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KEY MESSAGES

The Emerging Hydrogen Market ...

@ Essential in some sectors to achieve Net-zero

Market is developing more slowly than
anticipated

Technical and commercial challenges still
prevail

Focus on end-use/offtaker incentives is crucial
to accelerate developments

Nordic markets are well placed to play an
important role
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EMERGING HYDROGEN MARKET

Hydrogen could be crucial to decarbonise hard-to-abate sectors to achieve
net-zero, but is not a ‘silver bullet’

For long-distance

No alternatives for transport requires H, and

No industrial feedstocks A
. derivatives
alternative
[l INDUSTRY TRANSPORT
[ Ammonia/Fertiliser ] [ Methanol ] [ Refineries ] [ Steel ] Existing industrial
feedstock for Heavy trucks_ and
_ refineries, ammonia long-haul freight
Maritime Chemical feedstock Long-duration and oth_er chemicals Shipping (ammonia
energy storage production and methanol)
) ) . New process uses in Aviation (SAF)
iah- steel manufacturin
Aviation ] HDV trucks ] [Power generation][ Hli%r(;:setrggfr:aet:tre 9 @
f Costal and Mid/Low-temperature Rail Long-term energy
| river vessels industrial heat ) Industrial heat storage and Power-to-
) . Space heating Direct H, use in CCGTs
Light Light duty Commercial Residential heating Hybrid heat pumps & fuel cells
aviation vehicles heating ) Y pump Enabler of RES
b integration
Better @ @
alternatives HEAT POWER
available Electrification with heat

pumps may be possible,
but not for all end-uses
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EMERGING HYDROGEN MARKET

Costs remain high and uncompetitive for offtakers - FIDs are being delayed
and projects ‘shelved’

COSTS Policy and Incentives TECHNICAL/COMMERCIAL
Costs under-estimated — Too complex? o — RES costs and/or PPA costs
High inflation — Too restrictive? @ — Electrolyser costs high
Costs of capital — Targeted correctly? — Matching intermittency of RES

Supply chain — Scale of projects is large
development issues

Electrolysers are
increasing rather than

decreasing

Offtake markets not OFFTAKERS INFRASTRUCTURE
yet developed — Long-term offtake contracts — Power grid capacity availability
required

New and repurposed pipelines

Projects are being

— Willingness to Pay?
delayed or cancelled J Y

Hydrogen/Ammonia Storage

— Competitiveness Vs decarbonisation Port infrastructure for

exports/imports
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EMERGING HYDROGEN MARKET

REDIII requires adoption of Renewable H2 in industrial and transport sectors

but will not reach RePowerEU targets for 2030

EUROPEAN LOW-CARBON H2 SUPPLY-DEMAND

Mtpa demand and supply by 2030

20 Mt

~8 Mt

Local
production

RePowerEU target Demand, 2022

Source: European Hydrogen Observatory (EHO), GlobalData, IEA, Hydrogen Europe, S&P Global | (1) Based on median of 22 forecasts compiled by EHO | (2) IEA estimates higher FID volumes than

GlobalData (but similar FID percentage).
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~10 Mt

Additional
demand

RFNBO

baseline

Demand, 20301

. Renewable hydrogen
Low-carbon hydrogen
Any hydrogen
Grey hydrogen

10 Mt target of domestic green
H, supply unlikely to be met

Expected ~4 Mt Renewable
hydrogen use mandated in
industry and transport
sectors

CONSERVATIVE H, DEMAND BREAKDOWN

RFNBO bottom-up estimate, 2030

Total

Refineries

Ammonia

Iron & Steel

Chemicals
Heat I 0.1
Shipping
Aviation - 0.5

REDIII obligations require transposition into
national legislation

This may lead to different
interpretation/applications between countries

Penalties for non-compliance are uncertain

&) AFRY



EMERGING HYDROGEN MARKET

Although some offtake contracts are being signed there exists a wide
funding gap between ‘willingness to pay’ and supply costs

FUNDING GAP REQUIREMENTS REDUCE OVER TIME

m Green Hydrogen

H2 developers will initially need long-term , ® Funding Gap
contracts and subsidies to make the projects » Low Carbon Premium

bankable ®m Carbon Costs

B Current Fuel Costs

Offtakers’ ‘Willingness-to-pay’ is much less than
supply costs

REDIII obligations may ‘force’” adoption, but this ! I .
will depend on any penalties for non-compliance . I
Higher carbon prices would help close the gap - .

2025 2040
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EMERGING HYDROGEN MARKET

A mature market may take some time to develop but policies and support
could accelerate the process

POSSIBLE HYDROGEN MARKET DEVLOPMENT

Volume No real market pre-2035
Mature markets

Market indices

+ Market areas

- Large volumes Some countries e.g. Germany likely to
* Alternative supply routes be reliant on imports and a market
could emerge at import hubs

Leap-

frogging?

+ Competition

Growth and integration of clusters

2 Local market pricing
+ More complex and larger supply-demand structures - - -
Isolat-ed hydrogfen hubs * H, grid extensions and interconnections between local H, hubs Am monia ma rket m ay be more I Iq ul d
1 Bi-lateral prices » H, storage capacity with third-party access th an a hYd rog en ma rket IN M ed ium
+ Co-location with demand

+ CO, transport and e-fuels infrastructure building up
» Captive H, hubs ? te rm

= Reliance on regulatory support
« Long-term contracts

+ Economies-of-scale picking up

Time

2030 2040 2050

Information will be essential to lead to
price information e.g. EU Hydrogen
Bank and H2 Global

(1) For example, the German government has backed an initial core hydrogen network by 2032 with government advance payments, while the US government will likely offer $8 billion to build

seven regional H, clusters.
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EMERGING HYDROGEN MARKET

AFRY’s global trade flow model predicts the emergence of global trade flow
routes

AFRY’S GLOBAL TRADE FLOW MODEL

Market share by 2050 by carrier |~ ) [ ~F 2 Legend Tradg flows dr_iven by import
s O w2 mAmmona requirements in Europe and
b a \I A (- Pipeline i
L F '}32 Eurcrpe o Sl —lsm2 2 Asia
o o ) _
mtemallytraded | s S Lower cost renewable sources

in exporting countries used to
produce hydrogen and
derivatives

Infrastructure investment at

; 7?&\

Nonth Afrlba ‘“ \ Rest Of ’.

America: o S ngde;st Asia large-scale is required

,_;‘_‘\ B T\"‘_H_ { i (’M = _7_ _7 ) .
\ T Pipelines are the cheapest

T transportation option
\_“-‘—____ o ) 4 .

g‘ / | NH3/LPG carriers aIready operate, | Ausuf‘:a“a Yo Ammonia is l I kely to be th €

i ¥ ———  but based on traded 18-20Mt @ : tra nsport vector for lon g-

¢ — market with NH3 as cargo not 4 . : :

i o based on x100Mts market with distance Shlpplng

s NH3 as cargo + fuel

Note: Market value estimated considering traded volumes and CAPEX for carriers' conversion and reconversion. 1) Renewable Energy Sources 2) Liquid Hydrogen 3) Liquid Organic Hydrogen

Carriers 4) Liquified Natural Gas
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EMERGING HYDROGEN MARKET

Nordics has the potential to play a leading role due to power market
fundamentals and biogenic carbon availability

Announced projects Nordic Advantages EHB awarded projects*
/ eNRG Lahti
_ 90 MW s
Ola o O
The Nordic share Cheap power Access to
of the European % and/or even low-carbon Skiga
H, pipeline is far generation electricity 117 MW
larger... @ @ ‘%7
31% . Access to MP2X
Ability to .
¥ 5 . . bio-CO, for e- 500 MW —
. i‘f%//) source grid @gf_ fuel 2 ) B - Hysencia
= electricity = roduction 35 MW i~
P Green2Green-I11I @ [
. Water
... than its share availability Catalina
of current 500 MW =~
European H, @ [tm
demand.
7%
: A : h == + [ ) El Alamillo H2
[ 4 | 4 60 MW =~
0 “ Q c G @ Hydrogen B Ammonia E-Methane

K / ﬂfiz Industry @é HGVs @ Heat &Shipping

* Projects awarded a subsidy in the first European Hydrogen Bank Auction 2024
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EMERGING HYDROGEN MARKET

What impact will electrolysers have on the power market?

HOURLY GENERATION/DEMAND (GW), 2 WINTER WEEKS IN 2050

BID3 AFRY CENTRAL SCENARIO* ‘Nordic power market will become

more variable due to increased RES
penetration, more interconnection
and more demand flexibility

120

*Hydro power provides much of the
flexibility to meet increased
variability

*More RES results in downward
pressure on prices but increased

demand leaves overall prices
largely unchanged

*Grid connected electrolysers will
produce hydrogen in low-priced
hours and ‘set’ the power price

Nuclear mmm H?2 turbines mmm Other thermal Other RES (incl. CHP) === Solar mmm Offshore Wind
mmm Onshore Wind mmm Hydro Net import Electrolyser = Demand

-40

*Electrolyser demand can act to
reduce price volatility in future

* BID3 modelling carried out with 2050 capacity mix with 2003 weather year data
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KEY MESSAGES

The Emerging Hydrogen Market ...

@ Essential in some sectors to achieve Net-zero

Market is developing more slowly than
anticipated

Technical and commercial challenges still
prevail

Focus on end-use/offtaker incentives is crucial
to accelerate developments

Nordic markets are well placed to play an
important role
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AFRY AND HYDROGEN

Our hydrogen ambition Our hydrogen expertise

OUR AMBITION KEY FIGURES

1 Over 300 projects delivered globally in
To be the leading advisor to the hydrogen and low over 30 countries since start of 2020
carbon fuels industry providing advisory services
and technical expertise across the whole value
chain

2 Technical/engineering advisory and
design on projects with over 20GW

INDUSTRY TRANSPORT

Providing a 'One-Stop-Shop’ for our clients at electrolyser capacity ;"3
whatever stage of their journey in the engrg:ﬂ
transition Y 3 Expertise covers the entire value chain
; e v from production to end-use
, l“g gl ) POWER HEAT
LALE
/j 1Ll IEEL TR 4 Expertise in Hydrogen, ammonia, e- PNy
R 1 75 methanol, e-methane and Sustainable £

Aviation Fuels

-

2 ——

e

5 Experts located globally involved in
consulting and engineering projects

AFRY

AF POYRY




AFRY AND HYDROGEN

Key Contacts

JOHN WILLIAMS

Head of Hydrogen

Management Consulting Division
UK

KATHRINE STENE BAKKE

Head of Management Consulting, Norway
Management Consulting Division

Norway

PEDRO RAPOSO

Director Power-to-X
Process Industries Division
Sweden
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john.williams@afry.com

+44 7970 572 450

kathrine.stene.bakke@afry.com

+47 957 592 03

pedro.raposo@afry.com

+46 767 85 13 13
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