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Next IPPP: Clean Hydrogen for Europe (CHE)
Consultation on the Strategic Research and Innovation
agenda (SRIA)



m Hydrogen

We have 3 convictions g Europe

1. The energy transition in the EU will require hydrogen at large scale.
Without it, the EU would miss its decarbonisation objective.

2. FCH 2 JU has been a key instrument: we should build on its success and
expand it

3. Hydrogen Technologies and Systems will play a key role in the EU’s
(re)industrialisation policy
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These convictions are now well-shared

"5 Hydrogen

v Europe

The Hydrogen Initiative
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Frans Timmermans

Executive Vice President of
the European Commission

Responsible for Europe’s
Green Deal

“Hydrogen could be a huge opportunity
for our economy”

“It is not that difficult to use gas
infrastructure to import j green] hydrogen
using gas infrastructure

“we need to protect our industries and [...]
help them free themselves from fossil
fuels, for example when hydrogen is used
in the manufacturing of steel”

The Future of o IRENA
Hydrogen

Seizing today’s opportunities

HYDROGEN:

A RENEWABLE
ENERGY PERSPECTIVE
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ROAD MAPTO AUS
HYDROGEN ECONOMY

Reducing emessions and dowving

growth aCross the nation

National Hydrogen
Roadmap




o e ﬂ Hydrogen
These convictions are now well-shared G Europe

»FCH JU mid-term review: ”The choice of a Joint Undertaking as instrument

continues to ensure good alignment with both policy and industrial objectives. The IEG is
of the view that Europe's competitive position would be less favorable without the
activities of the FCH 2 JU”

» Strategic Forum for IPCEI:

Strengthening Strategic Value Chains
for a future-ready
EU Industry

HYDROGEN TECHNOLOGIES AND SYSTEMS

= Potential to replace fossil-based energy with low-emission renewable hydrogen.

Report of the Strategic Forum for Important
Projects of Common European Interest

- Could enable and optimise large-scale renewable electricity generation.
- Could increase EU energy security and resilience.

RECOMMENDATIONS:
e Develop a roadmap for a future European Hydrogen Economy.

e Build a supportive regulatory framework by reviewing legislation on renewable
energy, develop common standards.

e Support R&D investments and build an innovative industrial system through cross-
border collaboration and partnerships in Horizon Europe.

e Ensure safety and public acceptance through demonstrations and standardisation.




Clean Hydrogen for Europe

SOCIETAL IMPACT

1.Reduce and eliminate emissions in
transport, industry and heating.

2.Integrate higher shares of variable
renewables energy ensuring system
efficiency.

3.Generate economic benefits for
Europe.

GOAL

Demonstrate sectoral
integration through hydrogen
as a necessary element of a
sustainable and decarbonized
energy system.

GENERAL OBJECTIVES

Accelerate the commercial maturity of
individual hydrogen technologies across
transport, heating & power, and industry.

Enable at scale and integrated deployment

Ensure a safe and frictionless deployment




GO1: Accelerate the commercial readiness of H2 techno

m Hydrogen

Europe

Hydrogen enables the decarbonization of all major sectors in the economy

Enable the renewable energy system ——— Decarbonize end uses

Enable large-scale
renewables
integration and
power generation

SOURCE: Hydrogen Council
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Distribute
energy across
sectors and
regions

g \ Act as a buffer
“i] to increase
system resilience

Help decarbonize
transportation

" Help decarbonize
¥ industrial energy use

Help decarbonize
building heat and
power

Serve as renewable

feedstock : steel,
refineries, chemicals



GO1: Accelerate the commercial readiness of H2 techno

SO1: Low carbon H2 SO3: H2 delivered at low cost SO5: Transport vehicles
production

SO2: Integration of SO4: Refueling infrastructure S06: H2 for heat and power
renewables (in building and industry)

SO7: H2 decarbonises industry
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GO1: Accelerate the commercial readiness of H2 techno

m Hydrogen

Europe

PILLAR PILLAR PILLAR
H2 PRODUCTION H2 DISTRIBUTION H2 END USES

SO1: Low carbon H2 production

S03: H2 delivered at low cost

SO5: Transport vehicles

S02: Integration of renewables

S04: Refueling infrastructure

S06: H2 for heat and power
(in building and industry)
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SO7: H2 decarbonises industry




GO1: Accelerate the commercial readiness of H2 techno

PILLAR
H2 PRODUCTION

PILLAR
H2 DISTRIBUTION

PILLAR

H2 END USES

SO1: Low carbon H2 production
1. Electrolysis
2. Other modes of production

S03: H2 delivered at low cost
4. Large scale storage
5. H2 in the gas grid
6. Transport & storage in liquid carriers
7. Transport by road, ships, etc
8. Key techno for distribution

SO5: Transport vehicles

Priorities

10. Technology building blocks

11. Truck and large vans (HD)

12. Maritime (Ships & Port)
Other new applications

13. Aviation

14. Train

15. Coach

SO2: Integration of renewables
3. Role of electrolysis

SO4: Refueling infrastructure
9. HRS for multiple applications

S06: H2 for heat and power (in building
and industry)

16. H2 Stationary FC

17. H2 Burners and turbines
* (also gas grid cf. distribution pillar)
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SO7: H2 decarbonises industry
18. H2 in industry
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GO1: Accelerate the commercial readiness of H2 techno

blysis Technology Roadmap

Actions and interim targets

c + Stat 2020 | | 2025 | | 2030 o
ur;:: AI': € i I *' 50 MW systems operating, >1000 } i 2030 vision
. . |
orthe Current and planned deployment projects prove > I decentralised (1-10MW) systems operating } !
technology at 10°s MW scale | ) | I i
?FC ?yste:m . I I *I Installed cost of €720/kW including all BoP } : 20-40 G\.{Of
effciencies: Current projects achieve lower cost (due to H2020 I Plant AC efficiency of 50 kWh/kg. } ] electrolysisis
55-70 kiWh/kg R&D + deployment at 10 MW scale) | H, cost c. €5/kg at scale I : installed in
| | ! | ! Europe
System cost: 4 Continued research on technologies with major impact potential e.g. on cost reduction, Imp‘roved technical KPls | Electrolysi
€1300/kW t i ; . : achieved: | ecirotysis
o increased efficiency, operation at high pressure | ble of
€2000/kW = Installed cost of £500/kW | capa
High efficiency concepts are demonstrated in real world + Plant AC efficiency of 48 | producing zero
applications at scale (e.g. solid oxide electrolysers at 10MW) * kWh/kg | emission
( . i \ +  Cell stack lifeti di
6 Mw Siemens EU programme supports R&D on technologies to reduce cost and improve performance e stack ietime exceeding : hydrogen at a
project 60,000 hrs | cost of <€3/kg
operating, 10 A 'I
MW ITM Power . ' ' !
pro]etct uctr}der ( Large scale projects (10-100 MW scale are developed) :
. ;gr:: v‘:up n;(j::d Deioentlrac!zrse:l projects E—l‘o MW) demortmtrate wide rangf of : Background assumptions:
roles electrolyser can in enel em managemen N i
supported by yee i e & 100 MW systems operating, I P;;I:y liha‘ngtis a:iotw
the FCHJU2 Rapid response technologies for electricity system storage and flexibility continue to be =10GW installed across : eh o )l's'ip ants to access
(TBC) developed and tested at a range of scales Europe | Hi=lpEkEs T'C‘ty (e-g.
: German regime)
EU programme supports demonstration projects at scale linked to key : : Resolutlc:n tohRene'wible
\applications (transport, energy storage, heat & power) | etk veltol on
Legend : procurement of green
Low cost green electricity procurement strategies identified, including grid balancing income. These strategies ] Electycityitolcountionards
. . I CO, and renewable fuel
are enabled by regulation and allow prices <€50/MWh |
T T - ' standards
* Interim target Projects at range ?Fscales from 1 MW - 100 MW scale are developed on 20-40 GW installed
a commercial basis H, cost £€3/kg based on:
Role for EU i ot PR f €500/kW capex
. EU progr pr pport for market activation mechanism, -
Hydrogen Europe presentation SRIA programme helping to reach fully ¢ ialvol and therefore prices 50kWh/kg efficiency
Y : - £50/MWh elec. cost
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GO1: Accelerate the commercial readiness of H2 techno

A Ambitious scenario  /\ Business as usual scenario

Start of commercialization : A Mass market acceptability’

Today 2020 25 3P 35 40 2045
: | ' T Foridifs
. o . 7 Taxis | Medium and
A City buses large cars
T e - -
Transportation o Tom/maluays |
e\ Vans 5
| o CoaChES Synfuel
) Z\Trucks (freight ships and aviation)
A
. - 7\ Small cars
\ Heating and \/\ @8 mCHPs? 5 |
) power & : A . Blended hydrogen heating E
—=for buildings® Pure hydrogen heating e A 7\
. . Low/medidim industry heat gl A | AN
ndust eat ! ! :
v | High-grdde industry heat | A S: AN
Aﬁ]]h ﬂ Existing: refining®, chemicals (production of afpmonia, methanot,'and others), metal 'proces.sing

Industry
feedstock

CCU (methanol. olefins, BT

X)5

Power
generation

Steelmaking®

Power generation,i
balancing, buffering

Achievements
FCH2

Ambition for
CHE
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GO1: Accelerate the commercial readiness of H2 techno

e This GO1 is essentially implemented via grant funding.

* It is implemented via different funding instruments.

Type of project TRL Industry Research
1. Strategic research challenges | TRL 2-3 100% 100%

2. Research Actions TRL 3-6 70% 100%

3. Innovation Actions TRL 5-8 50% 50%

4.1. Flagship project TRL7-8 30% 30%

Hydrogen Europe presentation SRIA for CHE at PRD 20-11-2019 2



GO2: Enable at scale deployment capacity o Hydrogen

Europe

for key parts of the clean hydrogen value chain

PILLAR PILLAR PILLAR
H2 PRODUCTION H2 DISTRIBUTION H2 END USES

SO1: Low carbon H2 production SO3: H2 delivered at low cost SO5: Transport vehicles
* Electrolysis * Large scale storage Priorities
* Other modes of production * H2inthe gas grid * Technology building blocks
* Transport and storage in liquid carriers *  Truck and large vans (HD)
* Transport by road, ships, etc »  Maritime (Ships & Port)
* Key techno for distribution Other new applications
* Auviation
* Train
* Coach
SO2: Integration of renewables S04: Refueling infrastructure S06: H2 for heat and power (in building
* Role of electrolysis * HRS for multiple applications and industry)
* H2 Stationary FC
* H2Burners and turbines
* (also gas grid)
SO7: H2 decarbonises industry
* H2inindustry
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GO2: Enable at scale deployment capacity TN Hydrogen
for key parts of the clean hydrogen value chain QY Europe

e This GO2 is essentially implemented via grant funding.

* Itis implemented via 2 different funding instruments.

Type of project TRL Industry Research
1. Strategic research challenges | TRL 2-3 100% 100%
2. Research Actions TRL 3-6 70% 100%
3. Innovation Actions TRL 5-8 50% 50%
4.1. Flagship project TRL 7-8 30% 30%
TRL 7-8 30% 30%

TRL 5-8 30% 30%

Hydrogen Europe presentation SRIA for CHE at PRD 20-11-2019 14



GO3: Ensure a safe and frictionless deployment of Hydrogen techno

k.
w Europe

PILLAR
H2 PRODUCTION

SO1: Low carbon H2 production SO3: H2 delivered at low cost SO5: Transport vehicles
* Electrolysis * Large scale storage Priorities
* Other modes of production * H2in the gas grid ¢ Technology building blocks
e Transport and storage in liquid * Maritime (Ships & Ports)
carriers * Truck and large vans (HD)
* Transport by road, ships, etc Other new applications
* Key techno for distribution * Aviation
* Train
SO2: Integration of renewables ) e Coach
«  Role of electrolysis SO4: Transport |pfrastru§turg
*  HRS for multiple applications SO6: H2 for heat and power (in
building and industry)

* H2 Stationary FC
* H2 Burners and turbines
* (also gas grid)

SO7: H2 decarbonises industry
* H2inindustry

S09: SUPPLY CHAIN
Manufacturing & scale up

SO8: H2 VALLEYS
Integrated H2 ecosystems combining multiple applications (ports, industrial hubs, cities, etc.)

S010: Cross Cutting

Regulations, Codes, Standards, Training, Safety, social, etc.

Communication &
dissemination
Social acceptance

Knowledge

Management

RCS coordination

Regional &
International

Cooperation




GO3: Ensure a safe and frictionless deployment of Hydrogen techno

Hydrogen

6. Cross Cutting

* Procurement (studies) or grants in the form of coordinated and support action.

w Europe
Type of project TRL Industry Research
1. Strategic research challenges | TRL 2-3 100% 100%
2. Research Actions TRL 3-6 70% 100%
3. Innovation Actions TRL 5-8 50% 50%
4.1. Flagship project TRL7-8 30% 30%
TRL 7-8 30% 30%
30% 30%

« But contrary to other general objectives, this GO is not exclusively implemented by grant funding but by diverse means

» Key differentiator of an IPPP

Hydrogen Europe presentation SRIA for CHE at PRD 20-11-2019
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m Hydrogen

Budget, impact and private contribution g Europe
€528 total investment €8.78 of investment Clean Hydrogen
for the 2030 vision triggered by EC 2021-2027 for Europe

€43.3B

—
-
-l-___-
—
—

= Industry & Member State investment m  Industry contribution m  Industry contribution
m  EU publicprivate effort m  Public contribution m  Public contribution
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Budget, impact and private contribution

m Hydrogen

Europe

Contributio “Li“ Projects Contribution Iin Programme
I' EU Funding Direct leverage || Indirect leverage |
(IKOP) (IKAA)

650M

1300M Members

Estimated distribution
~50% members

~50% non- members

650M

Other participants
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Coordination with other programmes G Hydrogen

Europe

Type of support

| Oemo | Flagship projecs Role of PPP

Funding

sources & R&D

management

Supply chain support

r Y4 N
IPPP IPPP IPPP
H-EU IPPP Funding coor- Exchange
dination of info

Decarb [ |
EU energy I I
Decarb CEE TRANSPORT - alternative fuels infrastructure | |
transport I |
H2 prod | I
+ Decarb | ;I
S : o S —
industry \ y B
|
—_— |
IPCEI I |
National funding on the basis of a European plan | |
Hybrid - —
ESIF
All EU funding with region management
~
international Mission Innovation
ﬁ

National \ ) National programmes N~/ 19




Consultation of other sectors
& Complementarities with other partnerships.

PILLAR

H2 PRODUCTION

PILLAR
H2 DISTRIBUTION

Enable large-scale

renewables
RES & integration and
low power generation

carbon

SOURCE: Hydrogen Council

Circular and Climate
Neutral Industry (COP)

€2 =\ Actas a buffer
/ é’g » to increase
&7 systemresilience

Help decarbonize
» transportation

Distribute

energy across
sectors and
regions

Help decarbonize
industrial energy use

. Help decarbonize
) building heat and
" power

Serve as renewable
feedstock : steel,
refineries, chemicals

Batteries (cop)

Mosart (IPPP)

2ZERO (COP)
Trucks (car, bus,

coaches)

Batteries (COP)

Waterborne (?)

Trains Transforming EU rail system
---------- (IPPP)

Aircrafts, drones, aiport
Clean Aviation (IPPP)

Built Environment (COP)

Clean Energy Transition (COF)

EIT Climate

EIT Raw material

Hydrogen Europe presentation SRIA for CHE at PRD 20-11-2019

Clean & low carbon steel
(cop)

Circular and Climate Neutral
Industry (COP)

Legend

* Colored box = complementarity + wish
of active coordination

* Colored frame= complementarity +
exchange of information

* Colored disc= no PPP but wish of active
coordination




A word on the process S Europe

EC preparation

1. Consultation of Member States (shadow strategic programme committee)
2. Public consultation (done)

3.  Impact assessment and its 5 criteria + interviews of Stakeholders (on-going with Trinomics)

HE and HER preparation
1. IPPP request

2. SRIA: Strategic Research & Innovation Agenda
3. Consultation on SRIA
1. the stakeholders

2. related sectors & partnerships
P P We are number one!
3. members states

Hydrogen Europe presentation SRIA for CHE at PRD 20-11-2019 21



Give your opinion on the draft SRIA (by 20.12.2019) {i, Eorope

www.cleanhydrogenforeurope.eu

CLEAN HYDROGEN FOR EUROPE

4
L

FOR EUROPE

Hydrogen Europe presentation SRIA for CHE at PRD 20-11-2019
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http://www.cleanhydrogenforeurope.eu/

Give your opinion on the draft SRIA by 20/12 G Forope

SPECIFIC OBJECTIVE ROADMAP CHAPTER
1 Low carbon hyd rogen Electrolysis 3.1.1
production Other modes of hydrogen production 3.1.2

2 Hydrogen production enables

o — - Role of electrolysis in energy system [ 3.2.1 |
Large scale storage of hydrogen 4.1.1
Hydrogen in the gas grid 4.1.2
3 Hydrogen is delivered at low cost Transport and storage in liquid carriers | 4.1.3
Transport of hydrogen by road, shipetc | 4.1.4
H Y D R 0 G E N , Key technologies for distribution 4.1.5

E N A B Ll N G A z E Ro 4 Affordable hydrogenis dispensed to Hydrogen refuelling stations \ o |

transport applications

EMISSION EUROPE

Buses & coaches 5.1.2

Fuel cell vehicles (road, rail, Trucks 5.1.3

ship) are competitively priced Rail 5.1.4

Maritime 5.1.5

Aviation 5.1.6

6 Hydrogen meets demands for Stationary fuel cells 5.2.1

STRAT'EGIC RESEARCH & sl el Hydrogen burners and turbines 5.2.2

INNOVATION AGENDA -
7 Hydrogen decarbonises industry ‘ T \ 5.3.1 |
Introduction
8 Creation of hydrogen ecosystems [ Hydrogen valleys l 6.1 |
9 Manufacturing and scale-up ‘ Supply chain development | 6.2 |
1 Re.gu.lations,codes, standards, ‘ Cross cutting sues ‘ s |
training, safety, etc.
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Contacts

Hydrogen Europe

Avenue de la Toison d’Or 56-60 box 5
1060 Brussels

Belgium

Hydrogen Europe presentation SRIA for CHE at PRD 20-11-2019

E-mail: secretariat@hydrogeneurope.eu
Tel.: 3225408775

www.hydrogeneurope.eu
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