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Hydrogen Production (Million tons)

® 221 large-scale
industrial usage
Refinery, ammonia,
methanol, steel and
industry feedstock

43 giga-scale
production

@ 51 infrastructure
projects

Hz distribution,

transportation, conversion

and storage

74 integrated
Hzeconomy
Trains, ships, trucks, Cross-industry and
cars and other hydrogen  projects with different
mobility applications types of end uses

133 transport

Renewable Hz projects
>1GW and low-carbon
Hzprojects » 200 ktpa
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National and European plans:
reforms and investments,
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[HE]DOE “Hydrogen Program Plan”(2020/11)
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- _—

lnstrum d Hari
Trail L 1 Electrolyser ancillaries
ailers /‘Sq analysis room <
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Compression
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=8
stxuxe n H2 plant 4
@ se

Site 3: Cas Tresorer H2/NG mixing o 8
station & connection to NG gas grid Electrolyser s,
Q site a: Palma hotel Storage

Electrical
9 Site 6: Port of Palma FC

substation
£ Pipeline - Lloseta to Cas Tresorer

[HE#2]Maria Jaén “Green Hysland”

[H#]Hybalance &8} (FCHJU Programme Review days)
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KRBT RIVX—BrE + P2G2P(Power-to-Gas-to-Power)
B KEIIMNDONAREFR(BEIOREICHT DT IRIVIIVEERE) CBIRENZTEEZP2GICEYT)—
KFLU TH TR, HRY—E DV TKERE. BRICITH) ITAINZFORAGRADET SIEINT DA NMEBIXR
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B HOUFEAEUT T -BERF—AZFAUVRKRARETRICERY A S0 A FURBRENRUMED

Advanced Clean Energy Storage CKE)
- BIRRBEENZEZEFRICHELTP2GICKYKFRICENE, 55
R—LAICKEETE. VERFICKRFEHRI—EITEHELTHEE
« =%Z/\VJ—.Magnum DevelopmentHEY#HT>
« 2025F52ICHRNNERATRAI—EICERR, ZD1E20
26FENS30%KERFEEITL. 20455832(2100% T —
IKFEANRBIELHR T SETHE

# MHPS MACNUM
7 |
o > ]
' ’ /
{_j Excess — Renewable H, -
== Renewable S~ for Large-Scale / T
Energy 1 l[u_‘ f J‘\ o —‘ ‘.‘ Applications |-| AY
f-' 1 - 1 f '- 1 |
L e e g8 |
vl —t
g::::) ™~
eveab
........................... .
I N 1
| )
X H, =)

[HE]MHPS“Advancing Green Hydrogen for the Danskammer Project”

JOVIovDES
« JOVIONERSRRIIBIRNEEZT THY. ILER
EENSDEEICHITBI NIV AZIYIIVEERD
o BN 3 REEBENDZEZEHRINNEE

BC Hydro Manitoba Hydro
WIND
).( IPP
California
ISO A==
Mexico

[HE2]LADWP “ Intermountain Power Project & Green Hydrogen”
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B Hydrogen DeltaZOY T 70Z(XU S BRI BRNTEAS VY TIIEESEFF (ILFE. Gl BEDADT)—2K
FEADRSHNBIBHESD SN TVD (—ER T IV—KRZAVSTOI I MEFRE)

B EESFCOXKRHBOTOITIMIZFDMENYDOAF) X TEEEEHOSN TS

B ZOMIPCEIOTOYU I VMCIFEUERICETZNDKFET TSAFI—2 (N T34 LOHCICKY ARAL X
IV IV EWDTZEERRD S ALERA DK REIL + EE0HQRE TOFIR) DEtEEEREFEE

Hydrogen Delta(#3>>%)
« Nouryon, Orsted, Shell, YARAZFIC LS. F LEDFH
E+GWIREREKE T I —KEREE + EE9D B (R
£ EiEHEi%\ {EF)TOMAETOI I

Category: production of H;
Capacity: 1GW

Process phase: FEED-study
Project period: 2019 -

Project costs: TKI subsidy

[HE2]TKI NIEUW GAS “Overview of Hydrogen Projects in the Netherlands”

PLRTIVI LETOIIIONASDY)

« Nouryon, Tata Steel&ENT LR TIVY LETHEEFIDHE

HAHZAPEENETOOMWIRDERIEND T ) —KEEZHR
BEHhETITSAFYvIVPERMEZEETS. CCUTO
J IO MDWRETERIR

Category: production
Hermes Capacity: 100 MW
w& Process phase: FEED-study
M Project period: 2019 -
Project costs: 150 M

# Amsraam TATA STEEL Nouryon

MIZU'IO Copyright Mizuho Research & Technologies, Ltd. All Rights Reserved.
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[RRFRKRDEHRE - FIA EE 0 %)

B ROYTIIERKEICL DT —KRERRENSKRAT—IaVADEIERY N T—D KRR T— 3 VES#E.
EEVTFABAXTOY ITSAFI—VZEATHTOII VL CeFarmBEREIN TS

B BEKREAT—IV3aVRKRERETHOIERMTEIPCEIZOY 2 Black HorseM FC270&rRMDAT—3 >
Bl 1hBEDSYIEAN KEFREEICKLDT)—UKREHREVSFLHNEENBIFOSNTNS

B fIZE. H2Rivers®HyBayern&E W\ o7z E8ODFCEE Y T 1 - KRR T—3aVE A TOU T MGERH

eFarm>’OY TR (R1Y)

o ITXRIWF—Y1—30FFE£EDGP Joulev1RTI7—LA
EPEMERICK DT —VKRBENSKRAT—I3IUA
DEHESHBEEFTOT I SAFI—VERBEIT DI RMNIYHRK
MDT)—UKFBEEUTABATOI IO

Project eFarm.

Largest green hydrogen mobility project in Germany.

H, production (5 x 225 kW PEM electrolysis at wind farms)
H, transportation (7 mobile H, -containers at 300 bar

H, processing (2 HRS at 350/700 bar)

H, consumption (starting with 2 buses in public transport)

o 6o o o

Integration of a decentralized hydrogen value chain

Local and direct use of wind energy for green mobility

Project volume at 16 Mio. € (circa 50% national funding) A g'QE
118N

Under construction, overall commissioning in early 2021

e o o0 o0 o

Project is designed for scale-up towards Multi-MW ranges

[HE2]GP Joule “Green Hydrogen Mobility Project eFarm”

Black Horseo’'OJ T (ERER)

o KFRRAT—VaAUNREBORK(ZONFT7.FIINIH
)= IR=ZUR)ICEVWT. TBEDFCO RS YO &270EFR
DIKFRRAT—3VEEEITDEEEIC 4A0EFRDKERE
B B tEBEERBAT T I VMEAICKYKEZERYNT—D%E
£9DEHE

% 'j'\‘% 5.797M |~ FFER  Wind, Solar
F& compamcs ,9,»’ investment :

4= Hydro energy
° L] j
! 16,5 GWh / day “‘ﬁ 270 HRS DJ 10.000
<4 - oo=—= Hz Trucks
12.500 new jobs “| 116.800 - -4.212.000
i 40.000 jobs 2/ tonnes/year g tonnes / year

[HE2]Bioway “Black Horse”
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(SERY EIFHZET) (SBHITHIY LIF=EDDH)

72 ENIRUY B: U LERTDIKREGE + B IMitha <1t/day~ E=. %X CHP(FC). & (H

(BIXFEERRICHR) CHRIRICIZ/NVI—23208HY) #t/day RAEEN)

BIG HIT(1¥JX)
Green Hysland(ZAR12)

HAZEIDIRUN HyBalance(F2~—7) ~25t/d . HhE, CHP(FC). #3 (A
(ZEMFICHER) Crystal Brook Hydrogen Superhub AEEN)
(A—ZZ17)
(BiRFRKREFELE JI—KZE >2,000 EXE . B(AREZFAN).HKE
Hynet(A¥'JX) t/day (GT)
V) —2KzR (EEEERPIAR R 3R ) B}t/d~  EEGEH EFE ®BH%RE).
Hydrogen Delta(#5>2%) HHt/d Bk, B (HRAEEAN) . RE
PLRTIE LEGHS ) (GT)
I )— 2Kk (EREERFIRR R REFL) <1t/day~ #E(FCV-HDV)
eFarm(R-1Y) #H/t/day

Black Horse (BEFR)

RHR - KFRARE NITRL Advanced Clean Energy Systems 100t/day #(FHREZFEAN). HKE(GT)
CKTM)
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m KER(DE S8 OMEREICEHTDIFEDHRICOVWTIZI S TITRTEY . 2021 FFX TIEEEHHEMR
ROFED T CHERFENET

B FFE. BARGIEZBIXRFHEDENZEFRAUCKERICLSKEREITO670RA(BNXED) . F1YT
H2030F5CGWOEREEAEEEZRIELUZH2GigaT7OI I M#EESEI—O) AR KETIXIU—2
KFEHTOI S L TEREEDAEE MICHITHEER ORFIVOXRFIRRIZENETE

X~2020[XFEFEFITHEMBH)
R1Y:H2Giga(~2025)
7005 (5E1—0.55)
R :
s © o o @
CEATOLN) 35f8M 2118HM 29.45M 2118H HR107RAGREE)
KE:DOE
Hydrogen R — .
R&D 18.9 21.6 52.7 40.5 40.5 KEBRIRT I SRIRER
=M =M =M =M =M (~2026)
KFEE
4.9%&M 3.0f8M 3.9f8M 8.2f&M GI & 670EM(5%/10%F)
+
KFR%EE 7.5(8M
2017 2018 2019 2020 2021 2022~

(s ] BEEN L YMHRTER ZEIFUTOL—HZER 135/, 140M/1—0
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FRIMICHF DT —KFEREDR

REF (EfEIENFHEDZ1L)

B KRELE

TOJTIR50%LL EHKERETHY  KERERMITEN RE(TERDITAD ICEAL CERBRICIKE
T2 VLR, PEMIZERREICRE T SR C. EfEESHRDIRERDT/3Z24H5HD

m FERERNDREENROHEBZZ R PEMKERN—BULTEH >7T2hEFIESOEC/ P IV A KERADIKE
BIALTVWBZ &ICA . AEM(7 ZF VB &S5 FH) AN DR RHFEC RIE

Electrolysers, M€ FCH JU support

IREH:
KEE(IA)

RIA: Research & Innovation
Actions (RTD)

IA: Innovation Actions
(Demo)

32 Projects
BB EEEDAER(FY2019)

Cumulative EU Funding / EUR

Millions

€70

£0

B PEM Electrolyser

| | |
Project Start Year PEMIKERZIEHN
>S5 IBIEAN o
Re
/',
Vs
7
Vs
’
/‘
R
n nl h h
mn 20m mn? 013 2014 2015 016 017 2018 me 2020 N
W 50 Electmlyser W Alkaline Electmlyser W PC Electrolyser W AEM Electrolyser

BEROFRDERFIER T HDHRS (RET)

[HE]FCHJU Programme Review Days&HlZE & (CIERR
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FRINICH1FD T —2KREEDHERFE(MWHASGWRT—ILA)

B RGP OFCHIUTOY T VMTIE BIZIE A5 T IV T HFAILTDO20MWDINEFD 7 IV A KERERIE
(McPhy8) 2 & 35— kBN SDAS /— L EETOI T 5 M Djewels I SAR. 2022 FBERI4EHE
m 57 20255 F TICREMWOEREE. 20305 EE TICGWR T —IVICHEIRY BEHE

Hydrogen production, new generation of low temperature electrolysers e

Project: Don Quichot (Colruyt;
HRS+forklifts)

Place/date: Belgium, 2011
Electrolyser: Hydrogenics (PEM)
Funding: €5.0 m

Project: Haeolus (remote P2P) Project: H2future
Place/date: Norway, 2017 (Voestalpine, steel industry)
Electrolyser: Hydrogenics (PEM) Place/date: Austria, 2016
Funding: €5.0m Electrolyser: Siemens (PEM)
Funding: €12m (00 €18 m)

-T

AR
i3 I‘Eﬂ'»!'i

8 BH.| ...
B VoA

Ojewels

20 MW > 60MW
10 MW 100 MW

Project: Refhyne (Shell,
refinery, gas injection in NG)
Place/date: Germany, 2017
Electrolyser: ITM (PEM)
Funding: €10 m (00 €16m)

0.15 MW

12

The European Green Deal
call for proposals includes a
topic to install a 100MW
Electrolyser.

Project: Hybalance
Place: Denmark
Date: 2014
Electrolyser: Hydrogenics (PEM)
Funding: €8.0 m
p—

e

=
S

Call closed:

16 proposals
received

https://www.demodgrid.eu/ https://refhyne.eu/

_ Scaling up challenges: new manufacturing processes to lower cost, increase capacity and lifetime

[HE2]Bart Biebuyck(FCHJU)“Scaling-up Innovations on Renewable Hydrogen Production and Use”[CE D= H1H{FRK
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BEEZOSND

—|assic alkaline

< < <50
NouryonDE{EYBIR oW eow  GW

59

—|ntensified alkaline ""E 24
, 277000 Aim? £ sa E
- @ 5.5 KWh/Nm? g 22 4 2
> 9 = > . a9 §
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[HE]Andy Steinbach(3M)” Advanced Manufacturing Processes for
Gigawatt-Scale Proton Exchange Membrane Water Electrolyzers”
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