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® https://www.eia.gov/todayinenergy/detail.php?id=37034&src=email
@ https://www.eia.gov/electricity/data/state/
( Net Generation by State by Type of Producer by Energy Source (EIA-906, EIA-920, and EIA-923))
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U.S. Energy Consumption by Energy Sources
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Energy production (Reference case)
quadrillion British thermal units
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Source: EIA, Annual Energy Outlook 2017
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Energy consumption by fuel (Reference case)
guadrillion British thermal units
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Source: EIA Annual Energy Outlook 2019
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L.5. net generation by energy source, 2017-2013
million megawatthours
200

180 Electricity generation from selected fuels
160 natural gas billion kilowatthours
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(HE8 : EIA website: https://www.eia.gov/todayinenergy/detail.php?id=37912]
[HE8 : EIA website: https://www.eia.gov/todayinenergy/detail.php?id=36953# ]

({H8R : EIA Annual Energy Outlook 2019 ]
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Most prevalent renewable electricity generation fuel by state (2007 and 2017)
2007 2017

number
of states

2007 2017
hydro wind Dlmass solar
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Backup Power/MW

Forklifts 25,000 160 NA
Fuel Cell Buses 30 8 3,428 (xzx+t5v2)
H2 Retail Stations 40 108 23
Fuel Cell Cars 6,600 2,440 NA
MEEFOH

mEHAK
A—=DUT K- - - SHEENEHE_1-AU)—-2 https://www.toyota-shokki.co.jp/news/release/2019/05/17/002413/index.html
IKZRAT—33>- - -NeVDOWebH1 b http://www.cev-pc.or.jp/suiso_station/index.html
FCV-FC/\X- - - BB EIRBASERIBIRIFHS https://www.airia.or.jp/publish/file/r5c6pv000000m21m-att/r5c6pv000000m221.pdf
m H[E
E26[EFCDIC VIRSULFIRE, p.112, [FREOKSE - REIEMOENE] NEDO ILREBFE
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® DOE(FFCIA-DIVIT DB AEEN 2 HE(CEBELEIHRSE . AmazonENKEZDFC
JA—=DVJ b8 AT,

® KRB TFCERE - FChSWIDE A ZFETR. HURAHNDE,

FCIA—JVUINEACEETFENS FChSYIEADEE
- ~ (- v FedEX(ZFCEREZEA, F C(EL>TIIR
v Amazon(&Zi1—3-7M &R tz> 4 —(CPI e i
POWertEBOFCTA TN A AT 7245 — &L ThniGeB Rt E257km.
v Daimler(&. 4008 _EDPlug Powertt®FC v Nikolatth'7> )\ 45 —-Jw>ah5800E8NDFC
SATLEE A, Nowh%ZiE.

[FedEXICEASNSFCERCENDFCI AT A]

Technical Accomplishments and Progress
System Integration

H# : “FedEx Express Hydrogen
Fuel Cell Extended-Range
Battery Electric Vehicles”

HE8 : Plug Powertt HP
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v Nikolatt(34488 DKEFRZEE MK UNT
G 2KZRSTZFEU,

v EFEBORIREEIIGW, KZIRSTIE
70MPa. 75X 8 DhawI AU BZKHE(C
X htro

v Plug powerfL(E ABIDF 219 D EMK
IKZRFEIENAJBEIRIKZRAT — 23> Z FIFE
L. EDZEIFEFEZTT T,

[Nikoratt & A I /K EBAFEE]
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H 88 : NikolattHP

v IDMM(EZ2024EFTICFCVIZ47,200a(C
1ENN95EFA,
v 2024(C100ED/KEAT—23HE

o
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Hi#8 : CEC "Joint Agency Staff Report on Assembly Bill 8: 2018 Annual Assessment of
Time and Cost Needed to Attain 100 Hydrogen Refueling Stations in California”
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O KETHEFRLICP2GDEENFHIE, (ITM Power(cLaYHF1—tzyWithisghdEFMW AR
FRZEEE. Hydrogenics(C&BhF4 - A AUAMY —HADKEL DK ZRETEhEERSEEE)

ITM Powerlc &3 ZIMWHIEDP2GESE HFHHTOXRBKZRITESmDE ARG

v ITM PowerldwHF1—twwithisgiciizsy ¥ DFT-AVHIAMICHENT, ILRYERD2. SMWHRD

MWARIEDP2GEEDEE DDA R ENE PENE KBRS DI RN,

1Fo = v EBE(IHADELEEEEnbridgetHydrogenics®>3A
v' Massachusetts Department of Energy ;;Jlfi"\>3c‘7_° . N b e g

Resources (DOER) Tl. 2020 £ TIC 4 m{@énk7£§®ﬁﬁﬁ(i\ FCEEUT RABLVEXRATA

200MWhDI#)\ ¥~ TR RO BEERE. WENTRIE.

[Low-Carbon Energy Project(CD\\T]
[ITM Power #t R D/KERFRE]

Power-to-Gas

Future State - Blending hydrogen into
the natural gas distribution system to
offset the carbon content of the fuel

HEE : ITM#HP H 88 : EnbridgettHP
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@ TXILF—ERICIE. ITHRILF—4 (DOE) . EHNITRILF—HRIAZTES (
FERC) . IRIBIRET (EPA) . RFAE (DOI) HEZ.

o HFRRMFEBER(EE(CD O E HHEE,

=

Ix)I+—& (DOE)
BREIFINF—ORAMBF. @I EEDOIEMFZE,

EHTRIIF—ARHEZESES (FERC)

DOERITIRIIMRHI B =2 5%E . CDEERZFARCEI S, BUahSIRTZUEREEL
T IRNF - DR EMBENERIRILF —THIGHEHFOIHO. ARHIPHIHZEEREZR
ﬁﬁo

IRIRREET (EPA)

TR ACBUTOR, JRITHERES, IRIBIRE DD DIRF £tz Eht. TR)IL+—F8
ET(IGreen House Gas(GHG)HIRDOZHAHI®, (Ea (DOT) DEIEIE
Z2B (NHTSA) LHREIT) BEEREREDIFMRSFZEN,

AFEE (DOI)
7XHELEDFI30%(CAHE I EFPIEHMZEE . COHTEMSINIERFFEDT
son] . BEa B K.
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DOE FCTO (Fuel Cell Technology Office)D#ilE
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® DOEDHTI(IFCTONARIEE N REEINSR Z HEIE,

Operations

Priva Swamy (Detail)

Director
Sunita Satyapal
Senior Advisor
Eric Miller
Hydrogen Fuel R&D Fuel Cells R&D

Program Manager Program Manager

Infrastructure & Systems R&D

Program Manager

Med Stetson Dimitrios Papageorgopoulos Fred Joseck
TMs
Technology Acceleration
Technology Managers TMs Pete Devlin
(Ths) Donna Ho Mancy Garland®
Katie Randolph Greg Kleen Jason Marcinkoski*

(Froduction Lead) Dave Peterson®
Jesse Adams

[Storage Lead)
Bahman Habibzadeh
Zeric Hulvey

Vacancy

Michael Hahn
Brian Hunter
Safety Codes and
Standards
Laura Hill

Systems Analysis
Meha Rustagi (Delivery
Lead)* Shawna McQueen

*Supports multiple areas  New hires in 2019
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Applied research, development and
Early R&D [ hydrogen and fuel cell
Focus technologies leading to:

* Energy security
* Energy resiliency
* Strong domestic economy

Key R&D Sub-Programs in Budget Request

Fuel Hydrogen Infrastructure

Cells Fuel
» Cost, durability * Costof : e
production reliability of
* Components - across pathways infrastructure
catalysts, . Cost and ,
electrodes, etc . * Delivery
| . capacity of components,
* Increase focus storage, supply chain
beyond LDVs : :
including bulk/ . Safety

energy storage

New in FY19
Budget Request

Enabling

(Hzescae

1
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® FCTODERFEI(FHI120 M USD, Hydrogen Fuel R&QDADHLEEIEH TR K,
® FY2019/7 5Hydrogen Infrastructure R&DEFIA,

Total FY 2019 FCTO Funding: $120M

Variety of Funding from FY2017 to FY 2019

.. Budgets / 1000 $
Key Activity FY2017 | FY2018 | FY2019
Fuel Cell R&D 32,0000 32,000 30,000
Hydrogen Fuel R&D 41,000 54,0000 39,000
Hydrogen Infrastructure R &D - | 21,000
Systems Analisis 3,000 3,000, 2,000
Technology .
J——— Technology Acceleration 18,0000 19,0000 21,000
7% Safety, Codes and Standards 7,000 7,000, 7,000
S Total 101,000 115,000/ 120,000

= Fuel Cell R&D = Hydrogen Fuel R &D = Systems Analisis

Technology Acceleration = Safety Codes and Standards = Hydrogen Infrastructure R&D
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® COHT. EIAFRAEEREFREERIOSII T THR AL DD, IKERICEH T 2ER
3TN SICHRAFET T2 #EE,

® FCVDHR5T . howl-)NR, Utility, &Ek. BIaHREFZILIESAH,

Conventional Storage Hydrogen
Vehicle N
& @ @Z@Scole
J U.S. Department of Energy
Hydrogen K {
Oil/

Ammonia/
Fertilizer
Hydrogen
Generation
Electric Grid Met:.als
Refining
Infrastructure

Other

End Use
Heating
Gas
Infrastructure -
H2@Scale O#L=E
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® DOENY20164E(C3Z5 T /=Energy Materials Network(EMN)HDY O U —> T =&)L
F—OEAeAmTEFEMRERET. iR, BEEDBERRIC T A —HAUTZ7 DD
EteEBD1=Z>757+47,

® CDOS53 DN FCTODFIE,

FCTONFIE @ HydroGEN : EBS(LS. ML A ERA L /-4 A K EBRK E 8 ST

& Hydrogen Materials — Advanced Research Consortium (HYMARC) : SR 5 /K Z BT
MEIBE R,

@ Electrocatalysis Consortium (ElectroCat) : WARIEMA D BE&ME % #hX /NI F 5
DEEHNDEIX FEYETEZRZ 3 FMER,

@ Lightweight Materials Consortium (LightMat) : JARIFIAZIE O mE EICEIT -8B S
SV REMMHEEFEOERICL 52 BEERECEINERE,

€ Durable Module Materials Consortium (DuraMat) : {E3 X DO P VEIRA B L 7-
SWAKD P VEY 2 —LEMFHE,

€ Caloric Materials Consortium (CaloriCool™) : /BEIFHEIC @) VT 7 B KL 7,

€ Chemical Catalysis for Bioenergy Consortium (ChemCatBio) : /XA A~ X ZE# 7 O+
R D EHIE B R,
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https://www.h2awsm.org/
https://hymarc.org/
http://www.electrocat.org/
https://lightmat.org/
https://www.duramat.org/
https://caloricool.org/
https://www.chemcatbio.org/

IKZR[ RIS | TR FEEN )

® KEHE KD ERFRAFEN RN ZEDEA LU THEER,

O XA EREGEKFDORRBEIRIKERMMIZ $4/kg. NICMEIFTPEM, SOEC. T T
AEMEAAZTH,

® T, RIZEMEF DA (STCH) | XELFDEE (PEC) B,

DOEKSERE IS DM BAT st 20175 ODOEKRKIERD
051 M
v ;E/H\H E"J (:(I’ftEﬁ%*ﬂd)E&%o v 20 1 7$®7J<§ﬁ§u ﬁﬁiﬂi 7J<EE|
v ERM(C (A A TR Tl £ — AR R UK AR A A AR D65% . EEBR R4
b5 FE(C L BRI EE, HCEBRIBHINTVS,

;i production
6|

Coal Biomass
Processing Processing

Nuclear-
Based

Natural Gas Waste to Grid H,0
Reforming = Splitting ELECTROLYSIS _
g it "

=
5
S
0
[
—
5
s
.
8
s
S
3
2
o
o
2
3
<

4 #8: DOE 2017 Annual Merit Review and Peer Evaluation Meeting
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R CKENEAM F OITER MR FE R

O NREL 1 LLNL REDEIIAFTFRZ 0L TIHYMARC IR THYSCORE J&Lofza>

V=27 AWRZREN . B TEBEU LN SFTARM R ORI FECHDIHA TLS,

O XJXII A TIVZZU A MURFOE TR ZAVCERBKREOFIFAPEEEHE
BSYIMOF 2 A UK RN R B R FETR

DOEDBIF R DOEDFEEIDYTLIOIII MK

v RHEA(C(EXSEEEOATTRHTE. KA v 201 7FDIKZREATE D EF (CH VT, TREAS
ED#EAELTIE, IKZRIREAA R DREFE(C BORRECFENZIDHE TSN, JOTDTI MY
BRNEMTUVD, HLHFEL L7 5HD.

- C“Z“D‘(’)’Z:Sred \ FY 2017 Appropriation = $15.6M Empbhasis is on early
A‘;::;gc"h" . _ phase R&D for H, storage
FY2017 Funding Allocations by Focus Area materials and lower cost

Hydrogen Storage

) T

88 : DOE 2017 Annual Merit Review and Peer Evaluation Meeting

’ Cold / Cryo- $10
ompresse
$9

physical storage

Number of Projects in Portfolio

by Focus Area
(Includes subs directly funded by DOE)
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® =S FHARIE (T, ZZE70%. MIAKFES000F L £ FSIRXM$30/kKWED

S FSIEN

o EAE N FIMARIEM (PEMFC) OBRIFENETRITN. PIVHYRZREEIEY
(AMFC) &3TH,

nm" EE-; &t C \L DOE 2020 % 2016, 2017$0) DOE %ﬂ%iﬂ
RN E IR ITFEFRICHI S F8¢4 PR [ 3514 3 % B4R

v 201 5% S TOERMIRTICHNT, IAMER, MAMOE e
LD‘E@%%E&%@@“TL%O MBI, THATEDR v IAMERZERK S AR (EERERED
or 3FEERE) DRIFE. AR _LEDIZHD
Peak Energy Efficiency ﬁﬂ;—t‘u Eﬁ%b\‘E\Eo

65%

FY 2017 Request = $35.0 M
FY 2016 Appropriation = $35.0 M

Durability .. Power Density 20
5,000 hours 650 W/L
£15 -
E
“
» WFY 2017
T 10
bl
30 seconds - 650 W/kg
Start from -20 °C .~y —~ Specific Power 5
oot il
CO St Testing & Catalysts & Fuel Cell Membranes, S
h | I d rfarm & | Electrolytes
{88 : DOE 2017 Annual Merit Review and Peer Evaluation Meeting Assessment Durability 2 3
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® Energy Materials Network(EMN)HU—> IRV F—DiEgFE
{EAmIFEEM R ERET. sHBR. RISOEFRICIA—HAUE 7
DOEEFEDAZ) 747c‘:b'C Research Consortium

(HYyMARC). lectrocatalysis Consortium (ElectroCat)Z
07017 ME T,




