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AGENDA

Hydrogen Roadmap for Europe + NECP potential for H2

1) Hydrogen Roadmap for Europe

2) Opportunities for inclusion of H2 in the Portuguese NECP

3) IPCH Important Project(s) of Common European Interest




TOGETHER WITH AN INDUSTRY COALITION, A HYDROGEN ROADMAP FOR EUROPE
HAS BEEN DEVELOPED

I Study by the FCH JU, supported by Hydrogen Europe
and 17 companies and organizations along the whole
value chain of hydrogen

I First comprehensive quantified European

perspective for deployment of hydrogen and fuel cells
IN two scenarios

| Ambitious, yet realistic two-degree scenario and
business-as-usual scenario

| Long-term potential
| Roadmap with intermediate milestones
| Recommendations to kickstart
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WHY HYDROGEN: TO REALIZE THE AMBITIOUS TRANSITION OF THE EU'S ENERGY SYSTEM,
A NUMBER OF CHALLENGES NEED TO BE RESOLVED
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Beyond
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ACROSS APPLICATIONS HYDROGEN CAN CLOSE HALF OF THE GAP TOWARDS THE 2DS

Carbon emissions gap to reach 2DS!

In 2050, Mt Segments Hydrogen decarbonization levers

1,070 562 , Power O Integration of renewables into the power
I— A Power generation, baIaIwcmg, buffering I generation sector2
| A 2-3 wheelers A Aviation -
| A passenger vehicles A Shipping O Power generation from renewable
: A Taxis and vans A Rall - resources
| A Buseg and trucks
| _ D,  Forklints Transportation O Replacement of combustion engines with
i Closing FCEVs, in particular in buses and trucks,

- 0 .
i 50% of gap taxis and vans as well as larger passenger
| .
| A High-grade heat A Low-grade heat vehicles _ _ o
| A Medium-grade heat | * O Decarbonization of aviation fuel through
Existing: New: .
: AXI?AIr?I?nonia, methanol AeV\éteelmaking (DRI) Synthetlc fuels ba‘?‘ed on hydrogen _
| A Refining A CCU (methanol, O Replacement of diesel-powered trains and
| A Metal processing olefins, BTX) : : :
| r oll-powered ships with hydrogen fuel-cell-
i | powered units
I . . .
| O Decarbonization of natural gas grid
I .
| | through blending
I i
| 508 | O Upgrade of natural gas to pure hydrogen
I 5 .
| grid
| | Industry heat O Replacement of natural gas for process
I heat
I
| . . Industry O Switch from blast furnace to DRI steel
Total gap to reach CO, abatement Remaining — | feedstock O Replacement of natural gas as feedstock
2DSt in 2050 potential of gap In combination with CCU
hydrogen | | -
FCH 1 _2-degr§§_s_cenlakr)|o f? Pfeﬁsde see tIer cdhaptet: on rer_IewabIes and power for information on the role of hydrogen as enabler of a renewable power system. The "enabled" carbon abatement from renewables is not included here and
%@ 5 IS an additional benefit o yarogen 1or aecar onization
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MANAGING VARIABLE RENEWABLES REQUIRES HYDROGEN

Hydrogen iIs the only option to enable the transition of the
Challenge energy system I managing quadrupling renewables requires...
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ACHIEVING DEEP DECARBONIZATION OF >80% OF CO, EMISSIONS REQUIRES HYDROGEN

Hydrogen iIs the best or only choice for at-scale
Challenge decarbonization of key segments, for example:

= =5
3 A

FUEL CELLS/
SYNFUELS FOR HEAVY
TRANSPORT AND
LONG

H, TO
DECARBONIZE
THE GAS GRID

HIGH-GRADE ULTRA-LOW-
HEAT FOR CARBON H, AS

INDUSTRY & FEEDSTOCK,
IN STEEL E.G., AMMONIA

(@ )
PAGE 8



HYDROGEN AND FUEL CELL SOLUTIONS MEET CUSTOMER PREFERENCES AND ARE
CONVENIENT

Hydrogen and fuel cells are compatible with
Challenge current usage patterns and convenience due to...
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HYDROGEN AND FUEL CELL TECHNOLOGIES ARE AN OPPORTUNITY FOR EUROPE'S

INDUSTRY

Challenge

Hydrogen and fuel cell technologies are
an opportunity for Europe's industry as to...

v £ W aBn

BUILD ON REDUCE LEVERAGE
CURRENT SKILLS DEPENDENCY ON EXISTING
AND FOSSIL FUEL INFRASTRUCTURE

ANUFACTURIN IMPORTS
CAPACITY
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ROADMAP

HYDROGEN COULD PROVIDE UP TO 24% OF TOTAL ENERGY DEMAND, OR UP TO
~2,250 TWH OF ENERGY IN THE EU BY 2050
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BESIDES CO, ABATEMENT, DEPLOYMENT OF THE HYDROGEN ROADMAP ALSO CUTS LOCAL
EMISSIONS, CREATES NEW MARKETS AND SECURES SUSTAINABLE EMPLOYMENT IN
EUROPE

2050 hydrogen vision

AN G O OO
Ty (o @ i
s
~24% ~560 Mt ~EUR 820bn ~95.4m
of final energy annual CO, annual revenue reduction of local jobs (hydrogen,
demand! abatement? (hydrogen and emissions (NO,) equipment, supplier

equipment) relative to road transport industries)?3

3 FCH & 1 Including feedstock 2 Compared to the reference technology scenario 3 Excluding indirect effects

(q"”ﬂmunw“““ SOURCE: Hydrogen Roadmap Europe team PAG E 12



ROADMAP

IN TOTAL, A MARKET OF EUR ~150 BN AND ~1 M JOBS COULD BE UNLOCKED BY 2030

2030 hydrogen vision ﬁﬁfﬁl Jobs, Narket size, EUR billions

} EU market served
by EU Iindustry

Estimation of industry size

EU industry

EU and global market potential taken
from hydrogen vision

AnFair shareo of EU iE'Ul"h%ifkreVALL

domestic and worldwide market
derived from industry statistics and

Industry interviews Imports QIPW ﬁﬁﬁp \\@/ Exports @W@

Revenue and jobs multipliers
10 ~30 ~200 ' 10

Ambitious scenario .
Fair domestic market share for EU Ambitious . 20 ~150 - ~450 - ~450

players (between 60% and 90%
depending on the step in the value
chain)

@

estimated from EU input-output models
BAU!

@

7 ~EUR150 Q{QF ~1 m
bn

Fair market share for EU players in
RoW (between 10% and 25%
depending on the step In the value
chain)

3 FCH & 1 Business as usual scenario
% 3

D SOURCE: Hydrogen Roadmap Europe team PAG E 13



RECOMMENDATIONS

INDUSTRY, REGULATORY AND INVESTORS NEED TO ACT TOGETHER

Realistic, long-term and holistic
decarbonisation pathways for all sectors

Gas grid for building power and heating:
binding targets or feed-in tariffs and
modernisation of regulation Joint commitment from regulators and industry
Power system: decarbonisation of power Overarching Strong investment in hydrogen and fuel cell
balancing markets using electrolyzers and technology by the European industry
regulatory mechanisms

Kickstart
Transport: credible funding mechanism for deployment
Infrastructure and clear industry investments
In product development across four _
sectors Build low-carbon Scale-up of electrolysis and CCS
Industry: regulatory targets for transition Su pply hyd rogen
from grey to low-carbon hydrogen system

Electrolysis: incentives from gas grid
Support and decarbonisation

enable additional

opportunities CCS: support for industry-scale

Development of additional hydrogen and fuel demonstration projects

cell applications

Plans to scale-up proven applications, e.g.,
hydrogen trains, ships and mCHPs
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USING HYDROGEN IN THE GAS GRID OFFERS THREE MAJOR ADVANTAGES OVER
LIy OTHER DECARBONISATION SOLUTIONS FOR BUILDING HEATING

Full direct electrification of heating not feasible

Would require significant increase in power generation that is used only in the
winter

Compatible with existing building stock compared to use of heat pumps

H, TO - . -
DECARBONIZE 90% of all buildings emissions result from buildings older than 25 years
THE GAS GRID

Infrastructure, skills and regulations already available and ready to be
leveraged

A0% of all European households have gas heating as of today making fast
O and convenient Implementation possible
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@ﬁEXAMPLE FOR TRUCKS: HYDROGEN FUEL CELL POWERTRAINS ARE A TECHNICALLY
ADVANCED ZERO EMISSION TECHNOLOGY AND COST COMPETITIVE FOR HEAVY

TRANSPORT
. P i '000 EUR
FCEV powertrains for trucks 48 weriain system cost )
are cost competitive 30 ~100 km Ve
with BEV from 100 km range 20 | \ 4 _ FCEV truck
10 - i
P

O 50 100 150 200 250 300 350 400
Energy capacity converted to range, km

} ]E Hydrogen refueling i1s 15 times faster than fast charging
After 10 minutes refueling/recharging time
FUEL CELLS —
FOR HEAVY 90% VS. l:l 10% of ~1000 km range
TRANSPORT
FCEV truck BEV truck
Recharging i1 nfrastructurebéeé
requires creates
10-15X and  flexible
less space Instead of peak load

%%
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d\ﬂ% IN THE INDUSTRY, HYDROGEN PROVIDES LARGE-SCALE OPPORTUNITIES TO
A DECARBONISE HIGH-GRADE HEAT OR REPLACE CARBON-INTENSIVE INPUTS AS A
FEEDSTOCK

Only feasible route for decarbonisation of steel
Replacement of blast furnace with direct reduction process using hydrogen

%& At-scale decarbonisation of high-grade heat industrial processes
HIGH-GRADE

HEAT FOR Decarbonization route compatible with current processes

INDUSTRY AND
AS
EEDSTOC

Conversion of hydrogen production to ultra-low-carbon hydrogen

Decarbonization of hydrogen production where currently used i e.g., in
Ammonia production, refining and petrochemical industries

%%
b PAGE 17



ROADMAP
HYDROGEN TECHNOLOGY EXISTS AND IS READY TO BE DEPLOYED

A Ambitious scenario /\ Business as usual scenario Start of commercialization A Mass market acceptability?
Today 2020 25 30 35 40 2045

% Taxis Medium and

sy City buses large cars
“

== Transportation ——g sy —\ Trams/railway's
= —— Ry f— Vans
- ey AN

Coaches Synfuel

Mﬁucks (freight ships and aviation)

sy \ Small cars

AP Heating and A mCHPs?
a0 power & A " Blended hydrogen heating
- for buildings® Pure hydrogen heating & A A
® | - i Low/medium industry heat ==l A AN
2 Industry heat
/ High-grade industry heat A ,!: 7\
A&[Ifg A\ Existing: refining?, chemicals (production of ammonia, methanol, and others), metal processing
Industry CCU (methanol, olefins, " I:I A
¥ feedstock BTX)>
Steelmaking® . A | | >4 7\
7 Power Power generation, 4
generation balancing, buffering w . -

1 Defined as sales >1% within segment; 2 mCHPs sales in EU independent of fuel type (NG or H,); 3 Pure and blended H, refer to shares in total heating demand; 4 Refining includes hydro-cracking, hydro-treating, bio-
5 Market share refers to the amount of production that uses hydrogen and captured carbon to replace feedstock; 6 CDA process and DRI with green H,, iron reduction in blast furnaces, and other low-

FCH refinery;
carbon steel making processes using H,

R SOURCE: Hydrogen Roadmap Europe team PAGE 18



ROADMAP

HYDROGEN PLAYS AN IMPORTANT, COMPLEMENTARY ROLE IN THE 2050 ENERGY SYSTEM

o Complementary decarbonisation
Segments Key subsegments Relative importance by 2050* solutions

39% A Battery-electric vehicles
A Plug-in hybrid electric vehicles

A Large cars (fleets) and taxis
A Trucks and buses

A Light commercial vehicles
A Trains

A Ships and aviation

Transportatio

A Electrified trains
A Biofuels and CNG/LNG

A Electrification of heating via heat pumps
A Energy efficiency measures
A Biogas/biomass

§ \H A Hydrogen blending for heating 296
A Pure hydrogen grids for heating 16%

A Demand side and energy efficiency
measures

v

A High-grade heat I 23% A Electrification

A Biogas/biomass
A Carbon capture

Industry
energy

A Ultra-low-carbon hydrogen as
feedstock for For steel:
- Ammonia, methanol 100% A Coke from biomass
- Refining A CCS on blast furnace
A Feedstock in steelmaking (DRI) For CCU:
A Combined with CCU in production of A Carbon storage
olefins and BTX

A . A Biogas
Power A Power generation from hydrogen 2% A Posgt combustion CCS
eneration A Flexible power generation from 55% ; .
J y droger? J A Batteries
FCH 1 In transportation: percent of total fleet; in heating and power for buildings: percent of total heating demand; in industry energy: percent of final energy demand; in industry feedstock: percent of total
3 & feedstock for production; in power generation: percent of total power generation and percent of power generated from natural gas

Oty SOURCE: Hydrogen Roadmap Europe team PAG E 19
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Opportunities from the inclusion of Hydrogen INECPs (DRAFT)

Project Objective and Scope

Objective of the study commissioned by FCH JU:
ldentify opportunities for hydrogen energy technologies to
contribute to achieving the climate and energy targets of the
EU and its Member States effectively and efficiently

Scope:
A EU28, with Member State focus
A Up to 2030
A Renewable & low-carbon hydrogen
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