Hydrogen Economy and Technology
Roadmap (HETR)
2022-2030

National Nanotechnology Centre Division (NNC),
Ministry of Science, Technology and Innovation (MOSTI)

Technology and Innovation Conclave 1.0
24-26 September 2024, New Delhi, India

CATAMBAN WyUTY YY"
KEMENTERIAN SAINS,
TEKNOLOGI DAN INOVASI
MINISTRY OF SCIENCE. TECHNOLOCGY AND INNOVATION



INTH“ n “ cTI n “ N “ c Technology and Innovation Conclave 1.0
MISSION VISION

Nanotechnology for Sustainable Driving National Nanotechnology Policy and Strategy
Development of Science, Technology, through Continuous Strengthening in R&D Management,
Industry and National Economy National and International Cooperation,

and Awareness Program

MAIN FUNCTIONS AGENCY UNDER
National Reference Center for coordinating activities N N C M OSTI

Research Development and Technology Development/
Products as well as Safety Standards and Regulations

related to Nanotechnology and Advanced Materials in Malaysia @ NANOMALAYSLA®

(i) Implementation of National Policy, Strategy and Roadmaps

(ii) Advances in research and development (R&D) of nanotechnology

(iii) Technological development and innovation of nano products

(iv) Coordination of the development of standards and regulations related to nanosafety
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HYDROGEN ECONOMY: CASE FOR CHANGE IN MALAYSIA
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[1]MPOB Palm QOil Development No. 72. 2020.

[2]Perspectives on Hydrogen in the APEC Region. Asia Pacific Energy Research Centre. 2018
[3]National Energy Balance 2018

[4] Department of Statistics Malaysia 2020.

[5] Global figures derived from 80 EJ projected hydrogen demand in 2050. Hydrogen Scaling Up. Hydrogen Council 2017.

[6] APAC, ASEAN and Malaysian figures derived from Table 2.8 Hydrogen Energy Demand in APEC Economies (in Nm3). Based on 7% energy mix

hydro

To increase the revenue & productivity in
exports, mobility, power generation,
industrial heating and non-energy

To push for green growth aspirations in
transportation sector (light vehicles,
pickup trucks, buses, heavy vehicles)

To cement Malaysia’s position as the key
oy hydrogen player in Asia Pacific

To strengthen the labour market by
creating job opportunities from the

en econom

To increase national intellectual capabilities
and capacities in hydrogen technologies

scenario, BAU, no intervention from the government. Perspectives on Hydrogen in the APEC Region. Asia Pacific Energy Research Centre (APERC). 2018.

[7] Refer to page 16

2050 Potential Economic Value of
Hydrogen, in USD Billions!>l(®]

Blue hydrogen as a transition through CCUS to reach the
ultimate goal of green hydrogen.

Potential in POME biomass of approximately 65 million tonnes
per yearll

Hydropower as the means to achieve 31% RE capacity mix.
Untapping RM 7.7 billion hydrogen potential in 2050 [,

Malaysia 8x, 24.80
Malaysia 4X, 12.40
Malaysia 2X, 6.20

BVvalaysia, 3.10 _ BAU

Transportation constitutes 36.4% of the final energy use by Outlook on the transportation sector
sector in Malaysia B! 9.‘ =5
Global trend to phase out internal combustion engines in BNl 10.5 Mtoe (2040)
major cities will be the underlying force for Malaysia to adopt vebicles (2040)

cleaner transport fuels.

Hydrogen demand from transportation sector is forecasted to
reach RM 3.7 billion in 2050 (1.

-=E='

10.8 Mtoe (2040) 4.7 Mtoe (2040)

Malaysia as a potential hydrogen exporter in South-East Asia to
fulfill hydrogen demands from APAC.

Japan, South Korea and China as the main importer of hydrogen. - b
Opportunities of USD 81.12 billion in 2050 equivalent to USD 81.12 billion
249,271 ktoe?l. opportunity in 2050

| 2020 -5.6%
GDP 2019 4.4%

& 2020 711.0
unempLovment 2019 508.2k

E 1,561 A 121

The COVID-19 pandemic has disrupted the economic growth of
Malaysia to -5.6% in 2020 and increased unemployment up to
711,000 in 2020 compared to 508,200 in 2019 I,

Hydrogen economy provides opportunities to rejuvenate our &
economy as well as to create new jobs in the future.

Since 2000, 1,561 hydrogen related publications have been
published, while research funding related to hydrogen stands at

121 projects since 2006 [, Research Research
The trends shows that Malaysia is actively building its national Publications Funding
intellectual capabilities and capacities in hydrogen technologies, CAGR 7.0% CAGR 25.0%

creating talents and intellectual property rights (IPRs). (2015-2020) (2015-2020)
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Hydrogen Economy and
Technology Roadmap (HETR)

Vision To be a leading Hydrogen Economy country by 2050 while achieving the world’s decarbonisation targets

Mission To develop a robust and competitive ecosystem across the hydrogen value chain through accelerated technological advancement

Goals

ST1 ST2 ST3 ST4 STS
Strengthening governance Facilitating enabling Accelerate commercialization Capacity development Communication,
Strategic system, Institutional environment and economic | of technology to enable export and capability Education, Public and

IO  framework and regulatory instruments and domestic uptake enhancement Awareness
mechanism

5 Strategic Thrusts, 9 Strategies and 29 Action Plans




OVERVIEW OF THE HETR STRATEGIC THRUSTS AND STRATEGIES
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2 Strategies
* 8 Action Plans

ST1:

Stgf:f::::ci:g Institutionalising and strengthening the National
system, Hydrogen Governance and Ecosystem
institutional Strengthen regulatory framework, existing

framework, and
regulatory
echanis

policies/act and legislation

» 1 Strategy
3 Action Plans
*  Enculturation and

Acculturation of
Hydrogen Economy

ST 5:
Communication,
Education, Public
and Awareness

* 3 Strategies
* 10 Action Plans

ST2:

Facilitating
enabling
environment
and economic
instruments

Acceleration of Hydrogen Economy
adoption by local industry sector
Accelerating transition to the circular

Strategic
Thrusts

economy
Low Carbon Hydrogen contributing
to GHG mitigation strategies

* 2 Strategy
e 4 Action Plans

* 1 Strategy
e 4 Action Plans

ST3:

Accelerate
commercialization
of technology to
enable export and
domestic uptake

ST4:
Capacity

Building a competent and

adaptive talent on

development and
Hydrogen Economy

capability
enhancements

Advancing Research Development
Innovation Commercialisation and

Economy through Build-Some and
Buy-Some
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Overview of the Hydrogen Economy and Technology Roadmap (HETR)

12th MP — 13th MP 14 MP - 15" MP 16 MP — 17tP MP

Phase 1: Initiation, foundation & demonstration of Phase 2: Development of domestic market &  Phase 3: Expand & sustain growth and
domestic market & export continue export export’s market share

* Develop targeted commercial scale production and
end-use projects (e.g., plant upgrades, H2-end use
product plants, hydrogen powered industrial cluster,
hydrogen infrastructures etc.), for domestic and
export markets

* Attract further investments & interest to build
commercially viable projects

. Formulate and adopt policies on Hydrogen Economy

. Focuson competitive, small & commercial scale practical
domestic projects to demonstrate feasibility

. Establish the back-bone for domestic hydrogen demand while
export business is on-the-goto targeted countries

Build portfolio of domesticand export

volume with a healthy stream of hydrogen
projects from different type of hydrogen
(blue, green, turguoise)

Cost-Effective Hydrogen System Alternatives
to be Deployed in the Short-term period
using “Many of Small” principle
Solid-State Hydrogen Carrier (NaBH,)
Liquid Carriers — Ammonia (Storage &
Transportation)
Metal/Chemical Hydrides

Standards & Legislation
Established technical
code standards and

legislations \

Research Development
Innovation and Commercialisation
Build-Some & Buy-Some through

Hydrogen Hybrid Energy Storage System
(Mobility)
On-Board Hydrogen Reactor (Mobility)

I
I
- e A I
On-Board Hydrogen Composite Tank ConHERE public/private Capacities & |
(FCVs) partnership & ldevelopment Capabilities "
Stationary Electrolyser/Fuel Cell (Power) of local expertise | ket 1
e employment & :
ass Mar i
Technology ‘:cceptab“"“f Governance and Fcosystem sillsets O T CRpugy
Tecl'}nol_og‘! deployment £y Established B2B & G2G partnerships :
validation with importing & exporting I
countries 1 _
2022 2030 2040 2050

— Hydrogen becomes an integral energy mix in Malaysia —
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IMPACT OF THE HETR IMPLEMENTATION IN MALAYSIA
Short term (2024 —2030) Mid term(2031 —2040) Long term (2041 -2050)
USD / kg Grey Hydrogen : To be phased out Blue Hydrogen : USD 4.64/kg Blue Hydrogen : USD 5.62/kg
Hydrogen Production Blue Hydrogen : USD 3.71/kg Green Hydrogen : Green Hydrogen :
Cost Green Hydrogen : USD 2.63/kg (Solar) USD 1.45/kg (Solar)
USD 4.82/kg (Solar) USD 2.25/kg (Hydro) USD 2.11/kg (Hydro)
Py USD 2.50/kg (Hydro) USD 1.72/kg (Biomass) USD 1.72/kg (Biomass)
ps USD 1.72/kg (Biomass) USD 1.30/kg (Biogas) USD 1.25/kg (Biogas)
USD 1.35/kg (Biogas)
% GHG Reduction - Long-term strategic goal is to utilise Green Hydrogen
Environmental BAU: 0.4% GHG reduction BAU: 3% GHG reduction BAU: 6% GHG reduction
Contribution EDS: 1.3% GHG reduction EDS: 8% GHG reduction EDS: 15% GHG reduction

RM Revenue Generation * Industrial Use (Non-Energy and Heat) RM 7.4 billion Industrial Use (Non-Energy and Heat) RM 37.1billion Mobility and Industrial Use (Non-Energy and Heat)

* Industrial Use (Non-Energy and Heat) RM 12.1 billion « Industrial Use (Non-Energy and Heat), Power and RM 151.7 billion
@’J » Capturing 10% of the hydrogen demand from Japan, Mobility RM 151.8 billion * Power, Mobility and Industrial Use (Non-Energy and
[l [I I]l South Korea and Singapore resulting in revenue of » Potential and competitive hydrogen export hub generating  Heat) & Marine RM 367.7billion
' RM20 billion revenue of RM219 billion * Position Malaysia to be a major exporter in APAC and

generate revenue of RM409 billion

Technology Agenda + Available technologies to demonstrate, scale-up and * Increase in the targeted conversion efficiency of the * Mass deployment in targeted renewable energy sectors

deploy first (Build Some) technologies across the hydrogen economy value chain (e.g.: solar, hydroelectric, biomass, OTEC)
@ » Complementary external technologies & solutions to be
o procured (Buy Some)

Infrastructure =) » Export terminal technologies and hydrogen transport * Hydrogen used as energy storage in addressing the » Utilise hydrogen in the mobility, industry (non-energy and

and Utilisation H technologies between production sites and export deployment of variable renewable energy (VRE) heat), marine, commercial and domestic sector
terminals. » Utilise hydrogen as co-blend fuel for power generation

» To pilot utilisation of hydrogen as co-blended fuel and mobility

Business-As-Usual 168,000
Emission-Driven 211,680

Job Creation
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) MALAYSIA PARTICIPATION AT INTERNATIONAL LEVEL I

UNIDO - Global Clean H,
International Renewable Energy IPEF Hydrogen Supply Chain Programme and Malaysia's Child
Agency (IRENA) Workstream Project

INDO-PACIFIC ECONOMIC FRAMEWORK
FOR PROSPERITY

N L
7 *

Global Clean Hydrogen Programm
The production &

' 1 f

= L it application of

e . e T LTI TCOE TS hydrogen in

Tl ?' g2t 3 +  Industrialand
) 9 5

transport sectors

Australia Brunei Fiji India
N o . =
Wcogy&\rc .
Enhancing
Indonesia Japan OK Malaysm + Mottt
capacities
* Policy frameworks
A Y:chcr:oi:an‘;eadwne'.
- E * Financialmechanisms
Jew Zealand The Singapore The United

thppmes States

Vietnam Thailand

Mrs. Gauri Singh, Deputy Director
General IRENA during Hydrogen
Power Talk 2024

RENA IPEF [

Boosting uptake of clean hydrogen in developing countries, to ensure their net zero development with social benefits.

B/
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ACTIVITIES UNDER IMPLEMENTATION HETR

| RN

Visit to Fukushima Hydrogen 7

Energy Research Field (FH2R), Visit to PETRONAS Reserach
JAPAN Sdn Bhd (PRSB), Selangor

4 Visit to Yamanashi
B Hydrogen Company, JAPAN

FE | .
PEETY 1 17 1 e O
AR RS S

HETR Roundtable Series 1 2023 Demonstration of Hydrogen Recharging Unit (MHRU) and
at CAPE, Permata Sapura KL Bukit Jalil Toyota MIRAI at Complex C, Putrajaya

Beyond Zero Initiative,
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ACTIVITIES UNDER IMPLEMENTATION HETR

REGULATIONS AND STANDARD RELATED TO HYDROGEN

Version: 23 11.2023—Act uncommenced

ISO/TC 197

o Hydrogen

technologies

36 18

Participating members Observing members

Korean
HYDROGEN ACT 2021

South Australia
Hydrogen and Renewable Energy Act 2023

An Act to facilifate and regulate the generation of hydrogen and renewable energy in the
State and of the State, fo to the Mining Act 1971,
won-do: the Pastoral Land Management and Conservation Act 1989, the Petroleum and

. ing i
Liquefied hydrogen storage Geothermal Energy Act 2000 and the Planning, Development and Infiastructure Act 2016,
and transportation

and for other puspeses.

Contents
Part 1—Preliminary
Short title
6 sangbuk-do : 2 Commencement

1
jen fuel cells : e n
rog 4 Dvepremg Published ISO standards -
6

Appliaionof A<t
ction with other Acts
of which 19 under the direct
responsibility of ISO/TC 197

Incheon:
A mygmmgen and
Vi Kgmgen

26

ISO standards under
development *

Part 2—Preliminary investigation of renewable energy resources
Jeollabuk-do:
Green hydrogen
production

Division 1—Minister may explore Tenewable energy resources

Ulsan:
7" Hydrogenmobility 7
Division 2—Renewable energy feasibility permit

8 Renewable energy feasibiliy permit
9 ‘Term and renewal of permit.

Part 3—Release area

of which 24 under the direct
responsibility of ISO/TC 197

Minister may explore renewwable energy resources

10 Minister may declare release area
Gyeongsangnam-do: 11 Call for tenders for renewable energy feasibility licence
n

qu:nd hu cm;"g‘ Part4—Licensing

Division |—Requirement for licence

12 Regulated activities
13 Requrement for licence

Division 2—Licence categories

Subdivision I—Hydrogen generation licence

https://www.mdpi.com/2071-1050/13/19/10686 B T ot

[Press Release] Cabinet Decides on Hydrogen Society

Promotion Bill and CCS Business Bill (2024/2/13)

B8 2024-02-13 "D 2024-06-20

Malaysia's participation as a Participating Member in
the 4th quarter of 2024

Technology and Innovation Conclave 1.0

TUV RHEINLAND Standard H2.21
Renewable and Low-Carbon
Hydrogen Fuels

[Version 2.1/ March 2023]

Korea's Clean Hydrogen
Certification Scheme

r H

+ Japanese government officials highlighted three new features of the refreshed
strategy:

= anew mid-term volume target of 12 million tonnes per annum by 2040 (a six

fold increase from current levels);

< a“pathway” to low-carbon hydrogen - aiming for 3.4kg of CO2 emissions or less

for 1kg of hydrogen produced;

= a10% target for Japanese companies’ share of the global electrolyser market.
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OSUMMARY OF HYDROGEN PROJECTS IN MALAYSIA
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STATUS OF HYDROGEN PROJECTS BY NANO MALAYSIA

o Q0
NGL g o UMT , POIC

TECH SRF project from UMT for green 5

. . ’ Methane generation from
Strategic Research Fund (SRF) project H2 generation from solar, wave B e
from NGL Tech company using isobaric and wind sources (under P
technology (to improve compression MRANTI)

energy efficiency)
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[ ]
Beaufort [ ]

Penang Port IF) <

o Fortescue.

13t Malaysia Plan Proposal for East Malaysia
- Hydrogen Hub/Aviation Ground Service Equipment Y

Lahad Datu Port

Bukit Tagar EnviroPark

=N

Secondary pilot project under the
Global Green Hydrogen Program (GCHP)

Kuantan Port

TECH

6 ‘ Port Klang }K . » Rural electrification
,IIIGL el m - through solid state
“TRONAS Integrated Logistics % = ‘ \ - - hyd rogen

Solutions Sdn Bhd

Sustainable Hydrogen gas and Integrated Logistics
collaboration in the MHRS initiative for FCEV garbage trucks

M’ I ‘I Discussions between MITI and MTI Singapore for the
implementation of MOU for cross-border movement

s between Malaysia and Singapore for FCEV trucks

BCN M4 REFOR

A Company by MMM Energy

SRF project from BCN SmartTech company using green methanol
renewal using MMM Energy technology from Spain

i * Johor Port Slide courtesy of @ NANOMALAYSIA




STATUS OF HYDROGEN PROJECTS BY GENTARI

Gentari is leading the development of Malaysia’s hydrogen economy
by establishing three key clean hydrogen hubs

Establishment of 3 clean H, hubs to position Malaysia as the leader in the clean hydrogen sector in the region through
strategic partnerships and decarbonization infrastructure development

(‘i Kerteh

By 2028: 8 ktpa * Focus: Decarbonisation of existing
(i) Project Kronos PETRONAS’ asset & global export of
(i) Project Unagi - green chemical (e.g., methanol,
ammonia etc.)
» Key leverage: Value integration
with existing PETRONAS assets.

Py ©

By 2030: >75 ktpa
Project Harmony

N =
» Focus: Initial export to Singapore By 2029: 12 ktpa ' S Bintulu

via a pipeline to develop production

infra prior to domestic (') Proj?Ct Caesar = Focus: Supply of green hydrogen for existing
decarbonisation (ii) Project Mhydas investors

= Key Leverage: Proximity with * H2ornbill: supply of green MCH to Japan;
Singapore (highest willingness-to- » H2biscus: supply of green ammonia to S.
pay in SEA) enable direct hydrogen Korea; domestic, i.e.: decarbonizing
delivery petrochemical industries in Sarawak and for

hydrogen based public transport in Bintulu)

¢

MNote: Capacities are for clean Hydrogen S"de Courtesy Of gentcrl
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100ktpa of green H2 production by 2030 will boost GDP by RM500
Mil, create ~3,600 jobs and lower GHG by 1.1MtCO2e/year

E JOB CREATION % INVESTMENT

~3, 600 direct and >RM1 2.0 bi’
indirect jobs created in clean Total investment value for end-
Hydrogen by 2030 from - pply chain covering

le energy plant,
n plant and
rtation

development of the 3 hubs

% GDP CONTRIBUTION

@ DECARBONISATION

1.1MtCO2e / >RMO.5 Bil
Estimated GDP growth post 2030
yea I~ to decarbonize existing to the Malaysian Economy

SMR based Hydrogen Production
Conducting a comprehensive study on the economic impact will give further clarity to the economic benefits

Note: This is an internal estimate by Gentari Hydrogen using the UK Hydrogen Taskforce report . )
Slide courtesy of gentari
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Challenges: Projects need to overcome key challenges of green electrons
and regulatory frameworks to materialise

Levelised Cost of Hydrogen in Peninsular Malaysia
exceeds Customer’s willingness to pay Challenges

AVAILABILITY OF GREEN ELECTRONS

While the current GET program provides immediate
solution for sourcing of RTC green electrons, green H2
projects require significantly higher and more future-
proof source of green electron

Breakdown of Levelised Cost of
Hydrogen, $/kg

$1.00

~10%

$1.50 + Green power import (e.g. from Vietham)

+ Long-term subscription of REC

~15%

COMPETITIVENESS OF GREEN ELECTRONS

Electricity cost accounts for~75% of the LCOH. To bridge

the price gap, a tariff of RM0.25 - 0.30/kWh is
necessary.

$£7.50

+ SELCO of adjacent ground-mounted solar

~75% + National Energy Transition Facility support

FRAMEWORK AND REGULATIONS

Given the nascency nature of green H, projects,
facilitation on land procurement, licensing matters
and regulatory approvals are required to ensure
successful project delivery.

Electricity CAPEX Other LCOH Customers’ Grey H»
cost OPEX & W2P for
Tax green H,

Note: Current TNB+REC tariff of RM0.53/kWh

+ Single-window application
Slide courtesy of gentari
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ank You

Terima Kasih

National Nanotechnology Centre Division (NNC)
Ministry of Science, Technology and Innovation (MOSTI)
Level 4, Block C7, Complex C, Federal Government Administrative Centre, 62662 Putrajaya, MALAYSIA
Tel : (+603) 8885 8661
E-mail : ismarul@mosti.gov.my

o National Nanotechnology Centre Malaysia

lm' nncmosti
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