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Rapid Growth of Human Population in recent years
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1804 ~ 1 billiofi >+

éo
1927 ~ 2 billion ¢
- 1987 ~ 5 billion Region L%, | Population in 2008 (in millions) *
World ‘| 6,705
illi Asi 4,052

1999 ~ 6 billion >l
Africa 967

2010 ~ 7 billion America & Caribbean 915
Europe 736

2050 ~ 9 billion Oceania 35

Seeram Ramakrishna et al, Singapore International Water week, 2010



Half the global population now lives in urban areas
25 cities with over 10 million population;
300 cities with over a million population

et - e

Size of Urban Pepulation

© 5 million and over since 1950

® 5 million and over since 2000

® 5 million and over in 2015 (projected)



= BY 2030, 90% of the world's
population growth will occur

in cities | = 2007, 50% of the world
| : population living in cities

Increasing scarcity
of natural resources

[ ncreasing mobilty Sy, B8 45 ®Citles account or 60% o

= Traffic will increase | LAY L supply is an additional
significantly " i challenge
(o >

Healthcare S i
= Health care ',‘ " Cltles account for 80% of the | Sielisly S0 BEEIN ‘
o\ e ' B \world’s greenhouse gases, = Malfunctions pose high risks to
’_quilder care & Increase 2 f while covering only 0.4% of 8 urban economies. _
- urban air pollution, ”._.._. M earth's surface |

Infectious diseases

ol
vy

Image © 2005%Sanbornk
© 2005 Sanborn
i

Pointer lat 40.704833° lon -74.014298° eley 2 m Stteaming 11111 100% Eye alt S04 m



Water Consumption:
Global Average ~ 1240 cubic meters per year per person
USA ~ 2500; China ~700
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1995 2025 2050

Population (.46 Billions 2.8 Billions 4 Billions
affected
by Water
Shortages
% of 89, 35% 42%

World



Food consumption (global average):
kcal per day per person

Year 1965: ~ 2300
Year 2000: ~ 2800

Year 2030: ~ 3000

http://www.who.int/nutrition/topics, oodconsu ion/en/index.html




Electricity Consumption, kilowatt-hours per person

energy demand and GDP per capita (1980-2002)

World A - v
orld Average: N Z/‘.«m
~2600 (year 2005)
300 o

~2000 (year 1990)
USA: ~13,600
Japan/Korea/
Singapore: ~8300
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Changing Composition of World GDP

Industrial Internet
revolution revolution
Fall of the Roman

Empire OII
Crisis
v vV VvV
Rest of the 71100
world
Japan
Europe &
N. America
India
China
Year 1 500 1000 1500 2007,

Source: Angus Madison’s ‘Historical Statistics for the World Economy: 1-2004 AD’,
Deutsche Bank Global Market Research. Courtesy Pedro Rodeia, McKinsey



GLOBAL INNOVATION LANDSCAPE (Year 2010)
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' Innovation

[s it Shifting to Asia!

This book provides a brief overview of the recent trends
in innovations. Early inventions/innovations that began
in Asia (i.e., compass, paper, gunpowder and printing)
spread to the Atlantic (Europe and USA) by land and sea
routes. However, with population growth, economic
expansion, availability of skilled researchers and lower
cost of research in Asia Pacific, there has been a shift in
innovation activities in this region.

There has been a discernable trend of innovation
(R&D) in countries like Japan, Korea, China, India and
Singapore. This book attempts to create awareness of
this trend and hopes to motivate business leaders and
policy makers to take advantage of this shifting trend,
as well as to encourage more global collaboration
in innovations to face societal challenges in the
21st century.

15EN-13 DTB-381-256-450-4 [pek]
1SEA-10 DE1-255-455-4 (i)

78 IS 6459 7]|
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"lhe

Changing Face of
Innovation

[s it Shifting to Asia!




ASEAN = ASEAN Energy Resources

= Singapore — Unique Situation
Singapore = Challenges and Drivers for Change
= National Strategy and Policy

= Collaborations
= New Opportunities
= Contributions

Summary Regional and International
Collaboration is the key success factor
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—ANU

HK ASEAN = ASEAN Energy Resources

of Singapore

National University

Summary




ASEAN (gt

Myanmar
Qil, Gas, Hydro

Thailand
Oil, Gas, Coal

Cambodia
Hydro

Malaysia
Oil, Gas, Coal

Singapore
No Natural Energy
Resources

Source : ASEAN Centre for Energy -

ASEAN Energy Resources

Population in
ASEAN (2009)
596 million

National University
of Singapore

N US
95

Laos
Coal, Hydro

Vietnam
Qil, Gas, Coal, Hydro,

Philippines
Qil, Gas, Coal, Hydro,
Geothermal

Brunei
Oil, Gas

Indonesia
Qil, Gas, Coal, Hydro,
Geothermal

http://www.aseanenergy.org/publications_statistics/statistic/resources/page_01.htm
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Proved Coal Reserve - 2009

% of World Share of
Coal Reserve
Asia Pacific
826,001 31%

million
tonnes

Pacific
31%

Source : BP Statistical Review of World Energy — June 2010




North America .

5.5%

Africa,

9.6%
2009

World Total
1333.1

Thousand Million
Barrels of Qil

S. & Cent’ Reserve
America,
14.9%

Proved Qil Reserve - 2009

Middle
East,
56.6%

Source : BP Statistical Review of World Energy — June 2010

Note : Exclude Canadian Oil Sands
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National Univers|
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% of World Share
of Oil Reserve

Asia Pacific
CWAL

ASEAN
1%
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ASEAN Energy Resources

Natio |U
ngp

N US
9.

S. & Cent. America

North America
— Proved Natural Gas Reserve - 2009

% of World Share of

A;u;i/ca | Natural Gas Reserve

Asia 2009 Asia Pacific
Pacific | World Total 99/,

187.47
Trillion Cu

\ "Metres of Gas ASEAN
\ Reserve ~ 49/,

Europe
& Eurasia
34%

Source : BP Statistical Review of World Energy — June 2010



Energy Demand in ASEAN Countries

ASEAN Energy Demand
(million tonnes of oil equivalent)
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Source: Asia Pacific Energy Research Centre, Tokyo
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% share of world coal Reserve - 2009 0.7%

% share of world Oil Reserve - 2009 1%

% share world Nat Gas Reserve - 2009 4%

ASEAN will be net importer of energy

Source : BP Statistical Review of World Energy — June 2010
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= Singapore — Unique Situation
Singapore = Challenges and Drivers for Change
= National Strategy and Policy

National University
of Singapore

ENUS
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Summary







..
Singapore Unique Situation — Energy Hub f“j@ NUS

/" S$1.5bi )

e Largestin Asia (2013)
e Third largest in the World at Jurong Island
e USD 375 bi Oil Contract Annually (30 hectares) Jurong Rock Cavern
. . . | Underground/undersea
Oil Reflnlng Centre & iy faiility to store

1.47 mi cubic metres of
crude oil & condensate

e Third biggest Oil Refining
Centre

e 1.385 bi barrels per day

Marine Bunkering Centre || initial capacity

of 3.5 million
e World busiest Bunkering tonnes per
Centre
annum

e 31.5mitonnes \ s Ny
Source: EMA, EDB, JTC




Our Challenges

Sustainability

e ECconomic
Growth

|Safeguarding w

e Energy
Security

e Natural
Environment

ingapore

S

Challenges and
Drivers for Change

1970s

Intensive

60.0 - [
1960s 2l
40.0 BEE:1+Te]0g
Intensive
20.0 -

0.0 -

Capital
Intensive

Source : Singapore Department of Statistics

ANUS

National University
of Singapore

2000s
Singapore Economic Kno:f‘zdge
Innovation
5500 Development Journey novatior
180.0
'g 1600 1990s
-~ 140.0 Technology
Intensive
= 120.0
o.
S 1000 -
1980s
80.0 -

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Year




Challenges and
Drivers for Change

Singapore

*Energy Security Options:
* Natural Gas
* Waste to Energy

 Limited Land
* No Natural Energy
Resources such as:

« Coal * Solar

e Oil * Biofuels

e Gas * Nuclear

e Hydro * Enhance Energy Efficiencies
« Wind * Increase Electrification for
e Tidal Urban Mobility

* Use more climate —neutral
energy sources for built
environment

e Geothermal
* Biomass Power




Total Electricity Consumption AN US
and Forecasted Demand

of Singapore

Singapore

Forecasted Demand based upon GDP and Population projections

Actual Forecast

GWh

30.000 T T T T T T T T T T T T T T T T T T
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- ESstimated range of future electricity gemand

Expected Rate of Annual Increase
2.5% to 3.0% for period from 2009 to 2018

Source: Statement of Opportunities for Energy Industry, 2009 - EMA, Singapore



Singapore

12.0

10.0

8.0

6.0

Natural Gas Consumption
(Bi cubic metres)

4.0

2.0

National Climate Strategy —
Move to More Natural Gas

NUS

ngp

Diversifying Fuel Sources for Electricity Generation
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Source: EMA, Singapore, BP Statistical Review of World Energy —June 2010
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B NaturalGas mFuelQil = Others
Fuel Mix for Electricity
Generation



National Climate Strategy — =EANUS
Move to More Natural Gas @

National University
of Singapore

Singapore

Natural Gas emits 40% less CO2 than Fuel Qil per unit of electricity generated

CO2 emissions/ TPES (tonnes per terajoules)

70
60
50 """'-..-----i--...-.iiiiiiii-..---..i....-!'II..liiiiiiilllIIIIIIIIIl!lIllIl--..iiiiiiiiiiiiiII-llll---r—____
40
30
20
10
0
1971 1975 1980 1985 1990 1995 2000 2004 2005 2006 2007
CO2 Emissions by Fuel (million tonnes of CO2)
40

1971 1975 1980 1985 1990 1995 2000 2004 2005 2006 2007

H Oil ®Gas

Source: EMA, Singapore, IEA Statistics — CO2 emissions from Fuel Combustion — 2009



Singapore

Whole-of-Government
Approach

B &®

NUS
95

National Univ

ersity
of Singapore

MI l MINISTRY OF TRADE
I SINGAPORI

AND INDUSTRY

Economic Competitiveness
MINISTRY OF FOREIGN AFFAIRS .
SINGAPORE Energy Security
el Ministry of the Environment E
. . nergy
Ny T Waler Rescurces Climate Change & Environment Efficiency
EDB
ol = Energy Industry Development
Economic Development Board

Clean

Energy

Source: Ministry of Trade and Industry (MTI)



: R&D Investment for Energy, ERINUS
Singapore Sustainable Water and Environment ‘E Srsiaapere

Clean Energy
$$650/USD485m

éustainable Blueprint By 2015
S$1bi /USD730bi >$1.7 bi GDP/year

»7,000 new jobs

Environment

& Water
‘1‘:5? S$330m/USD235m

o
51NN

Source: The Straits Times, 27 March 2007; Asia Clean Tech Handbook - May 2010 — Thomson Reuters ; NRF Singapore; EDB



Test-bedding and Living ERINUS
Laboratory for Clean Tech W

Living Lab on Pulau Ubin Island — 10 Sg Km

Singapore

National University
of Singapore

Powering Pulau Ubin with Clean and Renewable

Project aims to make Singapore a launch pad for new energy technologies

A preview of possible solutions - SO I a r

| 0 FA- Sol
o G s e S I ofar
: PULAU UBI to energy plant @ Rastiurants
e W o 5 = EX- Hydrogen Storage
powerpiant@
B e F1- Biomass Waste

- Energy Storage

p — ' . A-rv
o //_\
e ﬁ; - - Marine Turbine

A |
/ EX- Microgrid

turbine
31

Source: Energy Market Authority (EMA

)




Test-bedding and Living =8 NUS
Laboratory for Clean Tech @ ofSrsmor

Singapore

ngp

\ Cleantech Park @ JaIan Bahar

-

50 hectares i ,}.‘,@: L - ,;--
Cleantech Park R s e T IR RS g i s

« Catalyze
development of
Cleantech industry
and capabilities

''''''''

 for companies to
conduct R&D, test-
pedding,
prototyping and
ight manufacture /

\J
:




Test-bedding and Living ERAANUS

>ingapore Laboratory for Energy Grid 95 s

1 MW EPGC MICROGRID AND
DISTRIBUTED ENERGY TEST FACILITY

*World’s largest pilot
1 Megawatt
Experimental Power
Grid Centre

« S$38mi
(USD27.5m) facility

* Allows electricity
from renewable
energy sources to
be fed into the Grid

o /

Source: A*STAR — Institute of Chemical and Engineering Sciences
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( Atlantis Resources
Corporation (a
Singapore-based
firm) develops world
largest tidal turbine

» Installed at Orkney
Islands, the 1MW
(US$3m/S$4.1m)
underground turbine
can generate
consistent electricity
to power up to
QOOO homes

Source: Straits Times, 12 August 2010

An underwater turbine that can power up to 1,000 homes was installed near
Scotland today. The turbine was designed and tested in Singapore and is a
new milestone in green technology. The Straits Times looks at how it works.

GENERATOR converts
rotational energy
into electricity

' MINIMUM
! DEPTH: 25M

=

ELECTRICAL CABLE

New Milestone in Green
Technology

The turbine is mounted on a
foundation structure and set
on the seabed. No drilling is
necessary as its weight
secures it in place.

©)

Tidal currents turn the
blades, powering a generator
that produces electricity. The
output varies with the tides
and is predictable.

©)

Underwater cables carry
the electricity to an
offshore transformer.

Heavy foundations
keep the structure
in place

OFFSHORE
TRANSFORMER

The transformer
converts the electricity
to a high voltage to
allow it to travel
further, to a power
station on land.

M Possible sites for tidal energy use

POWER
STATION

The station, connected
to the national grid,
distributes the
electricity.

Why underwater?

Space-saving

An underwater turbine with 9m
blades can generate the same power
as a land turbine with 120m blades.

Made of steel
(blades are made
from composite
material)

Costs between
US$2.5m and
US$3m

Generates
1 megawatt of
electricity, enough
to power 1,000
homes

More predictable

Unlike wind and solar energy, tidal
energy is predictable due to the
nature of underwater currents. This
makes it a more reliable source of
electricity.

Large untapped resources
Water covers about 70 per cent of
the world's surface, and every
continent has possible sites for
harnessing tidal energy.
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SOl Green Building R&D 95 U

of Singapore

»Zero Energy Building project is a
collaborative R&D effort among BCA,
NUS, SERIS and partners from the private
sector

» Singapore Government target to get

80% of all buildings on Green Mark
certification by 2030

~ e .4;:2{/;' ’f/‘i/’ & .w:' .ﬂh -—'.l‘- LEY — e ' =
Light pipes Solar panels Photovoltaic systems
Source: Building & Construction Authority (BCA) 35




Nuclear Security & Nuclear ERANUS
Power Option 95 e

Singapore

of Singapore

ANucIear Power\

" [ Nuclear
not ruled out W Ei wirity
In Washington, at the ‘ wumg}zlotm

Nuclear Security
Summit, Prime
Minister Lee Hsien
Loong said, “the
Government was just
beginning to study

the long-term
feasibility Of nuclear U.S. President Barak Obama (R) and Prime Minister Lee Hsien Loong
i ” pose for photographs at the start of the Nuclear Security Summit at
POWEI‘fOI' Slngapore . the Washington Convention Center April 12, 2010 in Washington, DC.
Qtraits Times, April 15, 2008 / Forty-seven delegations from around the world have converged on the

United States' capital to discuss nuclear security. (Source:
www.life.com)
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Technology

to reduce
carbon
emissions

\

J

Cut Carbon Emission Growth =RNUS
by 160/0 by 2020 @ gfgii?]gaalpl;r:;versity

-Conversion from

Oil-fired to Gas-fired e
Combined Cycle Plant LTRRA ARG
‘Recycling Energy — noko Power Plz
Power-and-Steam e conversio
Co-Gen Plant i) [N=olee
JZ2 € ON PE




Singapore

Transport
Optimization

/-Travel Pattern\ /-Traffic
Analytics Modeling &
» Sensors & Predictive
Robotics Analytics
» Open Source » Collaborative
Road Traffic Location Based
\Simulator / Gervices /
ofsngapore UNIVERSITY IRty AT
steria
EDB “ISS

| Transport

4 Research Clusters

Telemetrics

Integrated User

Experience

 Personal
Travel Advisor
 Unified Travel
Information

« Mashups
Geospatial
Transport
\Information

~N

J

SSSSSSSSS

wa Singapore Technologies
WS Electromcs

Greener Urban Mobility Research —
Collaborations & Joint Research

I

Land Transport

INUS

Natio IU
ngp

9.

Environment &
Energy

 Green IT
« Green Vehicles

DA

SINGAPORE

Authority

vl
CISCO
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Singapore Greener Urban Mobility %}@ NUS

of Singapore

— Ope_ning Existin

= s | @ |€SE-DEAAING NEW
technologies -
148 km mmmp 278 km e - -

: electric vehicles
s~ | and diesel-hybrid
buses
 Low Carbon

Technology
Transport |

Improve the ===
design and
engineering of
Rapid Transit
System to achieve |siss

Vehicle
greater energy
efficiency

Urban Mobility ~ 13% of Singapore Energy Consumption is in Transport Sector
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National University
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SlaleF]sle]g=Ml Sustainable Urban Solutions

Green
Building
Target of
80% of all
building
certified by

e
e

o
,‘I

=
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O
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Solar panels on
rooftops of HDB apts.

« by 2011 -3,000
residential units will
have solar panels
installed

« Housing
Development Board
(HDB) invested
S$2.3 million for
this sustainable
housing initiative
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Sustainable
Public Housinc

BCA GREEN MARK



Singapore

To attain /0%

\

Waste Minimisation and
Recycling

aNUS
9%):

Natio IU
ngp

_recycling rate by 2030

SINGAPORE 2009

WASTE

STATISTICS

1,230 kg

. J
generated by
each person
in 2009

6,114,100 tonnes Generated
by everyone in 2009

% 57%
‘ ﬂ Recycled

2000 I 40

2001 I a4 Recycling Rate (%)
2002 I 45

2003 4T

2004 I 48

2005 I 40

2006 I 51

2007 I s

2008 I 5
2009 I 5

. 43%
Disposed
41% 2%

Incinerated Landfilled
at Four at
Waste-To-Energy Semakau
Plants Landfill

Source: Ministry of the Environment and Water Resources (MEWR); National Environment Agency (NEA)


http://www.nea.gov.sg/cms/sei/Events_RecyclingTrail01.jpg
http://www.nea.gov.sg/cms/sei/Events_RecyclingTrail02.jpg

Singapore ater to se aining
Reclaimed Water for Marina Barrage
Industrial & Potable Use ——__ s :

Urban Reservoir will store 10% of Singapore’s
Demand

Singapore DTSS
Routing all wastewater
through large deep
tunnel system by gravity
to 2 new water
reclamation plants
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of Singapore

‘ Electric Vehicles ‘ | Smart Grids ‘

Battery Recharge Plug </
(Not to Scale)

Electric
Battery Pack

Electric Motor

‘ Carbon Services ‘

Source: Courtesy from Economic Development Board (EDB) 43



National University
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Exporting Sustainable Solutions: NUS

SINgapore O oping Eco-Cities Overseas

THE STRAITS TIMES

Tianjin: Singapore-China ties hit new

heights with eco-city pact
19-November-2007

- Dlic of Sj
%ﬁbumr;’n o

b ople’s Goverr~ant of Guang

epubllc (6) 14 ,. ore in Guan g, rovince
i ibihi 3 t’
Guangzhou: Keppel studying feasibility of A 1’%%!"?—; /.q

developing the eco-friendly Knowledge City.
24-March-2009

T B

\\\’\" =

Vietnam: Vietnam-Singapore Industrial

Park breaks ground.
13-Jan-2010

Source: Courtesy from Economic Development Board (EDB) 44
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= Collaborations
= New Opportunities
= Contributions

Summary
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Energy and Environment Cluster

National University
of Singapore

Exploratory Future Policy / Energy
Science Technology Implementation Sustainability

SOLAR ENERGY RESEARCH
INSTITUTE OF SINGAPORE
(SERIS)

Singapore’s national institute for
Applied Solar Energy research

Research in areas of Solar Energy.
Li-ion Batteries., Hydrogen
Production & Storage and Fuel
Cells

-~
NUSMNNI/

Sustainable Energy

LI"~.e"latierials and Systems

s — ~
Centre for Total Building Research in tropical Building
PIEIRCIIE R e _ Design, Construction, Maintenance

A BCA-NUS Centre for and Management
k_Tr'c-picaI Building Research y

Interdisciplinary research.
education and expertise in the
environment affecting Singapore
and Asia

MUS Environmental
Research
Llnstitute (NERI)

\

Singapore Institute of
MNuclear Science

& Engineering Research
(SINSER)

An initiative on nuclear science
and engineering program

46



Exploratory
Science

Energy and Environment Cluster

Future
Technology

National University
of Singapore

N US
95

Policy / Energy

Implementation Sustainability

.
MUS Global Asia Institute

(GAIL)

NUS President’s initiative on
Research and Scholarship directed at
topics pivotal to Asia’s future

Energy @ NUS website

One-stop portal on Energy
Research. Energy Directions
and Energy Education in NUS

-~

Energy Studies Institute
(ESI)

A national policy-research institute
in energy policies (economics.
security and the environment)

-~

e,

Lee Kuan Yew School of
Public Policy (LKYSPP)

Areas of focus include Asian Energy
Security and Energy Governance

-~

e

Energy Sustainahbility Unit
(ESU)

To develop course structure & training
syllabus for the Singapore Certified
Energy Manager Training Programme

”~

N

Office of Environmental
Sustainability (OES)

To effect a total shift to
environmental sustainability in all
aspects of campus life

47



B8 &

9

Major survey of companies (refining, petrochemicals,
pharmaceuticals) on their programs & commitment to
energy efficiency

N U S i 1 ENERGY
Haticnal University i":: 5'"[ L-I I.] [ E S
of Singapore INSTITUTE

Analysis of impact of Singapore’s land transport policies
on balancing private and public transportation, and on
CO2 emissions

Works with Ministries to monitor:
Global developments & trends in energy/environment/sustainability
systems and technologies
The economics of new innovations
The geo-politics of fossil and emerging energy sources.
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/ Solar Energy \

Research Institute
of Singapore
(SERIS)

Set up jointly by

EDB

SlVGﬁ\_P_(_)_Bj

eSolar Energy Research

« Silicon Photovoltaics

- Nano-structured Solar
Cells

*Solar & Energy Efficient

Building including PV
System Technology

« PV Module Performance
Analysis

« S$130 mi over 5 years

* 90 Researchers over 5 year
of operations

» Solar module testing &
certification centre with VDE
& Frauhofer

B8 &

95

of Singapore

NUS

National University

International Research
Luminaries

Prof Joachim Luther
 CEO of SERIS

» Former Director of
Fraunhofer ISE from
1993 to 2006

\

J

Prof Armin Aberle

* Deputy CEO of
SERIS

* Ex-Dy Director of
PV Centre of
@cellence in UNSW

{
» '11
-~
e

=\

>

Dr. Bram Hoex
« 2008 SolarWorld
Junior Einstein
Award Winner

~

J

49



e New Opportunities for NUS to
NUS contribute towards the national
agenda on Nuclear Energy

Nuclear Security & Nuclear Power Option

Subject to Government support, NUS is prepared to
undertake the following high impact research in areas:

v nuclear forensics & detection

v radio chemistry & nuclear defense
v' reactor engineering
v
v
v

nuclear medicine

material sciences

environmental sciences
v’ life sciences

Nuclear Science & Engineering
Education — Undergrad Attachment with [ g 2= 50
Un|VerS|ty Of Tean @ AUSt'ﬂ ourC: FreeFoto.om




e New Opportunities for NUS to
NUS contribute towards the national
agenda on Nuclear Energy

National University
of Singapore

N US
95

T A
og —
fd
5 N\
Q. Frontier R&D
X
Ll
. Exp.
o] Technological & Medical \ facilities
() Applications
&)
-
2 Hands on experiments with
7)) nuclear research reactor
ge]
i
(C /Radiochemistry; Nuclear Defense; Nuclear
; Forensics
C \
Specialized PhD Minor Degree >Education
Modules Program program Major )
>
1+10 years

Singapore’s Decision on Nuclear Energy National Commitment on Nuclear Energy



e
Contributions to Urban Q? NUS

National Un
of Si ngapore

Solutions

UNIVERSITY TOWN: Received the
Pl_atm U rd Green Mark for Districts Award (Gold
oo B ESEEE plys). In addition, University Town's

¢ Education Resource Centre received the
Green Mark for Buildings Award
(Platinum)

MOCHTAR RIADY
BUILDING: Received the
Green Mark for Buildings
Award (Gold) -

y < T-LAB: Received the
Green Mark for Buildings
Award (Certified)

Q‘,f\ GREEN MARK /

Certlfled Award

Source: http://www.bca.gov.sg/greenmark/green_mark_buildings.html
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NUS

Institution of Higher Learning

Solar
BE® Energy
Nllujsty Research
Stsigapors Institute of
Singapore
Centre for
B 95 B _
ﬁ%&lﬁﬁ " g Sustainable
UNIVERSITY I 'y Energy

o
-

Research g

Private Sector

VEStas GRENZONE
GlObaI W| nd Contribute to a Greenar Earth
Energy R&D
Centre @ BOSCH Solar System

Integration
Organic PV Development
R&D Centre

o

eCollaborations

95 U

of Singapore
Public Sector

Agency for 14 Research Institutes including:
Science, Technology ; )
and Research * Experimental Power Grid
e (@ICES)
/// - Sustainable Manufacturing
E
mgﬁgry Centrg (@SIMTech)_
AUTHORITY » Institute of Materials Research
Smart Enerqy, Sustainoble Future & Englneering
» Institute of Microelectronics
‘ HOUSING &
i} DEVELOPMENT _ . . : :
: BOARD Building and Construction » AUIW

9 &ATLANTIS A

ESOURCES CORPORATION
Global Tidal R&D Site

7.
.GasHub- OH

FUEL CELL SYSTEM

rf,'zun

Fz':mfag.lbs

Fuel Cell R&D /

Fisnl

REC

Solar R&D

Fuel Cell R&D

53



New Opportunities - Potential
Research Areas for collaborations

*Energy Security Options:
* Natural Gas
* Waste to Energy
* Solar
* Biofuels

* Nuclear
* Enhance Energy Efficiencies
* Increase Electrification for
Urban Mobility
* Use more climate —neutral
energy sources for built
environment




Regional and International
Collaboration is the key success factor




: SANUS
Summary Zero-Carbon Energy Kyoto 2010 C‘j e

« ASEAN population ~9% of the World’s Population
« ASEAN Natural Energy Resources are limited
 Singapore - no natural energy resources

 Singapore - an International Energy Hub

 Singapore’s strong commitment to invest and engage
institutes of higher learning, public and private
collaborations for advances in energy and environment
solutions

* NUS is plugged into the system to contribute



Summary Zero-Carbon Energy Kyoto 2010

Vision Singapore — One of the best livable cities on earth
::f::tgic Energy and Sustainability Education and.Research

Research Energy Efficiencies/Waste to Energy/Solar Fuels/Smart Grid
Thrust /Bioenergy/ Nuclear Energy

« Energy and Environment Sustainability are.global
Opportunities societal chaIIeng_es
R -« The next step is for us to work together cross
culturally and adopting multidisciplinary education and
research to enable. new solutions




National University
of Singapore

THANK yoUu

seeram@nus.edu.sqg




