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Europe is on the move towards a flexible

power market based on RES

THE ENERGY SYSTEM OF TOMORROW WILL LOOK DIFFERENTLY
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50% of electricity to come from
carbon free

renewables

Renewable energy* share of power generation ~ EXtreme days, Germany at 50%
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Source: Bloomberg New Energy Finance, respective counlry sources. Note: "Excludes large hydro.
- Power market transformation is a race for flexibility &
electricity storage is an enabler ,
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The Challenge:

All sectors need to be decarbonised
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Renewable share of the EU energy mix for

electricity, transport, heating and cooling:
2014 final energy consumption
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Source: Eurostat 2016
Need to:
electricity = Channel renewable electricity into transport, industry &
buildings

24%

=  Exploit synergies between RES & fossil resources
* with aviation correction in accordance with the RED

= Design rightincentives for low-carbon tech
Source: EC, 2015 renewable energy progress report

= |ower technology costs 4
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http://ec.europa.eu/eurostat/statistics-explained/index.php/Energy_from_renewable_sources

vdrogen: Connecting Electricity,

Gas & Mobility

Hydrogen allows for more renewables & enables sector-
coupling for a more efficient and greener energy system
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CH JU - key EU instrument for

hydrogen related R&I funding

Fuel Cells & Hydrogen Joint Undertaking (FCH 2 JU)

Strategic objective:
to bring FCH technologies to the
f“ ; ngorgge” n Q“w“ﬂi-"'*mope | point of market readiness by 2020
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Budget 2014-2020:
~1.3B€
EU contribution: 665M€
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CH JU’S hydrogen production

= portfolio
emse_ 95% of FCH JU’s support goes to green hydrogen

production
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lectrolysis: key enabling technology for

energy storage & greening of industry
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——  Evolution of FCH JU's electrolyser projects
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Industry also has
ambitious
plans for upscaling:
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Congrats @nelhydrogen on the NOK 450
million #P2G deal! Proving #hydrogen's
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large-scale #EnergyStorage capabilities
ww2.protononsite.com/nel
Nel ASA Enters Largest Industrial-scale
Power-to-gas Project in History
4 The H2V PRODUCT green hydrogen plants will be built in Les Hauts de France
and Normandie Régions, next to the natural gas pipelines, where the site and ex-
clusivity already are secured by the property prospector team of H2V PRODUCT.
Nel will design, construct and maintain a hydrogen production facility with an
initial power target of 100 MW and 40 electrolysers. The carbon free hydrogen
- - - will be injected into the main gas pipeline that distributes natural gas throughout o
0 France, making the natural gas greener. “This is truly @ milestone agreement for
N8I} says Jon André Lokke, CEO of Nel. . J ' {
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AkzoNobel and Gasunie AkzoNobel
jointly scaling up the conversion SPECIALTY CHEMIGA
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reating a market for green

hydrogen
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Specific conditions must be met to

FCH JU’s EARLY BUSINESS CASE STUDY enable bankability of Power-to-

ittt ettt . Hydrogen.

WACC on CAPEX: 5% SC mobility Food industry Large industry
Project lifetime: 20 years (Albi, France) (Trige, Denmark) (Lubeck, Germany)

Key factors determining
business case:

Primary market H2 volume (t/year) 270 950 900 900 3230 3230

Average total electricity price for prim. market -

(€/MWh) a4 9 38 i v 26 e Access to curtailed RES at a
price discount >60%

Net margin with grid services (k€/MW/year) 159 256 373 393 -13 195

Share of grid services in net margin (%) 75% 72% 39% 37% - 85% ® ( Pa I‘tla I) exem ptIOI’l frO m

Payback time without grid services (years) | 11.0 | 9.0 46 | 37 | - | 8a grid fees, taxes & levies

Payback time with grid services (years) | 80 | 45 34 | 27 | - | 35

Key risk factors * Taxes & Grid fees * H2price * Taxes & Grid fees
H2 price + Taxes & Grid fees + FCR value
Size of fleets +  FCR value + Carbon price
Injection tariff
FCR value

e Recognition of green H2 as
compliance option in EU
CO2/RES legislation
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I Net margin without grid services (k€/MW/year) 39 7 228 248 -146 30
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Power-to-Hydrogen can become an attractive

. EU-28 market &V T ETV : .

| potential . downstream market for RES generators in a context
i 2017 1500 MW 26Be  200kionsiyear | Where the added cost of intermittency will be

2025 2800 MW a2B€  400ktonsiyear | Increasingly borne by producers themselves

Study available at: http://www.fch.europa.eu/sites/default/files/P2H_Full_Study FCHJU.pdf
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reating a market for green hydrogen

- guarantee of origin (GoO)

Green Hydrogen Certificates

GoO for renewable gases are foreseen in the Revision of Renewable
Energy Directive (RED)

Based on EU experience with renewable electricity GoO
Key for connecting electricity grid, gas & heat networks

Accurate & reliable accounting must be ensured:
» Calculations of renewable energy share per Member State

» Conversion between energy carriers must also be addressed (e.g. electricity GoO -
hydrogen GoO)

» Share of renewable content in fuels etc.
» Avoid double accounting & ensure accuracy

Need to limit the administrative burden of the system
Ensure compatibility with existing support schemes
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ertifHy - developing the 1st EU-wide GoO

scheme for green & low-carbon hydrogen (1)
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Objectives:

- Develop a widely acceptable definition of green & low-carbon H2
- Design a robust GoO scheme for green hydrogen
- Propose a roadmap to implement the initiative throughout the EU
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Implement a pilot
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2016
Phase 1

Define a widely acceptable
definition of green hydrogen

Determine how to design
and implement a robust EU
wide GO scheme

Affiliated partners:

o ToTaL @ﬁiu:mus _}/
- AkzoNobel
A
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2017

2017 2018/9
Phase 2
o Set-up a hydrogen GO Stakeholder
platform
Finalise the scheme design

ensuring it can be the main route
to guarantee the origin of green &
low carbon hydrogen across EU
Member States

Run a pilot scheme to test the
proposed design

o Identify actions which need to be
undertaken after the completion
of the study to achieve an EU
wide deployment of the scheme

2020s..,

Phase 3

Prepare EU wide deployment:
Implement key elements

» Competent authority

¥ lIssuing Body

» Registry operator

» Accreditation body

Finalise Regulation, Codes and
Standards:

# CEN Standard
» EU and national regulation
» CertifHy scheme docs

25
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Green Hydrogen Guarantee of Origin Concept
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ertifHy - developing the 1st EU-wide GoO

scheme for green & low-carbon hydrogen

Eligible pathways
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Thank you very much for your
attention |

More info:

European Commission: https://ec.europa.eu/
FCH JU : www.fch.europa.eu

Hydrogen Europe: www.hydrogeneurope.eu
N.ERGHY : www.nerghy.eu
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