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IPHE — Who are we?

* International
governmental
partnership to
advance hydrogen and
fuel cells

* 19 member countries
and the European
Commission

e Formed in 2003

More information at: www.iphe.net
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http://www.iphe.net/

IPHE Global Reach

United
Kingdom Netherlands

| ~
France \G
ermany
l  United 1 |~/

States Japan

IPHE members comprise 2/3 of the world’s GDP and
invest nearly $1 Billion annually on H, and fuel cells

- IPHE Member Countries

2030 Vehicles & Stations Goal

LIPHE Country Updates



Global Activities and Commitments are Strong

United
Kingdom Netherlands

| /
France
\Germany
| United -~

Japan

Today: >11,000 FCEVs, >300 stations, > million stationary fuel cells

Plans in process for millions of vehicles and thousands of stations
worldwide

- IPHE Member Countries

2030 Vehicles & Stations Goal*

LIPHE Country Updates




Key Drivers: Based on National Circumstances

1. Energy Security
 Security of Supply and Ability to Switch

2. Energy Efficiency and Resiliency

» Effective Use of Variable Generation — grid services and storage at system-wide and community
scale

* Moving from Centralized to Distributed Generation
3. Economic Growth: Innovation & Technology Leadership
* New Products and Supply Chains, Same Products Made Sustainably
e Skilled Jobs and Manufacturing Opportunities
* Taxpayers Return on Research, Development & Demonstrations
4. Environmental Performance
* Clean Air/Local Air Quality, Climate Change, Noise
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responded in March b
including the installati

* 5ix government minisi
approximately 2 trillio

* Parliament is working
expected to cover all
transformation.
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Next step for the deplc

Hydrogen & Fuel Cells in Republic of Korea @ I

Announcements and/or New Initiatives @
Germany

Announcements and/or New Initiatives @
United States

technologies

Budget

+ 5120M budget for 2019 under the U.5. Department of Energy Fuel Cell Technologies
Office R&D activities

+ 5450 funding announced on Mar 2019 to go towards H2@Scale [$320M) and medium
and heawy duty applications (515M)

Collaborations

» U.5. OE and Michigan 5tate collaboration announced on Feb 2019
* Global safety collaboration [collaboration with Center for Hydrogen Safety)

MNew RD&D Activities and Initiatives
* H-Mat Consortium launched to focus on hydrogen materials compatibility issue

Fored

* Multiple states announced activities covering energy storage, wehicles and fuels

+ Colorado — Zaro emissions vehicdlas mandate introduction
* Arizona- Plans to incraass energy storage capacity
+ Californla — Carbon intensity reduction reguirement went from 10% to 20%. in

* Industry plans to build new hydrogen liquefaction plants in Ca, TX and LA, e
Example of the HLE 5cale System



Republic of Austria

Transport, Inngesticm

= Fedaral Ministry benvit gu.at I

and Technaology

Announcements and/or New Initiatives

WIVA P&G: France
s i Green Hydrdllen E
including hydag Yy
production, Increasing number ( the North Net
storage and use i o vt | Il i
in transport, Region Normandie ) imvationgoard
industry and "Plan Normandie Hydrogéne” -
stationary implementation.
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On-going Technology Research and Analysis of Regulations,
Codes & Standards Necessary

UK

*

*

-

*

=
D 2018 - Clean growth Mission to est
one low-carbon cluster by 2030. Backec
Dec 2018 = Publication of ‘Clean Growt
carbon heating technaologies including b

Announcements and/or New Initiatives @ l

Jan 201% — Storage at Scale Competitiol
solutions including Power-to-X (>5Mw |

Jan 2019 - Publication of ‘Maritime 20¢
Feb 2019 — Winners of the Ultra-Low Er
refuelling infrastructure.

Mar 2019 — Offshore Wind Sector Deal
leadershipin offshore wind and advant
role for hydrogen,

Mar 2019 - Mew guidance on Renewab
Mar 2019 — Launch of public consultati
Apr 2019 = Launch of demao projects un
ReFLEX Orkney project (E28.5) to create
technaologies and Smart Hub SLES proje
innovative technologiesincluding hydr:

Announcements and/or New Initiatives @
(European Commission) m

Announcements and/or New Initiatives @
(China)

* Investments/Funding:

The 2019 Call for Proposals of the FCH U was successfully
deadline far applicationsis 23 of April.

* Investments/Fundin
v Highlight=*: lagistics vehicles, hybridisation, MW fuel cells f ’f B

hydrogenin NG grid (incl. PNR/standards), training of respol q projects from MOST
¥ |nternational collabaration with IPHE countries is encourag ”REHEWEIbl'E EﬂErg'y" Eﬂd Hvdrugen EHEFEEI'T'EEhn'DIOE\F" F'mgram
¥ Inter i collaboration insupport of Missio ovatior i T .
l;.;r:?irrlrjjlljﬂ :L:n tion insupport of Mission Innovatio 154.61 million RMB {US$ 2297 r‘|"|||||l;'.irl] from central finance

Funding [millien | Duration
RMBEB) [USS million)  [year)

Project name [main information) Lead agency

* New research & de"e"’pme“t: demonstr: Decomposition of water to produce hydrogen by solar ) . .
¥i'an Jiaotong University 11.92 (1.77) 4
The H2PORTS kick-off meeting Energy
The first internal technical meeting of the European project °| Hydrogen storage materialsand hydrogen storage South China University of 15.75 (2.34) 3
Technologies in Ports” was held in Valencia in February 2013, systems Technology
close collaboration with the Part Authaority of Valencia, and is Ch hun Institute of
Hydrogen production by IR TR
- Applied Chemistry, Chinese 17.59 (2.61) 3
solid polymer electrolyte (SPE) electralysis water i
T — Academy of Sciences
Large-scale wind/flight | tary hyd
rge-scale wind/light complementary hydrogen China Energy Group 26.18 (3.89) 3

production ({demonstration)




Examples of IPHE Activities

Regulations, Codes, Standards and Safety (RCSS)
2

* Foster RCS harmonization across countries CENTER FOR

* Share safety information, best practices, lessons learned H)’dl’t‘)gen

SAFETY

Education and Outreach (E&O) Country Updates

@ INTERNATIONAL PARTNERSHIP FOR
HYDROGEN AND FUEL CELLS IN THE ECONOMY

IPHE Country Update April 2019': United States

Sunita Satyapal

 Create unbiased factual materials

* Increase stakeholder engagement through
workshops, policy forum events, education events

* Share information on status, gaps, analysis,
opportunities, etc.

i ry As
and Renewable Energy (EERE) at the U.S. DOE. FCTO is one of the areas he oversees




International Collaborations

Government- Led Industry- Led
A 1
I \r 1
, CLEAN Hydrogen Energy Ministerial
F M I NI STERI AL
(HEM) Industry
Focus areas 2019 First meeting- October 2018 Associations
HZ
mvvg‘;ﬂ,d{vl_
r o= M4 O International Hyd rogen
. Energy Agency .
lea Car y [« l nahla Taoatrhar CounCII
fIEA vorishop o Launched in 2017 Widespread
) R&D TCPs, policy, analysis, reports . Over 50 CEOs Commercialization
Formed in 2003, over
FC H, 20 countries and EC
2/3 of world’s GDP
~ S1B/year in funding
Center for
www.iphe.net
MISSION INNOVATION Hydrogen Safety
Accelerating the Clean Energy Revolution
2017 Launched in 2019
H UN Global Technical Industry & Govt
2 Regulations (GTR) °

Hydrogen and
Increasing Priority: Enabling and Harmonizing Regulations, Codes and Standards Fuel Cells Focus




U.S. Perspective



U.S. All of the Above 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%
- Ssolar 6%
— wind 21%

biomass waste 4%

bicfuesls 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 a

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY FUEL CELL TECHNOLOGIES OFFICE
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Global Fuel Cell Shipments - Growth by Application

Fuel Cell Power Shipped (MW) @ 800 MW

900 fuel cell power
800~ shipped worldwide

700

, 600

§ 68,500

g 400 fuel cell units
300 shipped worldwide

200

100 @ Approximately
0 T , , | ol ®
2015 2016 2017 2018 $2'3 Bllllon

fuel cell revenue-

M Transport Stationary Portable

* Revenue from publicly available Source: DOE and E4Tech

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | FUEL CELL TECHNOLOGIES OFFICE



Fuel Cell Passenger Vehicles Status

” Fuel Cell Cars in the U.S.
7,

Over 6,800
6,000 Apr. 2019
More than

6,800 fuel cell
cars on the road

2,000

1,000

0 —_—

Jun-14 Jun-16 Jun-18

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



Hydrogen Infrastructure Status

Retail Hydrogen Stations in the U.S.

40 stations
Apr. 2019

10 e

More than 40

retail stations.

Plans for many
more.

20

o

2015 2019

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Real World Applications — In the U.S.

Workide Services

 Photo Credit: UPS

Fuel cell parcel delivery trucks starting
deliveries in CA and NY

Photo Credit: FedEx

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

First fuel cell tow truck fleet at
airport in Memphis

World’s first fuel cell for
maritime ports in Hawaii

Photo Credit: Sandia National Laboratories

FUEL CELL TECHNOLOGIES OFFICE




Real World Applications — In the U.S.

Industry demonstrates
heavy duty fuel cell trucks

ZH2: U.S. Army and GM collaboration
First of its kind

Photo Credit: Toyota

Fuel cell powered lights at
Super Bowl

Fuel cell buses in California surpass
20 million passengers

Photo Credit: NREL

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | FUEL CELL TECHNOLOGIES OFFICE
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Fuel cells for Stationary and Backup Power

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

Over 8,000 backup power units i e

de P | o y e d or on order Government and Railroad sites

Telecom and Railroad sites

Source: DOE State of the States: Fuel Cells in 2016 Report
U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | FUEL CELL TECHNOLOGIES OFFICE




Material handling Applications

More than 25,000 forklifts

Over 19 million refuelings



Hydrogen in the United States Today
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Hydrogen Production Units in the United States
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U.S. annual hydrogen production
10 million metric tons

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Petroleum
Processing

Largest Users in the U.S.

Fertilizer
o
638 A’ Production

21%

| FUEL CELL TECHNOLOGIES OFFICE




H,@Scale Initiative

Enable affordable, reliable,
clean and secure energy
across sectors
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H,@Scale: Enabling affordable, reliable, clean, and secure energy
across sectors

Hydrogen
Vehicle

Conventional Storage

Synthetic
Fuels

Upgrading
Oil/
Biomass

Renewables

Ammonia/
Fertilizer
Nuclear Hydrogen
Generation
Electric Grid Metrfsls
Refining

Infrastructure
Fossil

Other
End Use

Heating

Gas
Infrastructure

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY FUEL CELL TECHNOLOGIES OFFICE




U.S. DEPARTMENT OF ENERGY

Versatility

Volume

Value Proposition

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY FUEL CELL TECHNOLOGIES OFFICE
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What is differen
now?

U.S. DEPARTMENT OF ENERGY

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY FUEL CELL TECHNOLOGIES OFFICE
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Record-Low Prices for Utility-Scale Solar

250.0 USS/MWh
Iul Additional Drivers: Low cost wind -
. —— increased interest avoiding curtailment
and use of baseload nuclear
150.0 Saudi Arabia: World-record-
low bid by EDF and Masdar
I@I failed to be shortlisted by
REPDO. Instead, a higher bid
100.0 2200 200.0 submitted by ACWA Power
' (USD $23.4/MWh) won.
500 110.0 W
' 912 &wﬂm L I I
00 i 19.1

Dec-09 Jan-11 Aug-11 Aug-13 Jan-14 Jan-14 Jun-14  Jul-14  Jan-15 Mar-15 Feb—16 May-16 Aug-16 Sep-16

Peru  Ghana Peru South U.S. U.S. U.S. US. Morocco US. U.S. UAE Chile UAE
Africa

Source: GTM, DOE Solar Technologies Office

Nov-1/ Nov-1/
Chile  Mexico

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY FUEL CELL TECHNOLOGIES OFFICE




Electricity Mix is Changing

Example: Installed Capacity in Texas

Other Renewables

Cogen

__46%

Nuclear
DA%

A0
o_—
T

Gas-CTICC
36.8%

Source: ERCOT, DOE H2@Scale Workshop, TX

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY FUEL CELL TECHNOLOGIES OFFICE




Example: Hydrogen can help address grid needs

Preliminary study shows electrolyzers can reduce amplitude of power fluctuations by up to

65% in a grid with high renewables

No Electrolyzers With Electrolyzers
6 Preliminary results
4 '1 | o '|":I
| Y | 1 I”
j W Wl Vot 1.5 MW
2 4
=
=
0 ~4.5 MW
-2 4
-4
11 12 13 14 15 11 12 13 14 15
Hour of the day Hour of the day

Source: D. Murphy, et al, NREL and INL. Specific case with high solar penetration and electrolyzers used to compensate for power fluctuations

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | FUEL CELL TECHNOLOGIES OFFICE




H,@Scale: Enabling renewable energy transport?

Where we find abundant solar and wind energy

5.0

4.5

4.0

3.5

3.0

z.5

- i Annual averags dewct nommad solar resource. The e
I,lF‘“--.‘ dxla for Howas &nd the 48 contiguous STEDEE i8 8 b :I‘H‘EL
o L;_,-? 10 km, satellide modeled dataset (SUNY/MREL. 2007} *x

repressnting data from 1 20E-2005 T e e e b
The dala for Alaska is a 40 kmn dataset produced by 1he the Matonal Renewabie Ensgy Laboraiong
Cimatological Sclar Radation Model (NREL, 2003), B o

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

FUEL CELL TECHNOLOGIES OFFICE



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

DEPARTMENT OF ENERGY

Thie population of the United States
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H2@Rail and H2@Ports Initiatives

= U.S. DOE in collaboration with:
— Dept. of Transportation (DOT)-
Federal Railroad Administration
— DOT-Maritime Administration

Data Centers and Energy Storage
Applications

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | FUEL CELL TECHNOLOGIES OFFICE 31



Scenario Analysis for Hydrogen Fueling Station Rollout

Modeling the optimal size and placement of

hydrogen stations over time under various scenarios

State Success 2050
Number HRS: 11,800

Denver-Aurora, CO Kansas City, MO  Minn.-St. Paul, MN  Chicago, IL Columbus, OH P .
Total Stations: 91 S Total Stations: 27 Total Stations: 57 Total Stations: 366 Total Stations: 18 op. Enabled: 126 M
Ave Cap (kg/d): 1,853 Ave Cap (kg/d): 689 Ave Cap (kg/d): 1,031  Ave Cap (kg/d): 1,953 Ave Cap (kg/d): 736 Boston. MA /
Seattle, WA L " Total Stations: 346
Total Stations: 248 C i\ el Ave Cap (ka/d): 1,880 Los Angeles
Ave Cap (kg/d): 1,937 i g “ SR
T o N 4y New York, NY . Wl
Portland, OR ? ' SF = b Total Stations: 1,627 San Francisco-Oakland
Total Stations: 157 ’ 5 " \ . "‘\-\_\ Ave Cap (kg/d): 1,959
Ave Cap (kg/d): 1,896 , [ h

~_— Atlanta, GA
g Total Stations: 217

Total Stations: 138 Ave Cap (kg/d): 1,331

Ave Cap (kg/d): 1,782 o -
Los Angeles, CA 4' = 9:

Sacramento, CA a
s @q\.

Houston, TX

3 @ Total Stations: 302
Total Stations: 1,519 TN i { Ave Cap (kg/d): 1,944
Ave Cap (kg/d):1,951 Las Vegas, NV : o TR St ) Miami, FL
Total Stations: 122 {y Q; 4\ ” Total Stations: 129
Ave Cap (kg/d): 1,580 v S o Ave Cap (ka/d): 1,870
2150
E Tier 2 Mission Viejo
. . ew York Newar San Diego
Tiers represent clusters of sequential 100 N S”:t“ « /,9 g
FCEV introduction, based on early Tier 4-6 Pomand&\% - oncord
adopter metrics, industry input, and 50 \ Om Washington, OC
geographical considerations. . Tier 3

o]

San Jose -

o

00 05 1.0 15 2.0 25 3.0 35 40
EAM Density (1000 per square Mile)

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | FUEL CELL TECHNOLOGIES OFFICE
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H,@Scale: Supply and Demand Assessment

Assessing resource availability- most regions have sufficient resources

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

M,
Hrdrwm Muclear Emrﬂ Plants Thiis analysis represents potential generation from utility-scake photovoltaics and Thiis rra e was proadheced by the
{metric ton/miser) onshore wind resources minus todal hydrogen demand from the industrial secton: Mational Renewable Energy Laboratory
i refineries, biofusls, ammania and natural gas systems [metals ae not included] and the feor the U5, Despartrment of Enengy.
- 2,000 - 4,500 . Currently Operating transport secior: light duty wehicles and other tramsport. The data has been nommalized . " "
! . i X Micholas Gilroy, March 27, 2017
- 1,000 - 2,000 . by areas al their respective spatial scales, and then summarized by county.,
[ 350 1,000 Q Anncunced Retirement
- Diata Source: MAEL anakysis
I:l -350 . Recently Retired Rokson, & Preserving America's Clean Energy Foundation Retrieved March 23, 2017, e adly
Bl 2200-0 fram httpafwww thirdway, orgdreport/ preserving-amernicas-clean-energy-foundation  saTinnal AENEWASLE ENERSY LABORATORY

Red: regions where projected industrial & transportation demand exceeds supply for given scenario

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY FUEL CELL TECHNOLOGIES OFFICE



Analysis and R&D Projects Underway

H, Demand
2030 )
25.6 MMT

H2@Scale Consortium
Over 20 projects with DOE Labs, Industry, States

—.5. MS
@ Refineries 7 T A WP T H2 demand for FCEVs (1000 MT/yr)
. Ammonia I:I%den;;gd (1000 MT/yr) . f i's;; L § E g B
@ Ssyntheticfuel 5 ‘e’ \ E igﬁg
(J FCEVs ) . E 5;01-0:)00

Source: Elgowainy, et al, ANL

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY FUEL CELL TECHNOLOGIES OFFICE



Requests from Industry: Work with National Labs on...

Techno economic Hydrogen Materials R&D Grid simulation and

Testing R&D

Modeling and Analysis

v 'ﬁl Approx. 16,000 jobs today
m in the fuel cell car sector in the U.S.

Saurce: DOF, LS. Enerzy and Empiayment Regort (2017)

fu‘.
@'ﬁ in the future with fuel cell cars in the U.S.

T
Includes Direct alnd Indirect Jobs in

lamental
roperty changes 38 4

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY FUEL CELL TECHNOLOGIES OFFICE






DOE Cost Status and Targets for R&D

Fuel Cell R&D Hydrogen R&D
System Production, Delivery & Dispensing (72)2?r??mrge§steg§i§§n)
$210/kwW*

$180/kW* $16/gge’ 521/kWh
$13/gge

~$75/kW

Durability adjusted
(preliminary)

$17/kWh

100K/yr

S$45/kW to $15/kWh
. 500K/y( 55 /gge** 500K/yr

® $30/kW @ <S54/gge ® S8/kWh

*Based on commercially available FCEVs Range assumes current production from NG and delivery and dispensing.
"Highest possible cost at high vol., assumes H2 from electrolysis at $5/gge and delivery via pipelines and liquid tankers at $5/gge
** Lowest possible cost at high vol., assumes H2 from SMR at $2/gge and delivery via tube trailer at $3/gge

*Based on state of the art technology

@ Ultimate Targets I High-Volume Projection I Low-Volume Estimate

Notes: Graphs not drawn to scale and are for illustration purposes only. gge: gallon of gasoline equivalent

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | FUEL CELL TECHNOLOGIES OFFICE



Typical Example from Reliability Engineering

Need to increase useful life, improve reliability, durability, increase global supply chain

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | FUEL CELL TECHNOLOGIES OFFICE



Real World Data and Analysis Guides R&D

Capital Costs of Gaseous Stations! Maintenance Hours at Fueling Stations?

7%

22%

24%

11%

12% 47%

13%
m Compressor = Storage m Dispenser ®mGas Management

m Chiller m BOP

1. Assumes 180 kg/day station supplied by tube trailer. 2. Composite Data Product 21, NREL
Source: HDSAM, ANL https://www.nrel.gov/hydrogen/hydrogen-infrastructure-
https://hdsam.es.anl.gov/index.php?content=hdsam analysis.html
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https://hdsam.es.anl.gov/index.php?content=hdsam
https://www.nrel.gov/hydrogen/hydrogen-infrastructure-analysis.html

DOE Hydrogen and Fuel Cell Funding Appropriations

EERE - Fuel Cell Technologies Office (FCTO)

Key Activity

FY 2017

FY 2018

FY 2019

 Fuel Cell R&D
R&D

Infrastructure
R&D

Technology

Safety, Codes

Total

 Acceleration

Standards |

Hydrogen Fuel |

41,000

and 7,000

..32,000 0

Systems Analysis | 3,000|

18,000

(S in thousands)

54,000

7,000

32,0001 .

3000
19,000

30,000
39,000

21,000
2,000
21,000

7,000

| Safety, codes,

EERE: Office of Energy Efficiency and Renewable Energy
Additional funding for basic science, SOFC, ARPA-E- roughly 40M, subject to yearly appropriations and projects

U.S. DEPARTMENT OF ENERGY

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

New in 2019: Infrastructure R&D

Hydrogen
Infrastructure
R&D
18%

Fuel Cell R&D

0,
standards 6% i

Technology
Acceleration
17% Hydrogen Fuel R&D

32%

Systems
Analysis 2%

FUEL CELL TECHNOLOGIES OFFICE
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What can you do?

Get involved and help
spread the word!
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Real World Example: Share Lessons Learned, Best Practices

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

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

Type 440C stainless not suitable for ths application

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | FUEL CELL TECHNOLOGIES OFFICE



New Global Safety Partnership: Center for Hydrogen Safety (CHS)

Industry, governments partner: Access to 110 countries, 60,000 members through AIChE

AICHE  Fidogen

Pacific Northwest
NATIONAL LABORATORY

HYDROGEN
~ Safety Panel
HYDROGEN
Em_er_gency Response

Training Resources

SAFETY

U.5. DEPARTMENT OF

www.aiche.org/CHS

Office of
ENERGY EFFICIENCY &
RENEWABLE ENERGY
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Opportunities for outreach and to increase awareness

Celebrate National Information and
Hydrogen & Fuel Cell Day | Tr3ining Resources to

October 8 or 10/08

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

Increase Awareness

H2tools.org
INCREASE YOUR

e

Save the Date: May 18-21 2020
Hydrogen Annual Merit Review
Washington DC

Learn more at: energy.gov/eere/fuelcells
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International government collaboration to accelerate progress

The International Partnership for
Hydrogen and Fuel Cells in the Economy

Enabling the global adoption of hydrogen and fuel cells in the economy

www.iphe.net

Save the

Working Groups: Education & Outreach

Date: Regulations, Codes, Standards & Safety

Oct 23
In Seoul,

2{0]¢ Top ,('g\

IREC+IPHE il SHARE INFORM FUTURE FOSTER
INFORMATION | GOVERNMENTRD&D |  COLLABORATION

Find IPHE on Facebook, Twitter and Linkedin
Follow IPHE @The_IPHE
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e
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Formed 2003
Over 20 Countries

ik
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Hydrogen and Fuel Cell Day Challenge on Oct 8.

Builds on H2 Challenge in Netherlands

Teams drive 10.08 hours and score points along the way
Start in Japan, continue in Europe and finish in the U.S.
Players share experience in social media
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~2000 to Today

Today to 2040



Thank you

International Partnership
for Hydrogen and Fuel Cells
in the Economy
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