ECo

Efficient Co-
Electrolyser for | WY/

Efficient Renewable
Energy Storage

Programme Review Days 2019
Brussels, 19-20 November 2019



PROJECT OVERIVEW

= Call year: 2015

- —
/B8

T

"  Project dates: 01 May 2016 — 30 April 2019

ECOILE PNl
FETSE FALE

= % stage of implementation 01/11/2019: 100 % .

\I

' SOLID
POWER

= Total project budget: 3,239,138.75 €
=  FCH JU max. contribution: 2,500,513.75 €

= Other financial contribution: 738,625 €

European Institute for Energy Research, Ecole polytechnique fédérale de Lausanne, Catalonia Institute for
Energy Research, Htceramix/SolidPower, LABORELEC/ENGIE, Enagas, VDZ gGmbH



http://www.cea-tech.fr/

PROJECT SUMMARY

ECo: Efficient Co-Electrolyser for Efficient Renewable Energy Storage

» Challenge: Increasing shares of fluctuating electricity production from renewable sources to achieve
the EU ambition of reducing greenhouse gas emissions by 80-95% by 2050. Storage needed.

» Overall objective: Develop and validate a highly efficient co-electrolysis process for conversion of
excess renewable electricity into distributable and storable hydrocarbons via simultaneous
electrolysis of steam and CO, through SOEC (Solid Oxide Electrolysis Cells)

» Improve SOEC for operation at ~100 °C lower
temperatures than State-of-the-Art (SoA)
» Achieve durability under realistic co-electrolysis
conditions with degradation rates below 1%/1000 | ] |
h at stack level 1N ‘?’@7
\—Vﬁn‘
> Validation at system level — N
» Design a SOE plant and integrate into CO,
emitting plants for techno-economic & life cycle
analysis

Green electricity

SOEQ

SNG




PROJECT PROGRESS/ACTIONS — Improve SOEC vs. SOA
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PROJECT PROGRESS/ACTIONS — Improve SOEC vs. SOA

Area Specific
resistance at

750 °C (ASR)

0.4 Ohm cm? 25% 50% 75%

) Achievement to-date

= |mprovement of fuel (Ni/YSZ) and oxygen (LSCF/CGO) electrodes based on test results,
QaxEcie cctiot 3D reconstruction of the micro structure and modelling

= Combination of the improved electrodes into one cell

= Development of improved button cells based on LSCF infiltrated into CGO mesoporous

scaffold
= Half cells & electrodes from four partners involved

uel electrode

v The decrease of the area specific resistance (ASR) of SOEC allows for decreasing the operating
temperature by 50-100 °C, which decreases thermally activated degradation processes thereby leading to

longer lifetimes.




PROJECT PROGRESS/ACTIONS — Improve SOEC vs. SOA
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v The decrease of the area specific resistance (ASR) of SOEC allows for decreasing the operating
temperature by 50-100 °C, which decreases thermally activated degradation processes thereby leading to

longer lifetimes.




PROJECT PROGRESS/ACTIONS — Durability
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v 0 - <1%/1000 h degradation in co-SOEC mode on cell and stack level under conditions relevant for
coupling with fluctuating electricity input from renewable sources




PROJECT PROGRESS/ACTIONS — Durability
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v 0 - <1%/1000 h degradation in co-SOEC mode on cell and stack level under conditions relevant for
coupling with fluctuating electricity input from renewable sources




PROJECT PROGRESS/ACTIONS — Co-SOE plant design & integr. - EC (©)
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PROJECT PROGRESS/ACTIONS — Co-SOE plant design & integr. 3=

v' Co-SOE Plant

25% 50% 75% analysts

) Achievement to-date

Plant model designed
* SOE and methanation (internal  *
& external) —

. System
* steam or co-electrolysis |
* considering thermodynamic & A Me-thlzne/
: | yie
electrochemical parameters Al nge — —

* heat integration

v Trade off between high methane yield (up to ~30 vol% at stack outlet) & system efficiency (~90%)
v’ Co-electrolysis offers better system-level heat integration achieving higher system efficiency
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PROJECT PROGRESS/ACTIONS — Co-SOE plant design & integr. EC FCH
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Integration study with CO,
emitting plants:

e Cement plant

* Biomass gasification

* Biogas plant




PROJECT PROGRESS/ACTIONS — Co-SOE plant design & integr.

v' Co-SOE Plant

)> design &

) Achievement to-date
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PROJECT PROGRESS/ACTIONS — Co-SOE plant design & integr.

) Achievement to-date

Integration study with CO,
emitting plants:
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Cement plant

Biomass gasification

Biogas plant

In all cases, access to cheap and CO,-lean
electricity is the key to market potential

The share of renewables in the electricity

input determines the reduction of global
warming potential

25% 50%

Cement
plant

Cco, ,
Clinker J“ capture
(base of cement) |

Raw

IThermaI |

material need
A

75%

co,

v' Co-SOE Plant

)> design &

analysis

ECo integration CAPEX

OPEX

LIGas or coal

Other

Partial

ubstitution | |

Water

Synthetic
natural gas

Sc12 Oxyfuel with
) ECo unitto
convert all CO2

13



Risks and Challenges

oxygen electrode
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Risks and Challenges

Co-SOEC (durability) tests are technically enormously Improve SoA cells is a difficult undertaking

challenging, particularly under relevant conditions v’ ECo pursued improvement of different

v' ECo involved leading groups in testing of SOE (SOFC), who electrodes with different strategies —
managed to carry out a comprehensive test matrix materials & structuring - to succeed.
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Rumplecker et al. 2007

Lack of experimental data about exact Open access publication requirement, ECo
composition of relevant CO, streams partners were among the first movers
v Additional analysis campaign was performed meeting serious obstacles

on two Post-Combustion CO, capture facilities 8 Costly realisation

*
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Communications Activities

WEtSTl  Efficient Co-Electrolyser for Efficient Renewable Energy Storage - ECo

Fact Sheet QUCETIIUE:LEIEM Reporting  Results

a @ @ Project information

Improved storage of excess electricity could make wind and solar ECo
energy more attractive

Efficient Co-Electrolyser for
k») Efficient Renewable Energy Storage

WELCOME ABOUT PARTNERS RESULTS NEWS INTERNAL CONTACT

Welcome Results from the ECo project

Project title:Efient Go-Electrolyser for Effisient Renewable Energy Siorage TEeE———

Call identifier: H2020-JT-FCH-2015-1

Grant number: 889882 - ECo
The ECo project is supported through the European Gommission's Fuel Gells Hydrogen Joint Undertaking (FGH 2 JU) _

Grant agreement 1D: 699892

The EU requires efficient methods of energy storage to enable significant increases in [Z" Project website
contributions from intermittent renewable energy resources such as wind and sun. Status :‘;mnﬁ:mﬂ:zﬁ High
Technology to store excess electricity as methane in existing European infrastructure could Closed project FCH ik the ptr or peadine b nd
play an important role. Start clate T - 4\ 'ég It =— >
et Dt
1 May 2016 30 April 2019
ENERGY
About the Project NEWS Al

Funded under:

ECo is a new European research project that will develop and validate innovative energy conversion technologies to
enable the storage of electricity from renewable sources. In 2 world mare and more concemed with the issus of giobal
warming and pallution — in particular CC: emission — and increasing use of inherently fluctuating renewable power
sources such as wind and solar, highly efficient pathways are needed to help balancing a growing eleciricity
productionconsumgtion mismatch. The ECo project (Eficient Co-Electrolyser for Effcient Renewable Energy Storage)
will focus on conversion of excess renewable slectriciy inio distribuisble and storzble hydrocarbons, such as methane.,
by the simuitaneous slectrolysis of stesm and CO.. This will be dons using Soiid Oride Elecrolysis Cells (SOEC). ECo is
a three-year project, involving nine partners from both academia and indusiry across six European countries; it starts May
2016, The ECo project will bring the technology from proof-of-concept to validation of the technology in a relevant
environment, and make it ready for prototype demonsiration

2010
roject s finished

03 July 2018
Final half yesr mesting

Cordis

20 January 2019
5th haf-year mesting held at CEA

Two joint workshops corene =

ber 20°
tishop mests broad industrial
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EU-projekt skal udvikle effektiv elektrolyse ooyt (s | [(Grons) | g | e

souretsuhas sourmsdor (A AL X, ey mthono i o
til lagring af vindmellestrem ~ telooPi WG PN

gring W r Corsortm
The project concept
Et myt suropasisk forkningspro- The project focuses on hydracarbon gas peaduction as it has one grest advantage over comparative storage opfions: it
readily integrates with the existing natural gas networks and storage faciifies. Already now, apprax. 50% of the total L8 Odese nouetion: [Akzehobel Jo |
clectricity produced from rencweble sources could be apcommodated @s methane in existing undergraund Storage

jekt Koordinerat af DTU Encegi vil
wchilde effektive elektralysetokno-
logier, der kan omdanne oversky-
dende clektricitet fra vedvarende
energikilder til metan, som kan
lagires | naturgasnottet.

faciiies in Europe. Thus, no additions| infrastructurs is necassary, saving significant investments. The comprehensive
natural gas network also makes it a system of transport for bringing power from production to consumption areas.

The ECo pariners are among the sirongest within the field of salid oxide fusl and electrolysis cels, including strategic

industrial piayers from different segments in the valus chain, from cells to plants and system oparators: Technical
University of Denmark (OTU), Commissariat & IEnergie Afomique ef aux énergies alternatives (CEA), European Institute
for Energy Research (EIFER), Ecole polylechnique fédérale de Lausanne (EFFL) and Catalonia Instiiute for Energy
Ressarch (IREC). HTeeramix, Laborslec/ENGIE, Enagas and WDZ. The project consoriium is strangthened by an
ndustrial Advisory Board consisting of ECRA (European Cement Research Academy) and AkzoNobel. The overall ECo
project coordinatar is the Tachnical Univarsity of Denmark.

t i b t i
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e S )1 Outreach to schools
o (I L (Science week, Science
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Project web page

Two Popular articles festival) =

Electricity from renewable sources
must be stored efficiently

Anke Hagen, Dr.rerng = ~*acenr at DTU Energy explains why it is important that electricity
from renewable sourr *hu such capacity is needed in the long-term

European Institute for Energy n
Research Contact:

Ecole polytechnique fédérale de . Project Coordinator
Lausanne Prof. Dr. Dr. Anke Hagen
Catalonia Institute for Energy  IREC"
R + =

(DK, ES)

Electrochimica Acta 253 (2017) 114-127

Technical University of Denmark
HTceramix @ Department of Energy Conversion and
LABORELEC/ENGIE Stosmge

Frederiksborguej 399, DK-4000 Roskilde,
va Denmark

Phone: +45 46775884
Email: dk

Contents lists available at ScienceDirect

Electrochimica Acta

journal homepage: www.elsevier.com/locate/electacta

Scientific

Effects of Pressure on High Temperature Steam and Carbon Dioxide @mw
Co-electrolysis

contributions

So far: f ——
: ECo SOEC

Conferences: 10 oral presentations, 9 posters Two Information tolders

2TE e, o Electricity from Large scale storage in
Articles: 10 peer-reviewed articles, 3 submitted [t \Yﬂu !.lﬂk@dm Web Information | s T s

Social media
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EXPLOITATION PLAN/EXPECTED IMPACT

Exploitation
 SOE technology providers: Cost reduction of SOE

technology through improved performance &

durability based on SoA cells

 Economic potential:

* Cement plant with oxy combustion CO, capture:
Supply of the needed O,. Formed methane
substitutes part of the fossil fuel input for
cement production.

* Biomass gasification plant: Boost of the
methane production through using the CO, bi-
product.

* Biogas plant for methane production: Methane
output is doubled through conversion of the

“erent CO, in biogas into methane.



EXPLOITATION PLAN/EXPECTED IMPACT

Exploitation Impact
* SOE technology providers: Cost reduction of SOE| = The improved electrolysis cells allow for 100 °C lower

technology through improved performance & operating temperature with the same gas output as

durability based on SoA cells compared to SoA.
* Economic potential: = Durability of cells and stacks in co-SOE operation
* Cement plant with oxy combustion CO, capture: reached a value  threshold needed for
Supply of the needed O,. Formed methane| commercialization (degradation rates <1% /1000 h)
substitutes part of the fossil fuel input for| including realistic operation conditions such as “wind-
cement production. profile” electricity and high-pressure operation.

* Biomass gasification plant: Boost of the|=s System validation with improved ECo cells reaching
methane production through using the CO, bi- high electrolysis efficiencies of 94%.
product. " For the first time delivery of a co-SOE plant design
* Biogas plant for methane production: Methane| including renewable electricity input and methane
output is doubled through conversion of the| output, allowing for definition of optimum parameters
“erent CO, in biogas into methane. to achieve high efficiencies, gas output, etc.
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