rt
ur

e 
ar

ea
, W

th
/m

2

Collector A

Collector B

Irradiation

March April May

70 - 85% of irradiation can be converted into solar thermal energy

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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SERIS solar thermal collector testing
Solar thermal collector testing system at roof top
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Technologies
 Glazings – permanent, altering properties

 Shading – permanent, movable

 Absorbtion – light colours

 Insulation – reducing heat gains

 Air sealing – reducing uncontrolled heat gains through infiltration

 BIPV and PV

 Solar thermal collectors

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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Regulations, Roadmaps
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7-11% CO2 reduction commitment 
below the 2020 business-as-usual (BAU) emissions*

Two major areas

National Climate Change Secretariat

energy 
efficiency

cleaner power 
generation

* 77.2 million tonnes in 2020, projecting 
from 2005

reducing grid 
emission 

factor

renewable 
energies

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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BCA Green Building Masterplan
Vision
of making Singapore “A global leader in green buildings, with special 
expertise in the tropics and sub-tropics – enabling sustainable 
development and quality living”

Key strategic goals focusing on 

 Continued Leadership; 

 Proven Sustainability 
Performance; and 

 Collaboration and 
Engagement with 
Stakeholders

Source: BCA 2014, 3rd Green Building 
Masterplan
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Legislation for Existing Buildings
Annual Mandatory Submission of Building Information and Energy 
Consumption Data

 Enacting 2012

 End of 2013 first data set

Containing:

 Occupancy type, activity type

 GFA, air-conditioned area, 
last renovation/ retrofitting

 Information on service: 
lighting, ACMV, lifts, 
hot water

 Energy Consumption: 
electricity, diesel, gas

BCA Building Energy Benchmarking Report 2014

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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Green Mark Scheme GMS 
• Launched 2005

• 5 assessment key areas:

• Mandatory (Buildings Control Regulations): for all new buildings 
with GFA more than 2000 sqm to obtain a minimum score of 50 
points (passed GMS)

energy 
efficiency

water 
efficiency

environmental 
protection

Indoor 
environment

al quality

Incorporation of 
green features
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Incentives
 Singapore Green Mark Incentive Scheme

 Since 2009

 Available for new and private developments, redevelopments or 
major retrofitting

 Available for GM Platimnum or Gold

 Increase of GFA by 1% (Gold) or 2% (Platinum)

 Subject to a cap of 2,500 sqm (Gold) and 5,000 sqm (Platinum)

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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Singapore PV roadmap 2014
Facilitating the deployment of PV in Singapore

Short term (before 2020)

 Conjointly with architects, government agencies and industry 
address the issue of space utilisation and increasing space for PV 
use, whilst preserving the necessary urban green space. 

 Create and test innovative solutions for system deployment (e.g. 
inland floating PV, building-integrated PV (BIPV), PV canopies, and 
extremely light weight movable PV canopy construction). 

 Potential: 7 – 15 TWh by 2050

 Roof top area: 34 km2

 Facades (top 5 stories) 4 km2

Source: Solar Photovoltaic Roadmap for Singapore  2014
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IEA road map vision worldwide
Solar heating capacity could produce annually by 2050: 

16.5 EJ (4,583 TWh) solar heat

Source: IEA Technology Roadmap – Solar Heating & Cooling, 2012 

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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Energy Efficiency Roadmap Singapore

Source: Building Energy Efficiency Roadmap 2014

4 key areas

 Integrated Design (ID)

 Building envelope and Façade system

 Air-con mechanical ventilation

 Building management Info system
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Technical & non-technical challenges
EE roadmap

Source: Building Energy 
Efficiency Roadmap 2014

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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Building envelope and facades 
systems (BEFS)

Lacks identified in the EE Roadmap for key area BEFS

 Lack of effective passive and active design strategies for building 
envelopes

 Lack of technology adaptation for the tropics 

 Ineffective usage of Envelope Thermal Transfer Value (ETTV) for 
design  

Source: Building Energy Efficiency Roadmap 2014
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EE Roadmap: identified technologies 

1 out of 5 identified technology strategies is: 
Integrated test-bedding of BEFS

Source: Building Energy Efficiency Roadmap 2014

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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Proven Quality
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Labelling
National Environmental Agency provides Energy Efficiency Labels for:

 1 to 5 (highest performance) ticks

 e.g. air-conditioners, refrigerators

Source National Environmental Agency

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).

62

Technological Readiness Level
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 On-grid and off-grid PV system 
technologies
 Optimising performance and 

developing devices

 PV potential analysis
 Evaluation of available roof-top 

areas using aerial views

 Solar resource forecasting
 Spatial and time resolution of 

solar irradiation data using 
satellite data and meteo-
rological stations

 PV-grid interactions
 Influences of PV on network

parameters and smart grids

Solar Energy Systems Cluster
Research areas

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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SEEB Cluster – Lab facilities
 Calorimeter Lab, Integrating sphere, 

UV/VIS/NIR spectrophotometer
 Material properties

• U-value
• Thermal conductivity (windows, walls, 

glazings, materials)
• SHGC
• Solar/ VIS reflectance and transmittance
• Solar emittance
• Shading coefficient

(glazings, shadings, paints, coatings, 
roofs, façade elements)

• visible light reflectance/ transmittance of 
patterned PV modules, of patterned 
glazing systems or translucent materials
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SEEB Cluster – On-site Testing
 Thermal imaging
 Heat flux, solar radiation, temperatures, volume flow
 On-site U-value measurement
 Holistic building energy audits
 Blower Door test: air tightness of buildings and air ducts, leakage 

detection
 Holistic energy audits

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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ZEB@BCAA
Zero Energy Building
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ZEB@BCAA Guiding Principles

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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ZEB@BCAA Monitoring

Source SERIS

0

5

10

15

20

25

Ja
n

F
eb

M
a

r

A
pr

M
a

y

Ju
n

Ju
l

A
ug

S
ep O
ct

N
o

v

D
e

c

E
n

e
rg

y 
ge

n
e

ra
tio

n
/c

o
n

su
m

p
tio

n 
(M

W
h

)

Energy consumption in MWh Energy generation in MWh



2/19/2015

34

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).

70

Energy distribution in Y2013

Ahu's, 
18021 kWh, 

9.2%

Fcu's, 6973 kWh, 
3.6%

Exhaust fans, 293 
kWh, 0.2%

Chiller system, 
85851 kWh, 44.0%

Lighting, 
42211 kWh, 21.7%

Equipment, 32324 
kWh, 16.6%

Others, 9242 kWh, 
4.7%

 Ahu's

Fcu's

Exhaust fans

Chiller system

Lighting

Equipment

Others

Source: SERIS

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of
Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
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Summary
For high performance buildings

 Demand side analysis

 Climate adjusted strategies

 Different technologies available

 Identify strategies for priorities: Roadmaps

 Mandatory and voluntary measures

 Green Mark Scheme, Labelling

 Proven quality is necessary for reliability

 Applied Research - Test-bedding and Monitoring
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Thank you for your attention!

runa.hellwig@nus.edu.sg

More information at 
www.seris.sg


