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U.S. energy mix covers wide of energy sources

U.S. energy consumption by energy source, 2017

Total = 97.7 quadrillion
British thermal units (Btu) Total = 11.0 quadrillion Btu

_~geothermal 2%

T SOIaf 60/0

— wind 21%

biomass waste 4% |

biofuels 21% bicmass

45%

wood 19%

hydroelectric 25%

Note. Sum of components may not equal 100% because of independent rounding.
Source. U.S. Energy Information Administration, Monthly Energy Review, Table 1.3 = oy
and 10.1, April 2018, preliminary data Cl
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H,@Scale: Enabling affordable, reliable, clean,
and secure energy across sectors
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An exciting time for the transportation sector

Commercial
fuel cell electric
cars are here
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& No petroleum, no pollution
& Refuels in minutes
@ More than 360 mi driving range

- _ ‘ ol Ticsan EeP : & Over 60 mpgge
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Fuel cells for material handling equipment

More than 23,000 forklifts

Over 15 million refuelings



Long-Range, Heavy Duty Applications Emerging

_.d-—"ﬂf\— o

Fuel cell delivery and parcel trucks ‘ Industry demonstrates first
operating in CA and NY heavy duty fuel cell truck in CA
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Stationary Power Applications Continue to Grow

Fuel cells provided backup power during Fuel cells used to power
Hurricane Sandy in the U.S. Northeast new World Trade Center in NYC

N — < o

Fuel cell power for maritime ports Over 240 MW of fuel cell stationary power
demonstrated in Honolulu, Hawaii installed across more than 40 US states

< sty



Multiple H, and Fuel Cell Applications in the U.S.

U.S. Snapshot

Over

Backup Power

More than

Forklifts

More than

Fuel Cell Buses

200 stations planned by 2025, 1,000 by 2030

More than

S180M*

The total amount states
have invested in H,
infrastructure in the
past decade*

CA
* 1,000 stations by 2030

e S$150M invested

Fuel Cell Cars

* Over 30 public stations open

* S$235M announced in 2018

HI, OH, SC, NY, CT, MA, CO, UT,
TX, MI, and others with interest

e Over $27M invested
* 12-25 stations planned in the NE

*Excludes recent announcement from CA to invest $235M in electric vehicles
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New Driver: The Duck Curve Example

Megawatts

Midnight Noon

Evening

FUEL CELL TECHNOLOGIES OFFICE

Total Load
(demand)

Load (net) on
commercial
utility grid
(duck belly
forms)

Solar
Production
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The Duck’s belly is getting bigger

Actual 3-hour ramp
of 13GW on December
18, 2016

Steeper
Ramps

26,000

24,000

22,000

20,000

18,000

Megawatts

ramp need

16,000 ~13GW
in three hours
14,000
12,000 _ "
over generation risk / 2020
/\
10,000
DBe:IFI)er %k Net Load of 8.5GW on
y May 14, 2017
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Hour
California Example- Source U.S. DOE Solar Energy Technologies Office

Two Concerns:

Low Net Load:
flexibility to reduce
baseload
generation
resources is limited

High Ramp Rates
in Evening:
flexibility of other
generation to ramp
up is limited

Can be
addressed by

@ @Scale.

< U.S. Department of Energy
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U.S. DOE Fuel Cell Technologies Office

Applied research, development and * Energy security
Early R&D innovation in emerging h . il
rging hydrogen Energy resiliency

Focus and fuel cell technologies leading to: * Strong domestic economy
sudget: $120M
60% Lower FuelCellCost |  Fiscal Year 2019

@ \\ /KW DOE Fuel Cell

@ 2124/KW Technologies

Office

Fuel Cells Hydrogen  Infrastructure

$50/KW
At low-volume
* PGM- free * Production * Safety
catalysts pathways « Manufacturing 2006 Today
* Durable * Delivery  Delivery Greater Fuel Cell Durability
MEAs components components
* Electrode * Advanced . Others 4X more hours
performance materials for of fuel cell lifetime since 2006
storage

80% Lower Electrolyzer Cost
PGM = Platinum group metals

MEA = Membrane Electrode Assembly for H, production since 2002

Projects with
over 100
companies,
universities, and
national labs
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Need to Address Challenges: Data Sharing Guides R&D

Through NREL's National Fuel Cell Technology Evaluation Center

EEEEEE
CARS BUSES STACK PRIME POWER INFRASTRUCTURE

To Participate

techval@nrel.gov

Need to address
infrastructure
component reliability

Visit: energy.gov/eere/fuelcells/hydrogen-
analysis-toolbox

Source: U.S. DOE Fuel Cell Technologies Office

Example: Sources of H, Infrastructure
Maintenance

+— Station Other

19%

21%

Maintenance by Equipment Type
Retail Stations
Total Events: 4,663
Dispenser: 46% of Events

Most
maintenance
related to
compressors
and dispensers
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Example of R&D Needs: Upstream Hydrogen Delivery &
Dispensing Must be Improved

R&D needed to improve liquefaction efficiency

B Pump To Wheels (PTW) GHG WTP (Storage & Refueling)
B GHG WTP (Transportation) B GHG WTP (Liquefaction)
450
400
\ 111% 36% 39% 51% 54% 79% 88%
)
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>
8 300
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E v
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GASOLINE FCEV FCEV FCEV FCEV FCEV FCEV FCEV
ICEV LH2 GH2 GH2 GH2 GH2 GH2 GH2
(Central SMR) (Distrb. SMR) (Central SMR) (byproduct, (byproduct, (Central Biomass) (Central
cracker plant) chlorine plant) Wind/solar)
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H,@Scale: Enabling renewable energy transport?

Where we find abundant solar and wind energy

it . ' R - -
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...and deliver it or co-locate distributed generation
with demand for certain applications

The population of the United States

e i \Where energy is consumed Tapiiation

o banch up i communities. leaving the Distribution

spaces 0 Letvese mors saarsely rhad
Med MOST Americans Ive i of near cites, Where do we Hre?
ey 53 parcertt v o the 20 bargest Where don'’t we lve?

citics. 75 pereunt of off Amaricans Ivo =
METOOOMSN 31233,

This mnp shows pepulstion densty. The G0 West. “wamiz it e Wiyeming fa: e cavil What happens i (he gty Chicago, e country's
ralative haight of each major city reflects astest growng ate. 0l popekition demsity o all spaces? Soma et it s S Wird epest efty, a1 o
its pegulation in 1980, fovnet Ly Srioavee, Ideha, stanies ine ks &8 wih g county Moe S one Saor ul s Fnes millaes
- G b o larte Cotorado, and Lah W0 e 0 v peapie QRN O A0 L op ) ecpie | heme e 2) ot
ot st il » ot grerey sens. ey with g s s srrerier than
Dt of it Is produced Tee oty
enprred tn ther cinamies

aes
Choas meh s Now Yok Dry ane potony
of Neww Jerssy s Luvy ntand weh
4 100 2opwaboe G130 mition

darsary = oh
= s Ny Yk oy, wiee
TWD &% 2300 peocle par
sastie e

Agpeaximately one in nme
Aericams [l 10 S0 nstan
N7 prpeaws sate— LaEma
Mure thas 15 milion cople e
0 the L6 Angees. Wvorsidn, ant
Cravge Conly mel ugol e e

WL 5o st ww ol of et
For e, Lows ava avik des
wure i 8000 soue ks of
kot and aatlinds at's an aws
Byger (hem Commzicat st Rrsce
and comaned

Camstal areas sim b oo
o 13 the US. osviation

Diswdutag oo populmse Mo Jersery o © b wont awsaly Abasha = sy presiate sne
ovonly ks ks mtege o 73 PP Satid st wU a0 oo Wi B of 0 perin Je1
PotOpuIe Dest srpsar e e of =wes than 1000 ponpe per Syiom e

g e

DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY FUEL CELL TECHNOLOGIES OFFICE




H2@Scale: Nationwide Resource Assessment

Assessing resource availability. Assessing cost of H, vs

Most regions have sufficient resources. electricity transmission

Red: Only regions where projected industrial & (,'n process)
transportation demand exceeds supply.

Hydrogen Potential From Photovoltaic and Onshore Wind Resources Minus

Total Hydrogen Demand for the Industrial & Transport Sectors
I/ . Total kg of Hydrogen per County, Normalized by County Area
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Key focus areas to realize the H,@scale vision

MAKE MOVE USE

ncreasec More Efficient Low Cost
Cost Hydrogen Hydrogen Value-added
Production Transmission Applications

Improved Bulk Storage Technologies
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Opportunities for outreach and to increase awareness

Celebrate National Information and
Hydrogen & Fuel Cell Day | Training Resources to

October 8 or 10/8

(Held on its very own atomic- weight-day)

Increase Awareness

H2tools.org

H,Q

A e

1.008

H‘fd rogen Download for free at:

energy.gov/eere/fuelcells/downloads/increa
se-your-h2ig-training-resource

Learn more at: energy.gov/eere/fuelcells
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energy.gov/eere/fuelcells/downloads/increase-your-h2iq-training-resource

Thank You

Dr. Sunita Satyapal
Director
Fuel Cell Technologies Office
Sunita.Satyapal@ee.doe.gov

energy.gov/eere/fuelcells
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