Towards A Carbon Free Future
The Challenges & Opportunities

Dr. DING Ovi Lian
Program Director (Fuel cell)
Energy Research Institute @ Nanyang Technological University




ADPAN

Selected Recent Climate Anomalies and Events
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IPCC recent report states that the plaﬁet could surpass 1.5° C marker as early as
2030 and no later than mid-century

Sources: 1. Adapted from NOAA’s State of the Climate Reports, 2. Mothership.org, October 2018
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Energy Trilemma Index

ENERGY EQUITY

@
ENVIRONMENTAL ENERGY
SUSTAINABILITY SECURITY

Energy security: Effective management of primary energy supply from domestic and external
sources, reliability of energy infrastructure, and ability of energy providers to meet current and future
demand.

Energy equity: Accessibility and affordability of energy supply across the population.

Environmental sustainability: Supply- and demand-side energy efficiencies, and
development of energy supply from renewable and other low-carbon sources.

Contextual performance: Elements that enable countries to effectively develop and
implement energy policy and achieve energy goals
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Energy Trilemma Index - Asia

Asian Countries

Australia (38) Japan (30) Pakistan (103) Azerbaijan (27)
Kazakhstan (72) Philippines (74) Bangladesh (107) Korea (35)
Singapore (19) Cambodia (117) Malaysia (37) Sri-Lanka (89)
A China (78) Mongolia (111) Tajikistan (92) Hong Kong (34)
Nepal (118) Thailand (75) India (88) New Zealand (8)

Vietnam (83) Indonesia (71)

e Asia accounts for ~ one-third of global GHG emission (more than EU and US
combined)

« Asia has the world second largest population without access to electricity

« Rapidly growing energy demand, import dependence, trade policies and weather
change raises concerns for energy security and energy sustainability

« Singapore ranks 19 out of 125 countries, scoring C@ A©® A©
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Source: World Energy Trilemma Index 2018, World Energy Council
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IPCC Recommendations

; (Britain—
+ 10 to 28% electricity savings
for office appliances via
behavior change
» 8 to 27% energy savings by

\ moving to smaller homes
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* 3.4% reduction in greenhouse gas emission
by insulating buildings and sealing drafts

* 6.1% reduction in greenhouse gas by
switching to fuel-efficient vehicles and tyres

» 48 to 77% less vehicle kilometers by
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« Effective use of air-
conditioning and
ventilation

* Reduce transportation
emissions by
walking/cycling short

\ distances

that contribute 80% of Singapore’s
greenhouse gas emission

4/

Singapore - \
* Stop further increases in greenhouse\/
gas emission by 2030
* Reduce emissions intensity by 36%
from 2005 levels by 2030
» Achieve above by improving energy
efficiency in the industry sector, which
is more than half of the country’s
emission
» Carbon tax scheme to be rolled out
next year for 30 to 40 large emitters

Source: Adapted from https://www.straitstimes.com/world/key-points-of-ipcc-report
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Recent Events

HYdrogen POwer THeoretical & Engineering Solutions International Symposium

HYPOTHESIS XIIl 2018 c"

24-27 July 2018, Singapare ®107 3

Hydrogen for Future

www.hypothesis.ws
Plenary Speakers
Prof. John W. Sheffield Prof. Mao Zhonggiang Prof. Ken Okazaki
¢ Purcue Universizy Q INFT, Tsinghua University Tokyo Instiute of Techology
USA China . Global Hydrogen Energy Unit
) i {/ Japan
‘x@ “Global trends of u “Chinese hydrogen situation “Pushing forward of
the hydrogen economy” ‘ N - and vision” hydrogen road in Japan”

International Symposium 4-Party MOU Signing

Hydrogen is back!
It's only a matter of time when the use of hydrogen will be widespread.
But how do we adapt to our existing infrastructure?
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Hydrogen - A Universal Energy Carrier with Multiple ApplicationsS

As a large scale energy storage

« Perform grid services (frequency control,
ramping etc.)

» Cleaner cooking and CHP applications

Gas Infrastructure

Power Generation

« Alternative clean fuel for land, air and
sea transport, riding on gas grid
* On-board back-up for trains

P
Hydrogen Storage
| Distribution

Flectriclty Grid « Refine crude oil

« Syn-gas as feedstock for chemical
_ plants

Fue] reiery &

Chemical Industries

Nucl\eér ‘
Electrolyser « Hydrogen carrier for long distance transportation
* Fertilisers and other usage

Ammonia
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Challenges & Opportunities

Use of Hydrogen in Current Gas Network and Usage

Co-generation plants
Gas stoves

Stirling motor

Fuel cells
Appliances Condensing boilers
Fan burners

Gas burners

CNG tanks

Engines
Odorisation
Pressure regulation
Measuring Gas chromatographs
and control Quantity transformers
Diaphragm meters
Turbine meters
Ultrasonic meters
House installation
Valves

Gas flow detectors
Distribution Connections
Seals

Plastic pipelines
Steel pipelines
Storage installations
Storage Tanks
Pore storages

Cavern storages
Compression stations
Transport Gas turbines

Transmission pipelines

W H2 blending uncritical

m Adjustment and modification
needed

™ Further research needed

=]

10 20 30 40 50 60

5 to 15 % vol. of hydrogen blending is viable without significant increase in risk associated with gas
blend utilisation, overall public safety, or the durability and integrity of the existing gas network

~

0

Source: IEA Technology Roadmap, Hydrogen and fuel cell, 2015; Blending hydrogen into natural gas pipeline networks: A review of key issues, 2013



Ranking
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Challenges & Opportunities

Transportations

# 2014
#1 €&
PORNN 2
#3

#4 #4
PR #5
YR #6
+7 €U
28 (1
#9 €8
#10 #10
#11 G

2015

#1

Percentage of executives rating a
trend as extremely important

2016 2017

#1 #1 #1

Fuel cell electric vehicles (FCEVs)
Connectivity and digitalization
Battery electric vehicles (BEVs)
Hybrid electric vehicles (HEVs)
Market growth in emerging markets
Creating value out of hig data
Mobility-as-a-service/Car sharing

Autonomous and self-driving cars

Platform strategies and
standardization of modules

Downsizing of internal
combustion engines (ICEs)

Rationalization of production
inWestern Europe

FCVs will lead the trend till 2025

49%

44%

40%

06000600000

o

APANM

(BEVs) Battery Electric Vehicles

& will fail due to infrastructure challenges.

A

bsolutely agree pri/A

Partly agree  ELFA

Neutral AN

12% Partly disagree

6% Absolutely disagree
@ (FCEVs) Fuel Cell Electric Vehicles

will be the real breakthrough for electric mobility.

Partly disagree 5% .

Absolutely disagree 1% I

FCVs has a brighter
future than BEVs

Source: Global Automotive Executive Survey, KPMG, 2017
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Challenges & Opportunities

Hydrogen Sources and Transportation

Renewable

Dil Trangited, 2013 (Mdb) ~ +
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Singapore, a potential H, trading hub -
7 j { ; # ° Gateway to Asia
“Annual Traffic (2005) . | e I \ JA 2 - Amajor trading hub
" L T / « Home to 3 largest oil refinery
FEIONmE. - , s iapefiGoodiHopl © A global and trusted platform to demonstrate
! . and export technologies

J

wwwviewsoftheworld net
Map created by Benjamin Hennig

Hydrogen can be the next black gold
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Challenges & Opportunities

Hydrogen Sources and Transportation

hydrogen

Hydrogen Planti @200Bar

US$ 5.6/kg of H,’
ammonia value chain
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>1000km : Pump to customer price:
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Cracker

Ammonia
Feedstock

Pump to customer price:
US$ 3 to 6/kg of H,2

methanol value chain

Methanol

Pump to customer price:
Feedstock

US$ 34/kg of H,®

Hydrogen can be transported in different medium
Price will determine the preferred route

Price obtained from interviews conducted with supplier
2. Based on 400 m3/h @ atm, 12 h/day, 365 operation 11
3. Price obtained from supbplier
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Challenges & Opportunities

Others

High temperature electrolyser
« Highly efficient, durable and cost effective solution to be developed and reach commercial
stage

Low temperature electrolyser
« Durability and cost effectiveness need to be further improved

Safety

« Establish safety guidelines and approach for hydrogen applications

Mindset

« Further education on hydrogen required
« Demonstration project can be a possible tool

IEEJ © 2018

12



IEEJ © 2018

Questions & Answers

Let’'s work towards a carbon free future

Power Value Added
Generation Applications
Electricity Hydrogen/

Wind Grid

‘.'.‘-u‘

Natural Gas
Solar PV

Infrastructure

Hydrogen
Storage/
Distribution

Hydrogen
Vehicle

Synthetic
Fuels

Natural Gas/
Coal

NO[LY140d5

Upgrading
Qil /
Biomass
\aliizhy/
Nuclear,
Thermal,
Geothermal, etc.

Ammonia/
Fertilizer

Hydrogen

Metals
€O, Generation

Other Refining
End Use
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