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1. Focus on net zero emissions\

2. Sector coupling 5/

3. Plummeting cost of renewable electricity

4. Zero emissions in production and end use
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A Green Hydrogen Ministerial RoundtabltL w9 b! Qa4 wmMniUuK ! 3aSYof
establish aCollaborative Framework on Green Hydrogeda foster dialogue between
governments and private sector

A Established in June 2020 N ’

A Two plenary virtual meetings and one WG meeting in 2020 .

A Next plenary virtual meeting on 28 April 2021 (TBC)

A Participation to date65 countries, Hydrogen Council and IPHE

A Currently co-facilitated by the European Commission and Morocco




World Energy Transitions Outlook 2021
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Hydrogen cost (USD/kg H,)
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\ Electricity price St
~Electrolyser cost in 2020: ——— USD 20/MwWh °
USD 650/kW > e
Electrolyser cost in 2050: ® ~ °
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“Electrolyser cost in 2020:
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Fossil fuel range

Electrolyser cost in 2050:
USD 307/kW @ 1 TW Installed capacity

Electrolyser cost in 2050;
USD 130/kW @ 5 TW installed capacity
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Scaling up
module

Learning by

doing

The four strategies are intertwined and a combination of them is what allow
achievinglargecostreductions
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Two technologiesare ready for commercialdeploymentandtwo other technologie
have promisingperformancebut havea lower technologicaldevelopment
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EFFICIENCY _

* Thinner membranes

More efficient \\( -%1\
. ‘ . stagks reduFe \f\
TCurrent densities g T Production rate ity cont —
@ | i i
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T Membrane thickness———— T Efficiency %

. . . . OPEX « More active catalysts CAPEX
lGas permeation > | Purity, lifetime g e
l Catalyst layers & T Lifetime T e — (=) incurabity

* Reduced maintenance
« Lower water quality

Less durable
stacks result in
CAPEX annuity
increase

lCritical materials > TCost lLifetime +
DURABILITY

Oneparametercanusuallynot be improved without a detrimental effect in another
one, which leadsto optimizing designbasedon trade-offs and applications
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X Gd, Zr, La, Ce, Y & No critical materials

Solid Oxide Anion Exchange
Membrane

V Reduce materials
Global Pt production = >V Increase yield

200 GWyr V Recycling

Globalr production =

readv tod 3-7.5 GWyr Current density (A/lcd) 2
V A t i
m;ifgct?]rgssome l Electrode area (ci) 1200 5000
' Iridium loadin Ik 1.3 0.4
provide Pt, Cofree Current government g (g/kvy

designs targets for 2030 = 105 Gw  Platinum loading (g/kw) 0.5 <0.1

Proton Exchange
Membrane

PEMelectrolyzerhasthe most limitations from materials supply. Severalstrategie
are alreadypart of the researchagendaand canhelp overcomingthis barrier
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Increasingmanufacturingscalehasthe largestbenefit on the stackcost

Mayyas A. et al. (2019), Manufacturing cost analysis for proton exchange membraneeiletéolyzers Technical Report

NREL/T®A2072740, National Renewable Energy Laboratory, Golden, CO, United States.

— > Thyssenkrupp—— 1 GWr (2020)

2 GWJjrannounced (2021)
— NEL——— 75% cost reduction
USD 1.5/kg target by 2025

350 MW (2020)
I'TM — GBP 800/kW to GBP
500/kW in 3 years




