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Introduction " MULTIPLHY [

ACHIEVING DEEP DECARBONIZATION OF >80% OF CO, EMISSIONS REQUIRES HYDROGEN

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

e FUEL CELLS/

2 SYNFUELS FOR HEAVY
DECARBONIZE TRANSPORT AND
THE GAS GRID LONG

DISTANCES

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

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

Source: FCH J
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Introduction 2 MULTIPLHY

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

Only feasible route for decarbonization of steel

Replacement of blast furnace with direct reduction process using hydrogen

<l

HIGH-GRADE

At-scale decarbonization of high-grade heat industrial processes

Decarbonization route compatible with current processes
HEAT FOR w P P

INDUSTRY AND
AS FEEDSTOCK

Conversion of hydrogen production to ultra-low-carbon hydrogen

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

Source: FCH J
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Introduction 27 MULTIPLHY

A Alongsideelectricity,H2will become themain energy vectothat enables aero-
emission Europe

A In anenergy system dominated by these of renewable powefrom wind and
solar, using these green electrons to power whole sectors of the economy poses
insurmountable challenges if not complemented by hydrogen

A Hydrogenwill play a necessary role integrating large amounts of renewable
power In thetransport, industrial processes and heating and cooling sectors
which are today hard tdecarbonise

A H2can:
A serveas an ideal energy vectdinking renewable energgources withseveral final uses
Ahavea netzero or lowGHG footprint whenproducedfrom electrolysis
Abetransported over long distancesallowing distribution of energy between countries

A store energyfor long periodsof time, serving as a needed system buffer and providing
resilience, e.g. in underground storage

A decarbonizea wide range of final uses, providing clean power and/or he#stiasport
and stationary applications

Source: SRIA, July 2020
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Introduction 2 MULTIPLHY

A H2 production by electrolysis

A Different technologies Eunctionof
temperature

Liquidwater:
Lowtemperature
electrolysis

N

Alkaline
Electrolysis

(AEL) electrolysis

(PEMWE)
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Benefits of HTE F MULTIPLHY T

A High efficient technology
2 To electrolyse &120
® ;O O e HO (@)Y H, (q) + % 0,(g) Molecule the reaction
E | TomeTre— | 2 2 2 overall energyDH has to
2y 2 AG : electrical y "~ . :
§ 23 e e He 22 G+ T @ S constant be providedeither as
X |3 Gas [700-850°c | electricenergyor as heat
> |
g . ‘iif____’:’f e
g
U

0 200 400 600 800 1000
Temperature (°C)

A n Ds the minimum part ofelectricalenergy required forthe electrolysisreaction,the
rest can be provided dweat

& The hotter the electrolysis operation, the lower the electricity demand:
A High T: energy = 70% electricity, 30% heat
A Low T: energy = 85% electricity / 15% heat

& Main advantage of SOEL withrange = 70@850cC
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Benefits of HTE 25 MULTIPLHY

A Flexibility of use
ASame core technologgr several applications

Hydrog(_an Electricity
production Production
Feedstack for
industry,_f.uel H, Fuel cell Stationnary
for mobility, Module Module CHP
energy (SOFC) Heat and
storage (SOE) power
CORE
TECHNOLOGY
STACK
Co- .
: Reversible
electrolysis
Module Module
Co-electrolysis (co-SOE) (rSOC) SOEL/S.OFC
CO,/H,0 reversible
Production of Renewable

synthetic fuels

energies storage
Power to X
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Benefits of HTE

A Technology with no
expensive noble catalysts

A Modular

FCH

technology

-

Electrolysis cell composed of:

CELL STACK MODULE

- - ————————————, o o

| Stacking of several |

electrolysis cells to increase
the power

Integration of stacks into a

2 electrodes (anode and module

1
I
I
cathode) :

I
One electrolytg‘ I stacks into a module
Need of electricity (and |

I

!

!
1
:
]
! Can/will include several
1
1
heat) ;
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2 MULTIPLHY h

SYSTEM

e e

“ Integration of modules

into an electrolysis
system/plant including all
Balance of Plant
components = electrolyser
Can/will include several
modules into the
electrolysis system/plant
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MULTIPLHY goal and objectives 25 MULTIPLHY rh

A Goal:

Amanufacturing, installatiom Y R AY 0 S3ANI GA2Yy Zefpeidtir& ¢ 2|
electrolysen(HTE systemn multi-megawattscale,TRL8

Aat abiorefinerylocated in Rotterdam / ThBletherlands

A Key figures:
Aelectricalrated connection power of 3.5 MW, ¢

Aelectricalrated nominal power of 2.6 MW, ,c(HTE and Hydrogen Processing Unit
(HPU))

AhydrogenLJN2 RdzO( A 2 Yy [MIK( D %2 T)qualitghoi atijedst 3.0

Awill cover around 1 % of the current hydrogen demand atliferefineryin Rotterdam.
A Operationperiod of 16,000

Aleadingto substantial GHG emissioaductions
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MULTIPLHY goal and objectives 2 MULTIPLHY

A Technicabbjectives
A Scaleup of technology to multMwW
A Electrolyzeelectrical efflc:lency of up to 85%p,,y
A9t SOGNROAGE O2y adzYLIBOAKWE kgs, Y2YAyYylf OFLI OAGeY
Al @ Af oAt AGRY x oy 22
Ah LIS NJ § A18,00nT 2 NJ X
f 2

At N2 RdzOUA 2 Y ash NI OGSY X MOw: Kk wMann

A Economimbjectives
AlI'FLIAGEE /7 2a0Y XX wXZnnn € kK 6131 HKRDO
ARLISNYGA2ya 9 alAyiSylyOS O02aiG X mun e€kol1 3l H
A TechneEconomic analysis of HUiflisationin refineries
A Pave the way for a further upscaling step to a 100 MW scale

A Societal objectives
A Increased awareness of HTE as viable solution within Ell
A Procurement strategy for renewable electricity
A Certification of the green hydrogen accordingQertifHy
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Concept and methodology

A Process scheme

7 MULTIPLHY [}

Steam generation
plant & others

Refinery processes

Steam
S MULTIPLHY, 2.6 MW, 5
A 24 MW, »c
§ ~ ||I“w ﬂ’ﬂ High-temperature electrolyser
i - .|| et (HTE)
ZZ
Max. 3.5 MW, 4c 1 @
0.2 MW, ,c
\“/’/Ili“ Hydrogen processing unit
i (HPU)

A

Natural gas
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> 60 kg/h

-

~ 1% of H,
consumption

Existing hydrogen production unit

~ 999

6 of H, consumption

Steam methane
reformer (SMR)
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H, grid (30 bar)

Hydrogen load
balancing

GHG emissions
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Concept and methodology & MULTIPLHY Th

A Timeline:
AProject started 01/01/2020
ADuration 60 months
Alnstallation of demo unit mid 2022

A Project structure:

Yearl Year 2 Year 3 Year 4 Year 5
2020 2021 2022 2023 2024
Q1 Q2 Q3 Q4|Q1 Q2 Q3 Q4|01 Q2 Q3 Q4]Q1 Q2 Q3 Q4|01 Q2 Q3 Q4

WP1 Coordination and Management
WP2 Stack Tests at 10 kW in Laboratory
WP3 System Design and Manufacturing

WP4 Integration in Refining Process

wPs Technologyalidation andDemonstration

WP6 Regulatory Framework & Guarantee of Origin for the Hydrogen (CERTIFHY)
WP7 Market, Techno-Economic and Environment Studies

WP8 Dissemination, Communication and Exploitation
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Consortium 2 MULTIPLHY

A 5 partners
A 4industrials
A1RTO
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