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(H88) DOE National Clean Hydrogen Strategy and Roadmap (draft)
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Levelised cost of CO2 capture by sector and initial CO2 concentration
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Locations of 23 of 33 Proposed Hydrogen Hubs
Encouraged by Department of Energy
to Submit a Full Application

mrrmx @
{taccsEk @
BT HER

States Involved § States Involved
1. Alliance for Reliable Clean Hydrogen Energy Systems CA 13. Pacific Northwest Hydrogen Hub OR, WA
2. Appalachian Regional Clean Hydrogen Hub KY, OH, WY 14. Horizons Clean Hydrogen Hub (Corpus Christi) ™
3. Decarbonization Network of Appalachia PA 15. Southeast Hydrogen Hub AL, GA, KY, NC,SC, TN
4. Great Lakes Clean Hydrogen IN, MI, OH, PA 16. Southwest Clean Hydrogen innovation Network AZ, NV
5. HALO Hydrogen Hub AR, LA, OH 17. Trans Permian H2Hub LA, TX
6. Hawall Pacific Hydrogen Hub HI 18. Western Interstate Hydrogen Hub CO, NM, UT, WY
7. HyVelocity Hub LA, TX 19. Mid-Atlantic Clean Hydrogen Hub DE, NJ, PA
8. Mid-Atlantic Hydrogen Hub DC, MD, VA 20. indiana Coalition IN
9. Midwest Alliance for Clean Hydrogen I, Mi 21. HARVEST Hydrogen Hub Coalition KS
10. Midwestern Hydrogen Coalition IL, IN, KY, MI, MN, OH, Wi 22. Mid-Continent Clean Hydrogen Hub NE, 1A, MO
11. Northeast Region Hydrogen Hub CT, MA, ME, NJ, NY, RI 23. Heartland Hydrogen Hub ND, MN, MT, Wi
' 12. Obsidian Pacific Northwest Hydrogen Hub ID, OR, WA
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® 2050FHFRICHIIEKREDEEPEImOTIZARRBULLL T OLESD &mRA2250(F MIVIZE LHEST,
o AECFHIAZHILIC, BIXPEIREZH T, BLVDE TOMIZEIHNRIAFTN TS,

2050 market potential for equipment and components ($billions)

H, production H. distribution H, (re-)conversion’ H, applications
and storage Transport Industry
Totals ~60-65 ~25-30 ~35-40 ~80-90
4 g ~21-25 ~16—-20
for storage for fuel cells for iron reduction
and electnic-arc
21-25‘ furnace
~50-60 for ammonia
for electrolyzers, =S
including balance of for compression LIS
plant for onboard storage
5 ~11-1S5
5 _5 3 Nt (o O
o for equipment (e.g.,
for pipelines chemicals)
~8-10
~16-20 for combustion engines
for carbon-based '
~11-15 compounds ~8-10
wE=T for other (e.g., methanol, mdup for heat and power

distribution synfuels, LOHC)

for capture technology

for fueling stations generation

({H88) IEA Sustainable Development >3UA%Jt(C. Boston Consulting GrouphERk WITAREA TRIE— SR EE e
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o EREE. MKW, GEE. MABHOANST, TOMREEH T, IEEVEITI—— XHFE.

IKRETES AT\ IKZRENES AT

Long distance

Boil-off gas reduces Hz cargo
by 1% or more per day

~55-70% efficiency of current
PEM and alkaline electrolyzers

Electrolysis

Pipeline network must be refitted
to account for high compression
and the risk of embnittlement

Green H, competitive at a power price of Penphery

<$35/MWh and with an efficient end-to-end system Short distance

Parts

i I l Parts I I l
‘ I Compressors Pipes Pumps Gas flow management Heat exchangers
Membranes Bipolar plates Compressors Pumps Power electronics Gas analytics
NEIEEN J —
SRS, AT EnX AR ERE FEIRS
IKZE=ERHES 2T/ e METEIRS AT [
Conversion Efficiency losses of up to 35%, Fueling Up to 1,000 bars of pressure in
- f
Z /
<2-second assembly per
: -6
Complicated logistics to Logistics component with a tolerance of 10 Fuel cells
minimize the need for reconversion
Compressors Pipes Pumps Power Gas flow Heat Gas Membranes Bipolar plates Coolers Compressors Pumps Control units Gas flow Assembly lines
electronics management exchangers analytics management

MUTBAA IRV - RRENFERE

(H82) Boston Consulting Group https://www.bcg.com/publications/2021/capturing-value-in-the-low-carbon-hydrogen-market
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® KETIRIF—AIFE. TU—KEOEE. #nX. BT FBICHOT. Si)d)lﬁﬂu%éﬁbt BRZZXIT. B2
FREN(C, Mg CERTe i E iz Al U, 22BREADEZE T O0—-/)\LU—-4—(CR3LZIBK,
® Americant®Domestict L OEREE—ETEONTLBIN, BEARRNIRER TN TULRN,

SELOFEBEEOLED
ML R ER B, RRED

Enable deep decarbonization 0) wemmm @ Grow sustainable | EORLIZ1=7( I @EN
through strategic, high-impact uses N7 &%@ jobs IERAFNZ B AT TS

(=7 L R,
= -5 - [EA - BB L OERE / \
Z{EEEL. TX'JjJOj)’EIJ%‘\I%t
FRELAZSTT(IDLECERD | Catalyze innovation L e Foster diversity, equity,
N3, . HFNOHOE and investment @ - g il inclusion
NEX. FHENRERINEZ Z - Guiding principles
et e | A8 o

These principles must be

‘ applied to ensure a sustainable, ’
resilient, and equitable clean

Spur domestic u hydrogen economy 406  Advance energy and
manufacturing and robust Mﬁ_ﬁ,ﬂj environmental justice

4 supply chains \ /

I HRUE N _
%ﬁ:g@;ﬁ%ﬁ;’%&%&ﬁ Approach (\ \% ; Enable affordability
BB, holistically o and versatility

(H#2) DOE National Clean Hydrogen Strategy and Roadmap (draft) WAREA IRV - SR G A B
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o KERENEIZRE(CHVTEH. KETEZENEONTERL RKEANTEEZITITOS 1) MRIL RIE T 25T,

KZRINT

12 ILANELE (OKER)

FEEMF

O KRFALEFERNTHIENTHEFTN S,

O KRDFBLHIEDINS D A2 RS DI, FRsaa (EANS M2
DTN\ THUSINDOERAEFIFEAKRO—E ZEHE I3 71
XT3,

(A7 AN EIE)
o £ TDEKIMLIEM (T, EEETENRETITONTLSDIL,
o £ THOITERm(L. KRETERIE £ - RSSNIEEMAAIA MY
EIAMDS5%ZEA TSI,

FE BRI ZEF

O FRIR(CHTOTIL, HUBD TEILIFIZADERIC, HEEVHEESE
L. REFERZEHH IHRZIREEITD)\JZE8%.

oz DI FCIEFE I D55 EE(C. HBIZD
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K& e fitia FIH
Cummins (7JLHVELEPEMEY) CF Industries Air Products and Chemicals General Motors
> DOENS5007 RILDi#ERNE X = HYIEEH R FirstElement Fuels ® FCVh3vwy
o HRWE o Wtk XK =FHVELIBICHHE Hyzon Motors
Honeywell International KBR ® [Tk Nikola
® CCS o KENFESSD PDC Machines >DOEN520073 RILDfERNE
Air Products and Chemicals American Elements Hydropack ® ERIEM
Honeywell International Ajax Tocco Magnethermic Koken Caterpillar
AT —& 1t “ o ALY Ariﬂ Corporation o =X
o KEEE( (TSAVEDAR) Chart Industries ® =tz Quantum Fuel Systems

Monolith Materials
> DOEN10/&E RV DEFSREE
X=ZFZETHHE
C-ZERO
XDOENS5100/5 RILOT#EENE
® JSCHARL
Raven SR
H2-Industries
o &lF/KEDEA
Olin

McDermott International

FIBA Technologies
Worthington Industries
& TAARIY-—

Air Products & Chemicals

Bennett Pump Company
® VLT JXIRRE

Emerson Electric

Parker Hannifin

Haskel International

() BiEHRESHEDIEN.

Worthington Industries
o XERMKHEM
Bloom Energy
® ET5-EERMAIE
Fuel Cell Energy
Cummins
Plug Power
Bloom Energy
X TP AAREITAFTPIE T BT
Nuvera Fuel Cell
o FTiMNOERHER
Chemours (Duponth's3#iy7)
3M
WL Gore and Associates
o [=-EBiliEs
WL Gore and Associates
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