IRENA insights

WEBINAR SERIES

Global Hydrogen Trade to Meet the 1.5°C
Climate Goal

Presenter: Herib Blanco, Analyst — Hydrogen Energy (Power to X)

TUESDAY, 20 September 2022 ¢ 10:00-10:30 CEST

IRENA
International Renewable Energy Agency



IRENA insights

WEBINAR SERIES

SPEAKERS

////

Herib Blanco
Analyst — Hydrogen
Energy, IRENA

IRENA
International Renewable Energy Agency



IRENA insights

WEBINAR SERIES

2y IO

IRENA
International Renewable Energy Agency



IRENA
Trade within the broader hydrogen landscape insights

WEBINAR SERIES

Supply I Trade ] Demand

IBIRENA
EIeCtrOIySiS a ®®IRENA B IRENA B IRENA DARENA
GREEN
HYDROGEN Geopolitics of the
cos‘r Energy Transformation
The Hydrogen Factor
REDUCTION

]

INNOVATION
OUTLOOK
RENEWABLE
AMMONIA

INNOVATION
QOUTLOOK

REACHING

Z E RO

WITH RENEWABLES
Y/

A AMMONIA ENERGY

L :
Sector coupling
I8 RENA IR OB RENA
» e
RENEWABLE e e
GLOBAL HYDROGEN TRADE TO GLOBAL HYDROGEN TRADE TO GLOBAL HYDROGEN TRADE TO >
Po“:ﬁsiaﬁm?s?fﬁg MEET THE 1.5°C CUMATE GOAL MEET THE 1.5°C CUMATE GOAL MEET THE 15°C CUMATE GOAL = :[:i & l
HYDROGEN: ) — —
TRADE OUTLOOK FOR 2050 AND WAY FORWARD | GREEN MYDBOGEN SUPRLY COS AND POTINTIAL B
A RENEWABLE 5
ENERGY PERSPECTIVE
Report prepared for the o
2% Hydrogen Energy Ministerial Meeting .
inTokyo, Jopan * 0

%EE'S%ONS Cross I POI'CleS
OUTLOOK

cutting

CBIRENA S@IRENA TIRENA

S | GREEN, | GREEN.,

A GUIDE TO POLICY MAKING

lBReE

J POLICY MAKING

Europe

A GUIDE TO POLICY MAKING

A

Version: J

PREVIEW

I u Japan
|




IRENA
Outline insights

WEBINAR SERIES

1. Technology options for long-distance transport
2. 2050 outlook

3. Short-term actions
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Past and today Future
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Future hydrogen demand needs to unlock new applications in industry and long-
haul transport
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Scope of this report
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Additional processing steps are needed to transport hydrogen which increase the
efficiency losses and costs
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Ammonia * Commercial (production/shipping) ¢ 13-34% losses for reconversion
* Existing infrastructure * Low flexibility of synthesis
* High energy density + direct use e Toxic and corrosive
Liquid Organic Hyd rogen * Low capital costs e 25-35% losses for dehydrogenation
o (LOHC) * Could use existing infrastructure * 4-7% wt of hydrogen content
eliEls * Need for compression and
purification
Liquid hyd rogen e Largest energy consumption at * Boil-off losses / high CAPEX
exporting country * Need for scaling up technology
* Commercial technology * 30-36% losses in liquefaction

Ammonia seems to be the most attractive carrier to start trade by coupling with a
certification scheme and using it directly (i.e. without reconversion to hydrogen)
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Project size (MtH,/yr)
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Ammonia ships and hydrogen pipelines (especially in places with an existing
network) are the most attractive options. Ammonia can be used directly as chemical
feedstock and bunker fuel for shipping
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Hydrogen transport using ammonia
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Economies of scale is the largest lever for cost reduction but innovation, learning
from deployment and global supply chains are needed to achieve the lowest costs
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About a quarter of the global hydrogen and ammonia supply is traded, roughly with
a 50/50 split between ammonia ships and pipelines, 70% of ammonia used directly
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Economic

o Access to finance

o Capital availability

o Ease of doing
business

© Resource quality
and amount

o Distance to trade
partners

Industrial and
hydrogen ecosystem

o Hydrogen
applications

o Hydrogen
production

o Hydrogen
infrastructure

o Ports

o Partnerships and
alliances

o Role of hydrogen in
existing scenarios

o Size and pathways
for hydrogen
projects and pilots

o Current energy mix
and GHG mitigation
targets

© Renewable power
share and targets

B o Infrastructure

regulation

o CAPEX and OPEX
support
mechanisms

o Incentive schemes
(for market
creation, long-term
signals, bankability
of the projects)

o Certification and
sustainability
criteria

o Permitting

* Small energy
importers today
becoming large
hydrogen exporters

* Oil and gas
exporters pivoting
to hydrogen
exporters

* Renewable leaders
becoming hydrogen
exporters

o Fossil fuel importers
becoming hydrogen
importers

Political

© Government
stability

© Public support

o Government
transparency

o Trade relations

Technical

o Experience
developing similar
projects

o Availability of
human and
technological
resources

o Patents and R&D on
hydrogen

o Substitutability of
the imported
energy carrier

o Domestic capability
for equipment
manufacturing (e.g.
electrolysis)

Trading dependence

© Number of
(potential)
exporting countries

© Number of
(potential)
importing countries

o Share of largest
importer

o Share of largest
exporter

o Transportation risks
(transit route)

Trade will most likely be defined by factors beyond the cost differential so a cost
optimization approach might not provide an accurate outlook




Certification is essential for sustainability, market
creation, economic incentives and global trade
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Parts of the value chain

Dimensions covered

Cross-cutting
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Virtual trading

— Certification should go beyond production

~ There are already separate efforts to

Final goods
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International co-operation
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Stage 3

~ certify some of the hydrogen derivatives

— Certification should go beyond CO, emissions

Clear distinction between methodologies
(objective) and labels (subjective)
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1. Ammonia and pipelines starting point
most influential parameters
CAPEX and WACC

hydrogen derivatives might be more relevant

4. Factors beyond cost could have a larger effect on trade
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THANK YOU FOR JOINING US!

SEE YOU IN OUR NEXT WEBINARS
www.irena.org/events/2020/Jun/IRENA-Insights
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Technical potential for renewable hydrogen
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Hydrogen technical potential (EJ/yr)

@® Argentina @ Australia @ Brazil @ Canada @ China @ MENA region @ Rest of the world

Russian Federation @ Saudi Arabia @ Sub-Saharan Africa @ United States

Note: CAPEX, PV: USD 225-455/kW; onshore wind: USD 700-1070/kW; offshore wind: USD 1275-1745/kW. WACC per 2020 values without technology risks across regions. Potential
based on land availability considering protected areas, forests, permanent wetlands, croplands, urban areas, slope of 5% [PV] and 20% [wind], population density and water stress)

The green hydrogen technical potential considering land availability constraints is
still almost 20 times the global primary energy demand in 2050




Drivers and trade-offs of hydrogen trade
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Most countries can reach a production cost level of USD 1-1.5/kgH, by 2050 but
there are a handful of countries that do not have enough potential




. IRENA
Landed cost in Japan insights

WEBINAR SERIES

2 600
S 500
T
o
N ~
o 400 5
4 5
= e
< 300 2
8 )
:5 200 g
8 o
(%) ©
B 100 =
©
[ =
1o
= 0
‘é Australia China Russian United Chile India Japan
Federation States of Domestic
America
@ Electricity @ Electrolysis @ Conversion @ Shipping @ Reconversion @ Flow (PJ/yr)

In a future where innovation and deployment have brought (production and
transport) costs down, most countries have a small switching cost penalty



