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To enable and accelerate the successful commercialization of
hydrogen fuel cell technologies through development of
advanced hydrogen storage technologies able to cost-effectively
meet application performance requirements.

Light-duty fuel cell electric
vehicles

* Primary focus

e Driving range of at least 300 miles without
compromising passenger and cargo space or
vehicle performance

* Cost & performance targets established in
consultation with automotive OEMs

High-value, non-automotive
applications

Secondary Focus
Support advancement of FCEVs:

* Infrastructure / supply chain development
(e.g., material handling equipment)

* Leverage prior DOE-supported R&D

Targets for MHE and portable power
established with stakeholder input

Advanced H, storage technologies are critical for successful

commercialization of hydrogen fuel cell technologies
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Dual approach Technology Focus Barriers and R&D Focus

*Lower Cost Carbon Fiber
*Improved Composites
*Conformable designs
*Lower Cost BOP

700 bar

Near-Term

Approach +System Engineering

Compressed
*Advanced Insulation

Cold / Cryo-
’ *Improved Dormancy
*Composite Development
Ex. NaAlH, «Higher Material Capacity
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) Longer-Term
Approach

Ex. MOF-5 *Higher Material Capacity
s 22 *System Cost
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Near-term — address cost and performance of 70 MPa H, storage;

Long-term — develop advanced technologies with potential to meet all targets
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Dual approach Technology Focus Barriers and R&D Focus

*Lower Cost Carbon Fiber
*Improved Composites
*Conformable designs
*Lower Cost BOP

Workshop focus 700 bar
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Near-term — address cost and performance of 70 MPa H, storage;

Long-term — develop advanced technologies with potential to meet all targets
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Projected Against DOE 2020 Targets

Gravimetric Density
Start Time to Full Flow (20°C)

1007 Min. Delivery Temp.

Fill Time (5kg H2) Max Delivery Temp.

Start Time to Full Flow (-20°C) Min. Delivery Pressure

Transient Response Max. Operating Temp.

Fuel Purity Min. Operating Temp.

Wells-to-Power Plant

Efficency Max. Delivery Pressure

Loss of Useable H2 Min. Full Flow Rate

Fuel Cost System Cost

Cycle Life (1/4 - full)
Based on FCTO Program Record 15013

Onboard Efficiency

Volumetric Density

Fuel Cost assumes Central SMR Delivered & Disnensed
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Projected Against DOE Ultimate Full Fleet Targets

Gravimetric Density
Start Time to Full Flow (20°C) ~ 100%——

~ Min. Delivery Temp.

Fill Time (5kg H2) Max Delivery Temp.

Start Time to Full Flow (-20°C) Min. Delivery Pressure

Transient Response Max. Operating Temp.

Fuel Purity | Min. Operating Temp.

Wells-to-Power Plant

Efficency \ Max. Delivery Pressure

Loss of Useable H2 Min. Full Flow Rate

Fuel Cost

Cycle Life (1/4 - fuII..)" On board Efficiency
Volumetric Density

Based on FCTO Program Record 15013
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Major cost items on a FCEV: $10,000 -
$9,000 -

e Storage System Cost is a close

2" to the fuel cell system >8,000 -

(projections based on 5.6 kg $7,000 - = Fuel Cell System

usable H, and 80 kW net fuel $6,000

cell), both of which need further $5.000 Hydrogen Tank

cost reductions ’
$4,000
$3,000
$2,000

$1,000
S0

Low Volume High Volume
(10k/yr) (500k/yr)

(credit: SA / ANL)

H, Storage is a key enabler for FCEV commercialization
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Total System Cost, $/kWh
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Filament Other
2020 Target Winding Manufacturing
Resin 6% / Proceses
I ) \ 3%
65 Material

4%\

10000 30000 80000 130000 500000 BOP &
Systems per Year Assem ny

25%

S -

Carbon Fiber
62%

Cost targets cannot be met
without significant reduction
in high-strength carbon fiber

composite costs

https://www.hydrogen.energy.gov/pdfs/15013_onboard_stor
age_performance_cost.pdf
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700 Bar Type IV System Cost Update*

518 -
$17/kWh

o ! EN
- 15/kWh
: 515/1
B .o
25% savings due to 13% increase due to design

=4
=

=
2
)
¥
§ $12
o~ technology improvements & manufacturing changes
W 510
o
o
E 53 EEE SO I I I T T T T T I S T T I B B B T T S S - _—
9 [ Ultimate DOE
) i
E 56 | Target
2 r
T Other Manufacturing Processes
: BOP & Assembly
2 L
B Composite Materials & Processing
W [ T T T T T T
2013 Record Integrated BOP  PMPML Low Cost  ORML Low Cost Design Change Manufacturing 2015 Tank
Low Density PAM MA CF [Dwoilies) Fiber Variation
Resin

*At 500k unitsfyr. Based on Program Record 15013

12% Net Cost Reduction since 2013
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2013: 2015:
$17/kWh $15/kWh

$18
$16
$14
$12
$10
S8
S6
sS4
S2
S0

2013 2015
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$18
$16
$14

$12

$10 Where do we go
8 from here?

S6
sS4
S2
SO

2013 2015



2013:
$17/kWh

$18
$16
$14
$12
$10
S8
$6
sS4
S2
S0

2015:
$15/kWh
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2020: Ultimate:
$10/kWh $8/kWh
-47%

2013

2015

2020 Ultimate
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Before Workshop After Workshop

—

* |dentify and prioritize specific R&D strategies to reduce costs of
COPVs for 700 bar hydrogen storage to achieve the 202 and
Ultimate onboard storage cost targets

* Identify and prioritize potential onboard storage strategies to
reduce the cost and complexity of the refueling infrastructure

Frank, open and honest discussion and

recommendations based on your expertise are
what we are looking for!




Thank you

Dr. Ned Stetson
Program Manager, H, Storage
Fuel Cell Technologies Office

ned.stetson@ee.doe.gov

hydrogenandfuelcells.energy.gov
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