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Hydrogen is a potential vector that can support massive AFRY

decarboni sati on. |t 6s really g
ébecause I tos also going to rescue the oi
AFRY Management Consulting Angus Paxton, AFRY Management Consulting
AFRY 17,500 mostly engineers and designers, Gas transport, storage, regulation, market design,
headquartered in Stockholm, Sweden digitalisation, bi ogas/ bi of

AF i 1895 steam bioler & pipe association

Poyry T 1958 forest industry

15 years AFRY i1
consulting

AFRY Management Consulting

250 consultants focussed on Energy sector
10 years National Grid

Advise industrial clients, energy companies, banks, . :
Gas 1 NTS planning

regul ators, governmentsé and

Strong presence in hydrogen topics advising on corporate
and investment strategies, economics and regulation 1
sometimes involving some of our engineers

Our electricity model, BID3, is used by many electricity Looking at 2050s decarbonisation in the 2020s is like

TSOs for capacity and network planning, and now also looking at the 2020s from the 1990s
incorporates hydrogen production and consumption




The project was naturally divided into three separate AFRY
components studying potential demand, supply and then Ar povRY
delivery systems that might be required.

Demand Supply Delivery systems
A fiNoegret o-mhmitmand /A BLUE-GREEN/FAST-GREEN A Pipeline unit cost assumptions
decarbonise industrial sectors A Dedicated RES production A Repurposed pipelines
A Steel - A SMR only where CCS available A New build
A Ammonia ie‘:tor aieljEdion A Technology costs i large A Maritime NH3 / LH2
A Methanol Ag:;’t?(;i'on I reduction in electrolyser costs A Storage cost assumptions
A Petroc./chem. A Levelisation assumptions A Salt cavern
A Range of costs i big geographical A Above-ground
variance

/A Cheapest source and route for
each demand hexagon?
A6Vol atiled hydrog:
A6Smoothd hydrogen
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Assignment to a grid of hexagons Algorithm

Image credits include Open Street Map, Solargis, ESMAP



The modelling produced lots of routes where demand Is better AFRY
served by hydrogen produced elsewhere in Europe: there is Ar povRY
clear value in establishing hydrogen delivery systems.

Large number of results Extracting the common themes W No-regret infrastructure

No-regret selection criteria:

Infrastructure spans more
than one hexagon

Demand is > 3 TWh in either Pl - (T
2030 or 2050 oo Q7

Demand in both 2030 & 2050
I S O0Osi zeabl ed

Appear across 3 or 4
scenario/year combos

Plus additional hexagons '
where close to identified

clusters

Map: OSM. Interim results not included in final report.




AFRY

In any given scenario, the infrastructure opportunity is greater AF POVRY
than the no-regret infrastructure.

Many routes are identified that use repurposed gas pipelines Assumptions on storage location are a big influence on routes
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Jidlio:

Figure 31 Hyunder (2014); OSM.




The study assumes co-l ocat ed, dedi cated R AFRY €
locate electrolysers correctly you can drive additional value. Ar povRY
You must model both power and hydrogen networks to value hydrogen properly.

Electrolysers can provide valuable locational services to grid Build-out of electrolysersi wh at 6 s t he story?

Initial deployments 10s MW demo plant at consumers

Sites/clusters 100s-1000s MW scale
Some shared electrolysis and on-site storage
Local hydrogen distribution pipes
. L Electricity network constraints
e - W may frustrate some low-priced production hours
C may pay for demand-side services

Thené Iclasters established: 10s-100s GW, possibly
interlinked

At what point can remote production, with bundled bulk

R e storage and delivery costs, undercut the variable cost of local
production?

Then there could be opportunities for extra hydrogen demand

en route T establishing the wider backbone

ENTSO-E




The decarbonisation challenge is hard.
Getting it done is possible. Getting it done right is harder.
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Hard-to-abate industrial sectors represent a major area of Agora
hydrogen demand in the future due to a lack of alternative S e
decarbonization options.

Industrial hydrogen demand from 2020 to 2050 in TWh per year
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M Chemical
plastics recycling
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B Ssteel

Hard-to-abate directly with renewable
electricity are chemical feedstocks and
reaction agents, i.e. ammonia,
methanol, iron ore reduction,
petrochemicals for plastics and fuels,
plastics recycling

~300 TWh of low-carbon hydrogen will
be required to reduce and eventually
eliminate their process emissions.

Assumption: H, demand from refineries
in Europe will vanish, given the climate
neutrality target.

By 2050, ammonia and steel are the
most important demand sectors.

10



Steel, ammonia, refineries and chemical plants
are widely distributed across Europe.

Industrial hydrogen demand projected for 2050 in TWh per year

AFRY (2021). 2050 demand is mainly driven by ammonia and steel production.

Agora

Energiewende

Demand differs by more than an
order of magnitude:
<1 TWhvs. 10-30 TWh

High demand for hydrogen

in BE, NL, DE
with large cluster of chemical
installations and steel plants

in Eastern Europe

and along the Mediterranean.
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