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Overview of a Fuel Cell Propulsion System (FCPS)
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Successful R&D approach accounts for material-to-system interactions
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(Fuel Cell Materials <» Cell «<» Stack «<» FCS <> FCPS)




Fuel Cell System Technology Readiness Levels (TRL)
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TRL TRL Definition Platform Power | |71 - of \L
1 Basic Principle(s) Fundamental lF:croperty, not Zatim :
practical format
2 Technology Concept Practical concept
3 Proof-of-Concept Ex-stu, RDE = |
Eiﬂu_l_ﬂ!a_ln_!ilhﬂnwfipld I
4 Laboratory Demonstration 50 cm? MEA - Cathodein| | pombrans
— | GasDiffusion Layer
with Catalyst
5 Full-Scale Demonstration Large Active Area 500w / Coolantout Ceolartin
6 Demonstratuon in Relevant Short Stack 10kW
Environment =
7 Demonstrgtlon in System Mini-module 30KW
Environment L
8 System Verification Full-module 100kwW
9 System Validation Vehicle 100kW

GM has demonstrated real world experience at TRL 9 with 3 million miles

accumulated and individual vehicles approaching 150K miles under 8 winter
cycles




Sheet1

		Technology Readiness Level		Title		Fuel Cell		Battery

		1		Basic principles observed and reported		Fundamental property, not practical format		Fund. property, one desirable element, not others

		2		Technology concept and/or application formulated		Practical concept		Realistic approach defined

		3		Analytical and experimental critical function and/or characteristic proof of concept		Ex-stu, RDE		Half Cells

		4		Component and/or breadboard validation in laboratory experiment		50 cm2 MEA		Full Cells

		5		Component and/or breadboard validation in relevant environment		Large Active Area		1 Ah cell, cell phone type

		6		System/subsystem model or prototype demonstration in relevant environment		Short Stack		Automotive scale pouch, can

		7		System prototype demonstration in operational environment		Mini-module		Module

		8		Actual system completed and qualified through test and demonstration		Full-module		Battery System

		9		Actual system proven through successful mission operations.		Vehicle		Vehicle
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Fuel Cell

		Technology Readiness Level		Title		Power		Platform		Nat. Lab/Univ

		1		Basic principles observed and reported				Fundamental property, not practical format

		2		Technology concept and/or application formulated				Practical concept

		3		Analytical and experimental critical function and/or characteristic proof of concept				Ex-stu, RDE

		4		Component and/or breadboard validation in laboratory experiment		50 W		50 cm2 MEA

		5		Component and/or breadboard validation in relevant environment		500W		Large Active Area

		6		System/subsystem model or prototype demonstration in relevant environment		10kW		Short Stack

		7		System prototype demonstration in operational environment		30kW		Mini-module

		8		Actual system completed and qualified through test and demonstration		100kW		Full-module

		9		Actual system proven through successful mission operations		100kW		Vehicle





Fuel Cell (2)

		Level of Technology Development		TRL		TRL Definition		Platform		Power

		Basic Technology Research		1		Basic Principle(s)		Fundamental property, not practical format		0W

				2		Technology Concept		Practical concept		0W

		Research to Prove Feasibility

				3		Proof-of-Concept		Ex-stu, RDE		0W

		Technology Development		4		Laboratory Demonstration		50 cm2 MEA		50W

				5		Full-Scale Demonstration		Large Active Area		500W

		Technology Demonstration		6		Demonstration in Relevant Environment		Short Stack		10kW

		System Commissioning		7		Demonstration in System Environment		Mini-module		30kW

				8		System Verification		Full-module		100kW

		System Operations		9		System Validation		Vehicle		100kW






Fuel Cell System Technology Readiness Levels (TRL)
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Development Needs

Focus on a combination of
technologies that can enable
power densities > 1.5 W/cm?,z

Combination of bipolar plate, MEA and operating conditions
are required to achieve power densities > 1.5 W/cm?__i e area



Peak Efficiency

Fuel Cell System Level Targets 650

FORD MOTOR CO.

1 0L ECOBOOST Durability Power Density
D.OHC DI -3 5,000 hours 650 W/L
Displacemeant: EPA city / highway:
099 oo 3 /43 mpg
Block / head material: Assambly site:
cast iron / aluminum Cologne, Germarny; .
Horsepower (SAE net): Cralova, Romania Start from -20C Specific Power
123 @ 6,000 rpm Application tested:
Torque: "14 Ford Flesta SE 30 seconds 650 W/kg
125 Ib.-ft. (169 Nm) Additional applications:
@ 2,500 rpm Ford Focus, C-Max,
Specific output: Mondeo, Transit Courier
123 hp/L (Europe); B-Max (Europe,
B troke: Asia/Pacific); EcoSport
o pplgiuent (Asia/Pacific) —-2010 —-2015 Cost
Compression ratio: $40/kW
10.0:1

This 1.0L engine has a power density of ~ 950 W/kg.1:2 Engine power densities are expected to increase in the future.?

Increase in power density and specific power will enable FC remain competitive to incumbent technologies.

RL 4 level work for BPP may not be the biggest factor for FCS (TRL 8) level metrics.

Durability no longer a barrier for commercial entry of FCEVs. Cost reduction along with increase in power density is
desired to be competitive in the future.

2 > http://wardsauto.com/2015/2015-winner-ford-10l-ecoboost-dohc-di-i-3 3 > https://energy.gov/sites/prod/files/2016/06/f32/ace000 singh 2016 o web.pdf I



https://en.wikipedia.org/wiki/Ford_EcoBoost_engine#Specifications_2
http://wardsauto.com/2015/2015-winner-ford-10l-ecoboost-dohc-di-i-3
https://energy.gov/sites/prod/files/2016/06/f32/ace000_singh_2016_o_web.pdf

Table 3.4.4. Technical Targets: 80-kW, (net) Transportation Fuel Cell Stacks
Operating on Direct Hydrogen"’

Fuel Cell Stack Level Targets

Targets Targets
Stack power density® W/L 3,000¢ 2,250 2,500
2008 model fuel cell stack New fuel cell stack (MIRAI) Stack specific power W/kg 2,000° 2000 2000
Performance @ 0.8 V' mA/cm? |- 300 300
200 cells xdual-line stacking = 400 cells 370 Cost? $ /KW o 26" 20 15
' . [~ £ es petl — ¢ Single-line stacking - R
% == cells § Y Durability in automotive drive cycle' hours 3,900 5,000 8,000
u—'——;.-f 4 Start-up/shutdown durabilityk cycles - 5,000 5,000
1 0, m
Constant pressure fastening Q/aT; kW/C 19 145 145
Constant distance fastening
- Spring Robustness (cold operation)” see footnote | - 0.7 0.7
Robustness (hot operation)® see footnote | - 0.7 0.7
2008 FC —advanced MIRAI FC stack
Maximum Power 90kW 114kW Robustness (cold transient)” see footnote | - 0.7 0.7
Volumetric power density  1.4kW/L, 0.83kW/kg 3.1kW/L, 2.0kW/kg
Cell number of cells 400 cells, dual line stack 370 cells, single line stack
thickness of cell 1.68mm 1.34mm
flow channel straight channel 3D fine-mesh flow field

Stack Power Density Targets are set based on current values2. Stacks need to get lower cost and smaller to remain competitive.®

TRL 4 level work for BPP is critical for achieving stack level targets for power density and specific power.

Incumbent technologies are getting cheaper and getting there faster due to economies of scale. FC stack targets
should be revisited to remain competitive.

Il-) https://energy.govi/sites/prod/files/2016/10/f33/fcto_myrdd_fuel cells.pdf 2> https://lwww.electrochem.org/dl/interface/sum/sum15/sum15 p45 49.pdf 3 - https://energy.gov/sites/prod/files/2016/06/f32/es000_howell 2016 o web.pdf I



https://energy.gov/sites/prod/files/2016/10/f33/fcto_myrdd_fuel_cells.pdf
https://www.electrochem.org/dl/interface/sum/sum15/sum15_p45_49.pdf
https://energy.gov/sites/prod/files/2016/06/f32/es000_howell_2016_o_web.pdf

Fuel Cell Stack Level Targets (@ TRL4)
[ 2020 Targets ]

Characteristic Units
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» Research focused on developing new substrates and coatings can enable high power density plates
« Plate design that approach > 0.75 W/cm?,,,, ... Important to improve FC technology competitiveness



Summary

« Pre-competitive work on bipolar plates limited to TRL 4.

« Work on flow field design and water management impinges on
competitive areas, hence not suitable for funding.

* Need to increase focus on materials and processing of thin
metal foils to meet power density and cost requirements.

« Since processing costs can be higher than the material costs,
it is critical to understand process flow and cost models prior
to determining whether to pursue a new technology.

« Low-cost coatings that can be stamped are preferred for high
volume manufacturing.



http://www.uscar.org/commands/files_download.php?files_id=348
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