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Presenter
Presentation Notes
Good morning and thank you for being here.I’m (name)  and I’m giving this presentation on behalf of U.S. Department of Energy Fuel Cell Technologies Office (FCTO). I’m here to talk to you about some of the activities and progress enabled by the FCTO in hydrogen and fuel cells.I look forward to talking with some of you on how we can collaborate more to continue advancing hydrogen and fuel cells R&D challenges and  enabling the transition of this clean and versatile technology to the market. And because I’ve been told our minds are designed to remember three or four things at a time, I’ve broken out my talk into 4 key messages that I’d like you to walk away with. So let’s get to it.
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EERE Fuel Cell Technologies Office (FCTO)

Early R&D 
Focus

• Energy security
• Energy resiliency
• Strong  domestic economy

Applied research, development and 
innovation in emerging hydrogen 

and fuel cell technologies leading to:

Fuel Cells

Impact

• PGM- free 
catalysts

• Durable 
MEAs

• Electrode 
performance 

Hydrogen 

• Production 
pathways  

• Delivery 
components 

• Advanced 
materials for 
storage 

60% Lower Fuel Cell Cost 

Greater Fuel Cell Durability 

PGM = Platinum group metals
MEA = Membrane Electrode Assembly

Early R&D Areas

2006 Today

$/KW
$124/KW

$50/KW

4X more hours

80% Lower Electrolyzer Cost 
for H2 production since 2002

of fuel cell lifetime since 2006

At low-volume

At high-volume

Infrastructure

• Safety
• Manufacturing 
• Delivery 

components
• Others

Enabling

Presenter
Presentation Notes
Here is how DOE is addressing hydrogen and fuel cell R&D challenges. The U.S. Department of Energy’s (DOE) Fuel Cell Technologies Office (FCTO) within the DOE’s Office of Energy Efficiency and Renewable Energy is focused on early research and development (R&D) in hydrogen and fuel cell technologies leading to energy security and resiliency and paving the way to a strong domestic economy. Early R&D areas span fuel cells and hydrogen R&D, which enable advancements in catalysts, electrodes, H2 production and delivery pathways, and advanced materials for H2 storage. Through early R&D, FCTO has enabled technological breakthroughs reducing the cost, improving the performance and accelerating the market entry of hydrogen and fuel cells, including: Cut the cost of automotive fuel cells (at high volume) by 60% since 2006 to roughly $50/KW today. Quadrupled the lifetime of a fuel cell since 2006 to more than 120,000 miles or 4,100 hours. Cut the cost of electrolyzers– a technology to produce hydrogen- by over 80% since 2002.Enabled 650 U.S. patents and about 30 technologies developed by industry in the market.
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Hydrogen is one part of an ‘all of the above’ portfolio

Clean , sustainable, versatile, and efficient energy carrier

H2 can be produced 
from diverse 

domestic sources

Many applications 
rely on or could 
benefit from H2
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Upward trend with global fuel cell shipments 
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fuel cell units

$2 Billion
Approximately

70,000

fuel cell revenue

fuel cell power
650 MW

shipped worldwide

shipped worldwide

Source: DOE and E4Tech

Electrolyzers: Over 100MW/year estimated global sales
*Courtesy of NOW, E4tech and partners: A collaborative effort to assess  electrolyzer market potential 

Presenter
Presentation Notes
We continue to see growth in fuel cell power shipped annually. Mostly in transportation, and mostly in PEM over the last year.With 500 MW of fuel cell power shipped worldwide and a $1.6B in fuel cell market revenueThis is a very exiting time for growth of the fuel cell industry!
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Commercial 
fuel cell electric 

cars are here

An exciting time for the transportation sector 

No petroleum, no pollution
Refuels in minutes
More than 360 mi driving range
Over 60 mpgge

As of Dec 2017

Hyundai Tucson Fuel Cell SUV

Honda Clarity

in the United States
Nearly

5,000
sold or leased

Toyota Mirai

Presenter
Presentation Notes
http://www.hyundainews.com/models/hyundai-tucson_fuel_cell-2018/photosAfter almost 4 decades since the DOE Fuel Cell Program started and, for the first time in history, we have the world’s first commercial fuel cell cars for sale or lease. Just pause for a second and let it register.People like you and me today are driving 3,000 of these cars in California aloneRefuel in minutes and have an impressive 360 mi driving range and go for up to 66 miles on 1 kg H2.
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Fuel cell buses in CA surpass 
19M passengers 

Industry demonstrates first                   
heavy duty fuel cell truck in CA

Real World Applications – In the U.S.Long-Range, Heavy Duty Applications Emerging 

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

Presenter
Presentation Notes
Heavy duty vehicle applications are also emerging, for example:Supported by the DOE Fuel Cell Technologies Office, the UPS and FedEx projects for larger vehicles like the ones you see on this slide can potentially double the driving range compared to battery electric counterparts.These fuel cell parcel trucks will be tested on actual deliveries in Sacramento and Albany as part of a demonstration phase. In California alone, fuel cell buses have carried over 17 million passengers and one of the fuel cell buses recently surpassed a 25,000 hours milestone for durability. Industry recently unveiled the first fuel cell powered heavy duty truck prototype that will be tested along the California coast and that emits nothing other than water vapor; and The U.S. Army and General Motors collaborated to develop the Colorado ZH2, a hydrogen-powered military vehicle that produces water for field use. 
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Real World Applications – In the U.S.
Fuel cells used to power 

new World Trade Center in NYC 

Fuel cell power for maritime ports 
demonstrated in Honolulu, Hawaii 

Fuel cells provided backup power during 
Hurricane Sandy in the U.S. Northeast

Stationary Power Applications Emerging

Photo Credit: Fukuoka Pref.

Over 240 MW of fuel cell stationary power 
installed across more than 40 US states

Presenter
Presentation Notes
Fuel cells for back up power and stationary applications are taking a new importanceWith the recent natural emergencies and when specific sectors view uninterrupted electrical power as a necessity.This was the case during Hurricane Sandy, where multiple fuel cells were used in the Northeast as back up power.Many of you might be aware that the World Trade Center in NYC uses fuel cells to power some of its operations;And many more units are being installed all over the country for cell phone towers, data centers, hospitals, etc.In fact, in the U.S. there are over 235 MW of fuel cell stationary power already installed and serving more than 40 US states. One example of a niche market for this type of application is in ports.Supported by DOE, one of the world’s first fuel cell for maritime ports was demonstrated in Honolulu Harbor in Hawaii in collaboration with the maritime administration. 
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Multiple H2 and Fuel Cell Applications in the U.S. 

Backup Power

Forklifts

Fuel Cell Buses

H2 retail stations

fuel cell cars

>240MW

>20,000

5,000

35

Nearly

*Excludes recent announcement from CA to invest $235M in electric vehicles 

U.S. Snapshot

>30

States with Growing Interest

$180M*
The total amount states 
have invested in H2
infrastructure in the 
past decade*

More than

CA HI, OH, SC, NY, CT, MA, CO, UT, 
TX, MI, and others with interest• 200 stations planned

• Over 30 public stations open
• $150M invested
• $235M announced in 2018

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

Latest News: 200 stations by 2025 in CA
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H2@Scale concept
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Vision
H2@Scale: Enable 

affordable, reliable, 
clean and secure energy 

across sectors
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H2@scale: Enabling affordable, reliable, clean, 
and secure energy across sectors

More information at: www.energy.gov/eere/fuelcells/h2-scale

http://www.energy.gov/eere/fuelcells/h2-scale
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The Duck’s belly is getting bigger

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

ramp need
~13GW
in three hours

2018

2012 
(actual)

2013 
(actual)

2014
2015
2016

2017
2019

2020over generation risk

Actual 3-hour ramp
of 13GW on December 

18, 2016

Net Load of 8.5GW on 
May 14, 2017

Steeper 
Ramps

Deeper 
Belly *

Source U.S. DOE Solar Energy Technologies Office

Can be 
addressed by 
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Lab testing electrolyzers’ value for ancillary services 

Idaho National Lab (INL)

National Renewable Energy Lab (NREL)

First Ever Validation of Frequency Regulation with Electrolyzers 

Lab testing shows dynamic 
response within seconds and 

potential for grid services

Presenter
Presentation Notes
Using our facilities at INL and NREL, labs have- for the first time-  used real time grid simulations, analyzing specific faults in regions such as California in partnership with utilities. and where H2 could offer valuBesides hydrogen for energy storage, we all know that the U.S grid uses 60 hertz AC to provide electricity.When there are large, sudden changes in the load and/or generation, the frequency can change. Though batteries or hydropower are often used for energy storage, recent work indicates that sudden changes can lead to thermal management issues and create hotspots with batteries, while electrolyzers have better thermal management and can respond fast enough without issues.For the first time, national labs have shown that electrolyzers can help regulate grid frequency and voltage changes (show animation)- returning back closer to 60 Hz.Additional Info:Besides hydrogen for energy storage, we all know that the U.S grid uses 60 hertz AC to provide electricity. When there are sudden changes in the load and/or generation, energy storage such as electrolyzers, batteries, and hydropower are activated to support the grid. Research indicates that such sudden changes are leading to thermal management issues and creating hotspots with batteries. Since electrolyzers have better thermal management, they can respond fast enough without any issues. For the first time, national labs have shown that electrolyzers can help regulate grid frequency and voltage changes (show animation). A hydrogen refueling station can compensate the variability due to renewable energy of approximately 3 times of its own size.  INL data shows that , for a typical day, renewable energy variability of 9.5 MW of renewable was offset by 3 MW of electrolysis with reference to Bay Area studye.
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Integrated control & dispatch of renewable hydrogen

Goal: Demonstrate a 100% renewable hydrogen end-to-end supply chain

System integrates: 

1. Autonomous controlled 
hydrogen export terminal

2. Frequency regulation and 
demand response through 
control and dispatch of 
electrolyzer and battery 
systems

3. Optimized dispatch of 
electricity to meet 
customer demand. 

Impact: Reduced operating costs, increased renewable H2 production from 
highly integrated projects

Presenter
Presentation Notes
The project is designed to achieve two primary objectives: 1) optimize the integration of a 100% renewable hydrogen end-to-end supply chain, supplying seven hydrogen refueling stations (HRS), and 2) realize significant cost reduction through application of systems integration and control methods at scale (an important precursor to future expansion of renewable-source hydrogen production). This project aims to autonomously produce approximately 1,000 kg/day via electrolysis powered by a 10 MW solar generation system by developing and implementing advanced control strategies. The integrated hydrogen production system will push beyond the current method of renewable energy credits for renewable hydrogen with an optimized, autonomously controlled system to decrease the renewably produced hydrogen costs by approximately 20%-50%. While this functionality has been demonstrated in laboratory settings, and partially in commercial settings, this project pushes the state-of-the-art by ensuring the on-site power customer is served, the grid is provided required services, and the local hydrogen stations being served do not experience outages.Shell and NREL will integrate sub-systems, implement automated safety systems, and develop a control system to optimize the integrated Solar-Hydrogen production facility, enable autonomous operations, and deliver additional capability to the project such as the ability to provide grid services in order to significantly reduce costs while meeting obligations of the onsite customer and hydrogen export needs. In addition to implementing autonomous operation, DOE funding will allow for the validation of national laboratory electrolyzer control capability developed by INL/NREL on this first of a kind commercial project. 20-40% fuel cost reduction
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Hydrogen Energy Storage is Scalable

One hydrogen 
cavern

could provide
~ 100 GWh

energy storage 

Image: Hydrogen Council

Hydrogen can be used to monetize surplus electricity from the grid, or 
remote, off-grid energy feedstock (e.g. solar, wind) for days to months.

Presenter
Presentation Notes
Today, geologic caverns are used to store thousands of tonnes of hydrogen to buffer seasonal differences in supply and demandThree salt caverns in the U.S., nd significant salt deposits in the center of the country and around Great Lakes region.Another geologic method of hydrogen storage is in hard rock deposits; significant hard rock deposits in NW and East Coast.Today, there is one hard rock cavern in the world in Sweden.In the future, cavern technologies may also be of interest if hydrogen is used for seasonal energy storageOne hydrogen cavern store about 100 GWh of energy; on par with other technologies such as pumped hydro
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Labs assess 
resource 

availability. Most 
regions have 

sufficient 
resources.

Red: Only regions where 
projected industrial & 

transportation demand 
exceeds supply. 

Lab PIs: Mark Ruth, Bryan Pivovar, Richard Boardman, et al

H2@Scale: Nationwide Resource AssessmentH2@Scale: Nationwide Resource Assessment

Presenter
Presentation Notes
Analysis is the other key area. Labs did a comprehensive assessment of resource availability for H2@Scale. Most regions can satisfy long term demand for transportation and the industrial sector, and the red shows only a few regions where demand exceeds local supply.
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H2@Scale: Value to industrial processes?

Electrical power plant cooling

• Over 16,000 H2 cooled generators worldwide

• Less delivery logistics, inventory management,    
1-2 yr payback and improved efficiency

• Potential $2B addressable market

Iron Refining, Steel manufacturing 
Source: Proton 

• More energy efficient when hydrogen 
used as reductant at high temperatures 

• Potential annual savings of over 
$100,000 for a 100,000 ton/year plant

Image Credit: Berry SteelSource: EERE Advanced Manufacturing Office, Berry Metal   

Presenter
Presentation Notes
A significant market for electrolyzers today is at coal power plants, where hydrogen is used to cool turbines. Power plants require hydrogen to be high-purity and low-humidity, and commonly use delivered cylinders.  Due to the fees associated with cylinder delivery, installing an onsite electrolyzer typically offers a pay-back within 1-2 years.Moreover, electrolyzers can be integrated directly with the turbine, while cylinders typically are not  The direct connection allows for higher pressure supply, improving plant efficiency.  A potential future market for hydrogen is in iron refining.  Today, pellets of iron are commonly refined using an approach called direct reduction of iron (DRI), which relies on natural gas. The DOE’s Advanced Manufacturing Office is currently funding the development of an alternative to DRI known as flash ironmaking technology (FIT), at Berry Steel.  The team originally planned to use natural gas in their technology, but found over the course of their work that use of hydrogen is more energy efficient.This is because the process operates at high temperatures up to 1300C.  It takes less energy to heat hydrogen to 1300 than methane, making the use of hydrogen more efficient.This is an example of an emerging application where hydrogen can serve as a value-add. 
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Global Hydrogen Infrastructure Activity Underway 

50,000 cars by 2025, 1M by 2030
300 stations by 2025, 1,000 by 2030

40,000 cars by 2020, 
800,000 by 2030
160 stations by 2020, 
320 by 2025

10,000 cars by 2020, 
630,000 by 2030
100 stations by 2020 and 
520 by 2030

Japan

South Korea

China

1,000 cars by 2020
100 stations by 2019

Up to 400 
stations by 2023

Germany

France 

200 stations by 2025
U.S (California)
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IPHE: International Partnership for 
H2 and Fuel Cells in the Economy

Republic of Korea

Norway

Russian Federation

South Africa

United Kingdom

United States

Australia

Austria

Brazil

Canada

China

European Commission

France

Germany

Iceland

India

Italy

Japan

• Share information on H2 and fuel cells, 
lessons learned, best practices

• Increase international collaboration to 
accelerate progress

Launched 2003 and includes 18 countries and the European Commission

U.S. elected 
as Chair  

May 2018

Presenter
Presentation Notes
The U.S. actively collaborates on H2 and fuel cell challenges with other countries through IPHEThe IPHE is an Inter-Governmental Partnership that provides:A forum for sharing policies and collaborative initiatives to accelerate the cost-effective transition to the integrated use of hydrogen and fuel cell (HFCs) in the economy; and,A mechanism to share information and facilitate international research, demonstration and deployment activities related to HFC.Member countries are undertaking significant research, development, demonstration and/or implementing policy initiatives to increase the use of HFCs in the economy.IPHE’s Current Priorities focus on:Highlighting policy and regulatory actions to support widespread deployment in the energy and transportation systems;Accelerating market penetration and early adoption of HFC technologies and their supporting infrastructure; Raising the profile of the current and potential opportunities with HFCs with policy-makers and the public; and,Monitoring hydrogen, fuel cell and complementary technology developments and inform members in support of action.The next IPHE stakeholder government dialogue will take place next month on May 20th in California. 
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H2@Ports and H2@Rail 
Initiatives 

Photo Credit: EPA 

Prime propulsion & 
auxiliary railway 
locomotives

Seaport Applications

 Collaboration with DOT-Maritime 
Administration (maritime) & DOT-
Federal Railroad Administration 
(rail)

 Conduct R&D to assess the 
technical and economic potential 
of hydrogen use for: 

Photo Credit: New York Times

Presenter
Presentation Notes
Seaport applications include: Forklifts, Drayage trucks, Cranes, Yard dogs, and Cold ironing Assess technical and economic potential of hydrogen use for prime propulsion and auxiliary power of railway locomotives in various operations scenariosShunt/switch yardLong line haulRegional passenger transit.The new trains transport passengers along 100 kilometers (62 miles) of track and can travel up to 1,000 kilometers (621 miles) on a single tank of hydrogen, reaching top speeds of 140 km/h (87 mph).
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Learn more at: energy.gov/eere/fuelcells

Opportunities for outreach and to increase awareness

Celebrate National 
Hydrogen & Fuel Cell Day 

October 8 or 10/08
(Held on its very own atomic- weight-day) 

Information and 
Training Resources to 
Increase Awareness 

Learn more: 
Download for free at: 

energy.gov/eere/fuelcells/downloads/increa
se-your-h2iq-training-resource

H2tools.org

Presenter
Presentation Notes
Public education is a powerful tool that we can all help withSo spread the word by celebrating Hydrogen and Fuel Cell Day (held on its very own atomic-weight-day) on October 8.You will not only educate people about the technology but they will have an easy way to remember that the atomic mass of the simplest and most abundant element in the universe is 1.008! This year in celebration of hydrogen and fuel cells day we launched our Increase your H2IQ training resource.You can download the resource for free at the website you see listed on this slide and use it to give an “Increase your H2IQ” presentation in your community!
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www.hydrogen.energy.gov

Thank You
Dr. Shuk Han Chan

ORISE Fellow
Fuel Cell Technologies Office
Shukhan.chan@ee.doe.gov

Presenter
Presentation Notes
Thank you for your attention and look forward to a productive discussion to identify concrete mechanisms in which we can collaborate. Listed on this slide is the contact for Sunita Satyapal, FCTO Director. Feel free to reach out with any other additional questions. 

mailto:Shukhan.chan@ee.doe.gov
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