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U.S. Energy Portfolio

U.S. energy consumption by energy source, 2017

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

_~geothermal 2%

—_ SO'S( 60/0

— wind 21%

biomass waste 4%

biofuels 21% biomass
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 )
and 10.1. April 2018, preliminary data cla
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U.S. Energy Consumption by Sector
Industrial ~ 32%

Residential (20%) & Commercial (19%)

Transportation ~ 29%






Transportation Sector

90% dependent on petroleum

85% of use is from on-road vehicles

2"d |argest expense after housing



An exciting time for the transportation sector

o

Commercial
fuel cell electric
cars are here

Honda Clarity

EVEO sold or leased
’ in the United States

@' No petroleum, no pollution
" & Refuels in minutes

T ——

S - e = & More than 360 mi driving range

—

=

e - Hyundai Fuel Ce suve | & Over 60 mpgge

> . i R o e T
U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | FUEL CELL TECHNOLOGIES OFFICE




H, Stations in the U.S.
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HYDROGEN STATIONS
@ Retail: Open
@ Other: Open
Retail: In Development

Approx. 12 to 25
stations planned

Others with interest: Hawaii, Ohio, Texas, Colorado, South Carolina, and others
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Life-cycle Emissions- Passenger Car Examples

Low, Medium & High Emissions/Mile for 2015 Technology

Gon Gon fEn oo G

Internal Combustion Engine Hybrid Electric Extended-Range Battery Electric
Electric Current gasoline ICEV: ~450

Honda Civic -m
Nissan Versa -m
Chevy Cruze Diesel -m

Honda Civic CNG -m
Toyota Prius | | 254 |
Chevy Volt -m
230
|| 216)
Toyota Mirai (NG) -m

Toyota Mirai (33% Renewable) .

160 210 260 310 360 410
Grams of CO2e per Mile

Joint VTO-FCTO Analysis Example  Iialitialiinshintes | |
(https://www.hydrogen.energy.gov/pdfs/16004_life-cycle_ghg_oil_use_cars.pdf)
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Fuel cells operating all over the U.S.

Fuel cells used for backup power in more than 40 states

Over 240MW

in stationary fuel
cell power
installed

Telecom, Government, Railroad, Utility sites

Telecom, Government, Railroad sites

Telecom and Government sites

Government, Railroad, Utility sites

Telecom sites

Government sites

Railroad sites
Utility sites
Government and Railroad sites

Over 8,000 backp power units

deployed or on order

Telecom and Railroad sites

Source: DOE State of the States: Fuel Cells in 2016 Report
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Material Handling Equipment Applications

More than 25,000 forklifts

Over 16 million refuelings




Real World Applications in the United States

First fuel cell tow truck fleet at
airport in Memphis

Photo Credit: UPS

World’s first fuel cell for
maritime ports in Hawaii

Fuel cell delivery and parcel trucks starting
deliveries in CA and NY

Photo Credit: FedEx Photo Credit: Sandia National Laboratories
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U.S. Trends

More than two-thirds of all light vehicles
purchased in the U.S. are light trucks

U.S. light truck sales as a percentage of total passenger vehicle sales (trailing 12 months)

70%

60%

50%

40%

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Source: Bloomberg USASAUTS and USASTRUK Indexes

24
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Renewable electricity generation, including
end-use (Reference case)
billion kilowatthours

1,800 2?18

1,600 historyl projections

1,400 l

1,200 | wind
geothermal

1,000 13% hydroelectric

800

600

400 4%

200 '

0 —m———————— %

2010 2020 2030 2040 20

US EIA, AEO, BNEF
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U.S. Snapshot: Hydrogen and Fuel Cells

Examples of Applications U.S. DOE EERE Fuel Cell Technologies Office
in the United States Funding!

G XD FY 2013 - FY 2018 |
h‘ ]b' = arl? m

Backup Power

More than From 201302018] | Covering H, and Fuel Cell Activitiesin |
>25,000 32 states and DC &
- v

DOE funded over 100 companies, 100

Al el s universities/nonprofits and 13 National Laboratories

in the last decade
ih >40 vy W

With FCTO funding

Prime recipients only

Forklifts
More than

ﬁ >6 Hydrogen Stations: Examples of Plans Across States
California Northeast HI, OH, SC, NY, CT, MA, CO,
A E2) 2 1,000 stations | 12-20stations | UT, TX, MI, and others
by 2030 planned with interest
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U.S. Department of Energy Funding

U.S. DEPARTMENT OF ENERGY

Distribution of DOE FCTO FY19
Funding: $120 M

Safety Codes and
Standards
6%

Hydrogen
Infrastructure

R&D
. 18%

Technology
Acceleration
17%

Fuel Cell R&D
25%

Hydrogen Fuel R&D
32%

Systems
Analysis
2%

Office .FY 2018
(S in thousands)
EERE (FCTO) 115,000
Science (Basic/xcut) 19,000
Fossil Energy (SOFC) 30,000
Total ~164,000

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

FCTO Appropriations

FY 2017 FY 2018 FY 2019
Key Activity
(S in thousands)

Fuel Cell R&D 32,000 32,000 30,000
Hydrogen Fuel
R&D 41,000 54,000 39,000
Hydrogen
Infrastructure - - 21,000
R&D
Systems Analysis 3,000 3,000 2,000
Technology 18,000| 19,000 21,000
Acceleration
Safety, Codes
and Standards 7,000 7,000 7,000

Total 101,000| 115,000| 120,000

FY19 Request: New Infrastructure
R&D Subprogram in Budget

| FUEL CELL TECHNOLOGIES OFFICE



Funding Opportunity Announcements (FOA) March 2019

H2@Scale: Focus on versatility, volume and value ° H2@Scale FOA
proposition — Approximately 30 awards

Conventional Storage Hydrogen - TOta I fu n d i ng u p tO $3 1 M

Vehicle

Hydrogen

0 et — Includes H2@Scale Pilot
o Yo ”pgc?ﬁ?'"g Integrated System ($10M)

: Biomass
Renewables

e, * Truck FOA
— H, and fuel cell related: $15M
Refng — Total $51M

Hydrogen
Generation

Nuclear

6,

Fossil

Electric Grid
Infrastructure

Other
End Use

Heating

Gas
Infrastructure
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H2@Scale: Nationwide Resource Assessment

Hydrogen Potential From Photovoltaic and Onshore Wind Resources Minus
Total Hydrogen Demand for the Industrial & Transport Sectors
Total kg of Hydrogen per County, Normalized by County Area

Labs assess
resource
availability. Most
regions have

sufficient
resources.

Red: Only regions where
projected industrial &
transportation demand
exceeds supply.

T

Hydrogen Nuclear Energy Plants This analysis represents potential generation from utility-scale photovoltaics and

(metric ton/mi*fyr) onshore wind resources minus total hydrogen demand from the industrial sector.
0 and natural gas systems [metals are not included) and the

B 2000-4500 @5 Currently Operating ehicles and other transport. The data has been normallzed
B 1,000 - 2,000 atial scales, and then summarized by county.

by area at the ective
— ? =
| 350 1,000 @ Announced Retirement =3
;7‘ Data Source: NREL analysis e
[ ]o-350 @ Recently Retired Robson, A. Preserving America's Clean Energy Foundation. Retrieved March 23,2017, b el

B -12200-0 from http://www.thirdway.org/report/preserving-americas-clean-energy-foundation NATIONAL RENEWASLE ENERGY LABORATORY

Lab Pls: Mark Ruth, Bryan Pivovar, Richard Boardman, et al
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Hydrogen Station Rollout Modeling - Example

Station Rollout Scenario Analysis

3

7,750 H, Stations
deployed by 2050

Urban markets scenario
(20% FCEV market share*)

. .
: Ay
\ "::/

-4
J ?a‘

Examples of variables considered in scenarios:
&/ Consumer adoption @ Station Expansion Network

Source: Marc Melaina, et al, NREL
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*Nationwide

Region
[ california
[ Other ZEV States
[ Rest of Country

Total Capacity (kg/day)
180
1,000,000
2,000,000
3,000,000
4,000,000







U.S. DOE Cost Status and Targets for R&D

Fuel Cell R&D Hydrogen R&D

System Production, Delivery & Dispensing ( gﬂ?ﬁ?ﬂiﬁ%)
I $230/kW+

$24/kWh
$180/kW* I

S16/gge*
to
$13/gge

$50/kw* $17/kWh
S 10*/gge 100K /yr
I h

$15/kWh
$5* */gge 500K/yr

® $40/kW ® <54/gge ® S10/kWh

@ Targets | High-Volume Projection B Low-Volume Estimate
*Based on Electrolysis **Based on NG SMR * Preliminary, updates underway Note: Graphs not drawn to scale and are for illustration purposes only.
Onboard storage cost status from DOE Program Record 15013 Data through 2017
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Example of Real World Data Collection

Safety Reports Primary Factors

Il Component Failure

I Design Flaw

Incident [ Environment (Weather, Power Disruption, Other)
[ Inadequate Training, Protocol, SOP

[ Inadequate/ Non-working Equipment

[ Maintenance Required

[IMischief/Vandalism

. [ INew Equipment Materials

Near Miss [ INot Defined

[ IVibration

Severity

Minor H2 Leak 7

0 10 20 30 40 50 60 70 80
Number of Reports

An Incident is an event that resuits in:

- a lost time accident and/or injury to personnel

- damage/unplanned downtime for project equipment, facilities or property

- impact to the public or environment

- any hydrogen release that unintentionally ignites

- release of any volatile, hydrogen containing compound (including the hydrocarbons used as common fuels)
A Near Miss is:

- an event that under slightly different circumstances could have become an incident

- any hydrogen release sufficient to sustain a flame if ignited
A Minor H2 Leak is:

- an unplanned hydrogen release insufficient to sustain a flame, and does not accumulate in sufficient quantity to ignite

NREL cdp_infr_31
Created: May-15-18 5:38 PM | Data Range: 2008Q3-2017Q4
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Examples of Maintenance at Stations

Maintenance by Equipment Type

Classified Events

Total Events' = 7,913 . , Total Hours' = 23,907
dispenser 57% unscheduled

58% unscheduled

.com pressor

entire
28%

7%
35% chiller

| safety 12%

.storage
.electrical
.air

MISC includes the following failure modes: stack, fuel, electrolyzer,
multiple purifier, feedwater, gas mgmt panel, reformer, station other, thermal
1015 Event Count management, other

systems
NREL cdp_infr_21 1. Total includes classified events (plotted) and unclassified events.

Created: May-05-18 12:51 AM | Data Range: 2011Q1-2017Q4

8%

17%

24%

21%
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Causes and Effects Analysis

Maintenance Causes and Effects

Preventative Maintenancs accountad for 4% of all events.
Su bsystem s Dls PENS ER Suppressed in the plot lo show detail for other causes.
Component: NOZZLE

20 .

15

% of Events

FAILED PART
MATERIAL DEFORM/DEGRADE/FATIGUE
COMMUNICATION ERROR
DESIGN FLAW
MAINTENANCE ERROR

/

ALARM
EQUIPMENT DAMAGED
FUNCTIONALITY LOST

NA
OPERATOR ERROR

UNDETERMINED
UPGRADE H2 LEAK
LOOSE MECHANICAL NA
FREEZING R UNDETERMINED
DATA ERROR
MANUFACTURING DEFECT
Effects

Causes

NREL cdp_infr_69
Created: May-04-18 558 PM | Data Range: 2011Q1-2017Q4
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Causes and Effects Analysis

Maintenance Causes and Effects

Preventative Maintenance accountad for 6% of all events.
su bsystem . COM PRESSO R Suppressed in the plot to show detail for other causes.
Component: SEAL

50

% of Events
N w H
o o o
2 /

-
o
Z

o\

FAILED PART\

-~

MATERIAL DEFORM/DEGRADE/FATIGUE
UNDETERMINED
UPGRADE

DEBRIS ‘
MANUFACTURING DEFECT

commmxx‘nor«\

INSTALLATION ERROR

ENVIRONMENTAL FACTORS

FAILED TO START
FLUID LEAK NON-H2
FUNCTIONALITY LOST

H2 LEAK

~

NA
SHUTDOWN LOW

Causes Corrective Maintenance URCETERMINED Effects

NREL cdp_infr_72
Created: May-04-18 5:40 PM | Data Range: 2011Q1-2017Q4
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Real World Example

Figure A2. pressure relief valve componenfé: failed nozzle suassembly (A1 and A2);
inlet base (B); disk subassembly (C); set spring (D).

Pressure Relief Valve failure caused hydrogen release-
maijor safety response and evacuation

Type 440C stainless not suitable for ths application
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Help Us to Spread the Information

Celebrate National Give an “Increase your
Hydrogen & Fuel Cell Day H21Q” presentation in

October 8 or 10/8

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

your community

INCREASE YOUR

Download for free at:

H",FCI rogen energy.gov/eere/fuelcells/downloads/
increase-your-h2ig-training-resource

1.008

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

Save the Date and Sign up for Our Newsletter

All relevant DOE offices and other federal agencies
working on hydrogen and fuel cell technologies at

Annual Merit Review (AMR)

2019 AMR - April 29-May 1
Crystal City, VA
www.hydrogen.energy.gov

Sign up to receive hydrogen
and fuel cell news and updates

www.energy.gov/eere/fuelcells/fuel-cell-technologies-office-newsletter
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It is literally true that you
can succeed best and
quickest by helping others
to succeed

- Napoleon Hill



Thank You

Fuel Cell Technologies Office

Sunita Satyapal
Director
Sunita.Satyapal@ee.doe.gov

Looking for more info?

#H21Q

www.hydrogen.energy.gov

hydrogen.energy.gov
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