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Meeting Agenda™ — Day 1

Day 1: Expert Presentations & Panels

(Q&A to follow each individual session) ° Adva N Ced mate r|a |
11-00 AM Welcome, Context, & Overview of Workshop Goals
' Speaker: Dr. Sunita Satyapal & Dr. Ned Stetson, DOE HFTO dGVElOpment/
Component/System Overview & Technoeconomic Analysis
11:15aM | COMPOnent/System : Component focus
Speaker: Dr. Bryan Pivovar, H2ZNEW
Current Status and Needs: Advanced PEM Materials (Industry Panel)
Dr. Kathy Ayers, Nel Hydrogen
12:00 PM S ) e
Dr. Corkey Mittelsteadt, Plug Power Bipolar plate
Dr. Nemanja Danilovic, Electric Hydrogen Membrane Catalystlayers
1:00 PM | Networking Break o | w— H, out
1:45 PM Low-PGM/PGM-free Catalysts and Novel Supports 2008 | il
' Speaker: Dr. Debbie Myers, Argonne National Lab gg
i
Novel Membranes & lonomers EE
2:30 PM . . . R m| =
Speaker: Prof. Mike Hickner, Pennsylvania State University is:
ca Porous Transport Layers '
' Speaker: Prof. Iryna Zenyuk, University of California, Irvine Ho0 in meep se—
Bipolar Plates
3:45 PM Bipolar plate
Speaker: Dr. Ton Hurkmans, lonbond Porous transport layers
4:15 PM Wrap-up and Adjourn

*All times in Eastern Standard Time
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Meeting Agenda™ — Day 2

*All times in Eastern Standard Time

Day 2: Break-out Discussions

11:00 AM Welcome
R dl Ad d N | PTL and
oun Novel Low-PGM Novel PGM-free vance ove an
11:15 AM - OER Catalysts OER Catalysts PFSA T
12:45 PM y y Membranes Materials
12:45-1:15 PM Break
1:15-2:00 PM Report-Out
Catalyst Material PESA
Round 2 Cathode Discovery & Membrane Bipolar Plates and
2:00-3:30 PM Improvements Electrode . Coatings
Alternatives
Structures
3:30-4:00 PM Break
4:00-4:45 PM Report-Out

4:45 PM

Wrap-Up and Adjourn
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DOE funded R&D was critical to reducing PEM FC costs

* Advanced
300 11.0 .
material
o 250 oe & development
< 200 E’ played key role
# —H06 £ . .
% 50 2 in reducing FC
- {os T system costs and
100 o .
g - PGM loadings.
- 1°% o .
a. * Similar cost
0 0.0 reductions

2002 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

required for
electrolysis

l System Cost ($/kW) B PGM Loading (mg/cm?)

B. Pivovar, Nature Catalysis, 2(7), 562-565, 2019. https://doi.org/10.1038/s41929-019-0320-9
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Electrolyzers by Type

Type Pros Cons

Alkaline Well established, lower capital cost, Corrosive liquid electrolyte used, higher
more materials choices at high pH, high | ohmicdrop, lack of differential pressure
manufacturingreadiness, can leverage operation, shunt currents, limited
established supply chains, demonstrated | intermittency capabilities, efficiency
in larger capacity

Polymer Low ohmiclosses/high power density Requires expensive materials(Ti, Ir, Pt,

Electrolyte operation, differential pressure perfluorinated polymers), lower

Membrane operation, DI water only operation, manufacturingand technology
leverages PEM fuel cell developmentand | readiness, efficiency
supply chain, load following capability

Solid Oxide High efficiency, low-cost materials, High temperature materials challenges,

integration with continuoushigh
temperature electricity sources (e.g.,
nuclear energy), leverages SOFC
development and supply chain,
differential pressure operation

limited intermittency capabilities,
thermal integration, lower
manufacturingand technology
readiness, steam conversionand
separationchallenges

U.S. DEPARTMENT OF ENERGY

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Low
- Temperature
(0 - 200°C)

J

High
- Temperature
(>500°C)

Badgett, Ruth and Pivovar, “Economic considerations for hydrogen production with afocus on polymer electrolyte

membrane electrolysis,” accepted 2021.
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DOE-funded Materials Development Efforts in HydroGEN (2.0)

e 3 PEM focused FOA G' Approach: HydroGEN 2.0 Project Added to LTE Activities
projects.

HydroGEN LTE Projects
e Ful |y relevantfor the + 8 FOA projects with 41 nodes

— 3 currently supported (in

Georgia Tech z
(PD185) LANL Project

Pl: P. Kohl

discussions of this e
workshop, but only a . ot s

* 2 Supernodes with 14 nodes

limited subset of what - e 2.0with 4 nodes
R&D needS EXiSt /'LTE Node Labs \  support / LTE FOA Projects

. . INREL through:
within PEMEC space. Rt

O Projects added FY'18

O Projects added FY'20

-« ¥
Personnel
Equipment
Expertise

Discussed in PEC, P148A

Discussed here in LTE, P148

Capability

| @ Lawrence Livermore

4 National Laboratory Materials
—— Data

@ @
PEM: Understanding and AEM: Developing and
improving materials understanding materials

HydroGEN: Advanced Water Splitting Materials

https://www.hydrogen.energy.gov/pdfs/review21/p148a_alia_2021_p.pdf
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H2NEW: H2 from Next-generation Electrolyzers of Water

A comprehensive, concerted effort National Lab Consortium Team| | Clear, well-defined stack metrics to
. . W= -~ .
focused on overcoming technical tiNREL NL guide efforts.
barriers to enable affordable, reliable & || _ fhooor ahorory Draft Electrolyzer Stack Goals by 2025
efficient electrolyzers to achieve Argﬁ?ﬂﬂﬁwm = \.—c;,// LTE PEM HTE
<$2/kg H2 BERKELEY LAB F"ami;.lll: .
e 01 Fyol Nortwest Capital Cost $100/kwW $100/kW
aunching in Q _ ° !zgﬂﬁ!gmgﬁ % Kwrence Livermore | || Elect. Efficiency 0 | 98%at 1.5
* Both low- and high-temperature electrolyzers ational Laboratory 70%at 3 A/cm 2
$50M over 5 OAK RIDGE N=|yrona (LHV) Afem
over o years National Laboratory TLJSERRSR Lifetime 80;000 hr 601000 hr
The focus is not new materials but Utilize combination of world-class Durability/lifetime is most critical, initial,
. . experimental, analytical, and modeling .
addressing components, materials tools primary focus of HZNEW

« Limited fundamental knowledge of degradation
mechanisms.
» Lack of understanding on how to effectively
focuse | moltoRol accelerate degradation processes.
dTyL.":gf‘p“gg‘\ / |'dd:fi“'“°/ 4 , « Develop and validate methods and tests to
development / B Periormanca SRS on JECTY accelerate identified degradation processes to
1 N ' be able to evaluate durability in a matter of
Y ,@;ﬁ:fgg;;;us weeks or months instead of years.

\ ~ T apiiien ;:' « GRCs and PTLs are in scope for H2NEW and
\' ﬁ}’ / this workshop.

integration, and manufacturmg R&D

aterlals Integration Focu!
Electrolysns Performance Manufacmmg and
& Durability Scale-up
‘.

Targeted, focused effortto, \ Roll to RcII (R2R)
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PEM Stack Costs

$400
SRR AL Stack Targets Status 2023 2025
$350 m Anode GDL m Cathode GDL
$350 m Bipolar Plate CCM Ce” (Alcmz@lgV) 20 25 30
$35 Efficiency (%) 66 68 70
$300 I Lifetime (khr) 60 70 80
2 S5 Degradation (mV/khr) 3.2 275 225
& 3250 I Capital Cost ($/kW) 350 200 100
§$200 5200 PGM loading (mg/cm?) 3 1 0.5
[ $68
f 1
3 $150 $37 - . These 3 areas
b $100
$100 237 1. Increased efficiency/current
. density
0 .
’ . 2. Decreased PGM loading
o |- — || 3. Scale-up
Current 2.5A/cm2 1mg/cm2 Scale-up Midterm 3 A/cm2 0.5 Further Ultimate
Target mg/cm2 Scale-up  Target

Are the strongest levers for addressing
stack costs.

https://www.hydrogen.energy.gov/pdfs/review21/p196_pivovar_boardman_2021_o.pdf
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Hydrogen Levelized Cost

$4.00
W Capital Cost
$350 | $3.44 Fixed O&M Cost Select pathway to $2/kg and
H Electricity Cost . . p-
: S1/kg identified.
) 0.31 /=
% »3.00 $0.14
% $2.50 Much of HLC gains possible
S .
T through greatly decreasing
N 1.92 . .
g P20 $1.07 ’ capital costs and enabling lower
Q ° . o
= 150 cost electricity through variable
£ operation.
£ $1.00 $0.75 . $0.86
$0.32 , :
$0.50 These advances can’t come with
compromised durability or
$- ] - efficiency, so all three areas are
Current  Efficiency Lifetime Capital Cost Midterm Variable Further  Ultimate .
Increase Increase Reduction Target Electricity Capital Cost Target |Iﬂk€d.
Cost Reduction
Integration

https://www.hydrogen.energy.gov/pdfs/review21/p196_pivovar_boardman_2021_o.pdf
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Hydrogen cost coupled to electricity prices

0.10 50
=== Northern Illinois Hu.b 201? m— Capital cost $100/kW
0.08 - === Southwestern Public Service 2017 45 - we Capital cost $400/kW
Palo Verde 2017 Capital cost $900/kW
= | ong Beach 2018 404 [ $100/kW HLC $0.1/kg price range
0.06 > $400/kW HLC $0.1/kg price range
g j‘;_} i ] $900/kW HLC $0.1/kg price range
% 0.04 A g
© o 3.0 4
S 0.02- =
z 3 2.51
S
£ 0.0 o] —
@ g 2.0 -
—0.02 - T 15 - —
—0.04 A 1.0 - $100/kW HLC ($/kg): 1.54
$400/kW HLC ($/kg): 2.03
—006 T T T T T T T T 05 ' ' ! ! ! ! ! !
0 1000 2000 3000 4000 5000 6000 7000 8000 1000 2000 3000 4000 5000 6000 7000 8000
Hour Hours of operation per year
Location Marginal Pricing (LMP) for Both capital costs and electricity
electricity can be used to explore prices critical to HLC.
ope ratin g strate gieS Alex Badgett, Mark Ruth, Bryan Pivovar, “Economic considerations for hydrogen production with a focus on

polymer electrolyte membrane electrolysis,” Electrochemical Power Sources: Fundamentals, Systems, and
Applications, 2022, 327-364. https://doi.org/10.1016/B978-0-12-819424-9.00005-7
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Duty cycle implications for stresses on components

Price ceiling: $0.021/kWh, Capacity factor: 25%

Midnight
’ I| ml II l HI 0.04 Mean electricity price $0.012/kWh, Capacity factor: 25%, Price ceiling: $0.021/kWh, Cycles: 418
6 AM A
|‘ || | I 0.02 100 - ¥z On cycles >20h A Off Cycles >20h
| L
3 Noon A | m “ 3 75 |
* 000 ¥ .
.7 LMP
e heatmaps ; -

Price celllng $0. 029/kWh CapaCIty factor 50% Mean electricity price $0.019/kWh, Capacity factor: 50%, Price ceiling: $0.029/kWh, Cycles: 675

.d . h L
Midnight &b can glve 100 - w7 On cycles > 20 h ) #ziz Off cycles > 20 h
6 AM . . . )
L o2 [NSight into s
3  Noon 2 . 50
® " = potential
6 PM -0.02 ) 0
Midnight O pe ratl ng Mean electricity price $0.023/kWh, Capacity factor: 75%, Price ceiling: $0.036/kWh, Cycles: 556
H i A On cycles >20h mma Off cycles > 20 h
s tPr|ce ceiling: $0.036/kWh, Capaaty factor: 75% Strategles 100
0.04 75
6 AM 50
0.02
£L
= s 25 A
§ Noon 0.00 % 0-
0 5 10 15 20 0 5 10 15 20
6 PM -0.02 On cycle duration (h) Off cycle duration (h)
Midnight .
R N On-off cycle duration and frequency
T §feg:3523¢248¢¢
5 5 = 228 ¢ s can help support AST development.
Q Z O
Month ?
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Reference PEM Electrolysis System

« GCTool model for accurate representation of the system layout, and BOP components and flows Sample Parasitic Loads
* Model based losses for H, losses because of H,/O, crossover, H, purge (LPHS), and O, removal (DeO,) Mechanical BOP kWh/kg-H,
. . . . Water P 0.10
« Parasitic loads: rectifier/transformer, chiller, TSA dryer (regeneration and blower) gleT Umps
Radiator Fan 0.71
Cooling Tower 0.02
) TSA Dryer System
@‘Demmer Cooler DeO, Electrical Heater 0.14
Feed . : 30°C 2 :
R lat ;; ¢
Water Pump "‘;{512,”“& : y lHko/ T Regen Electrical Heater 0.19
A TZ_Z. A Tail Gas H, Blower 0.00
Carbon|—| Electric  DeO; HEHS J XD EI% Electrical BOP
Filter Heater Cooler H 1 : ifi
3 120°C 30°C | I A A Rectifier/Transformer 3.69
N Demister/ H N :
Sk - Water Tank AR ; : - : Hydrogen Loss
2 ) 202 5 : TSA Dryer : DeH, 0.22
0./H;0 l % ' I . Crossover H, and O, 0.43
| [
: s S S O Total 5.51
__| Electrolyzer l E
Stack !
Radiator ZD
H

Recirculation

Pump 3 E : SpentH;
AC
Rectifier

Compressor

Transformer

H, Storage https://www.hydrogen.energy.gov/pdfs/review
D 21/p196_pivovar_boardman_2021_o.pdf
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Models Contextualize Advances in Cell Components and Quantify
Remaining Progress Needed To Achieve DOE Targets

Stack Performance Targets
70% woltage efficiency 97.5% current efficiency V/l target: 1.79 V at 3 A/lcm?, 300 psi, 0.4 mg,/cm? anode catalyst loading

Target ASR and OER Activity
* OER Activity: Shorting-corrected current density at
iR-corrected 1.45 V, 80°C, 1 atm; Reference value:
~100 A/g,, for 0.4 mg,/cm2, 60 mV/dec Tafel slope

Target H, Crossover at 20°C
« Stack efficiency = Voltage efficiency (70%) x
Current efficiency (97.5%)

Example Target Application to PFSA Membrane
» With the status 100 A/g,, OER activity, it is more

. Reference Values of ASR N211 membrane: 2(_) . . Reference H, crossover for N211 in fuel cells: difficult to meet the current efficiency target than
mQ.cm? at 100% RH, 80°C, 0.1 S/cm conductivity 3 mA/cmz2.atm at 100% RH. Vil target _
Example contact resistance: 12 mQ.cm? « Meeting current efficiency target at 80°C with ) Z\(l::tlntz 0 géiirt;}! E)Friéertnt(?cr)rt]rt\) rs;;e;ningu?;(eriER
* Possible to meet V/I target at 80°C with N212 N212 membrane requires 40% reduction in H, offi cie%cp targets
membrane and status OER activity crossover ytarg
80 1.5 4
£ 97.5% Current
o 3 = Efficiency Line_ 4
70 | 920 c = _ -
£ a3}
NE 8ooC E 1 0 8 'V/l Tal’get Line,
O 60 - c [ 500 A/g,, OER Activity
O c 1
d g < I
S N < 2
& 50 T = V/I Target Line,
@ L,: 0.4 mg/cm? S o5 @ 100 A/g,, OER Activity
i 3 Alem? o _‘g 1 [
40 E:1.79V S =
: P: 300 psi % 97.5% Current Efficiency S
30 ekttt —t—t———_———————r——————— OO \ . \ . \ O B . , . , . ,
50 100 150 200 250 300 350 400 450 500 60 70 80 90 60 70 30 90
OER Activity, Alg,, Stack T, °C Stack Temperature, °C
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Operating Strategy

Existing Systems
Storage Refill Mode

Future Systems
Renewable Following

* Turn system on at certain vessel pressure
* Refill system at 100% system power
* Switch system to off or idle

* Follow renewable energy supply
* Maybe cap high and low performance
to minimize degradation

|
|
|
|
System $ . Supplied '
Load : Load
100% - T— 1~~~ | 100%
:
|
|
|
|
|
off/idle —-----t— - . Off/Idle |
|
|
— : —
e Steady state operation Time : Time
:
|
|
|
|
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State-of-the-Art vs Future Systems

Existing Systems™*

/ 2V @ 2A/cm? \

¢ 2-3 mg/cm? PGM
catalyst loading on
anode & cathode

« 60k — 80k hours in
commercial units

* Niche applications

Future Systems

/ZV @ > 2A/cm? \

 Thinner membranes
 Lower loadings

« >80k hours

e Supply following

« Renewable & Grid
Integrated applications

— Life support _ Wind
— Industrial H, _ Solar
— Power plants for cooling _ Nuclear

\' $3.7/kg H, PrOdUCtiO"*/ « $2/kg H, production*
| \ /

*High volume projection: https://www.energy.gov/sites/prod/files/2017/10/f37/fcto-progress-fact-sheet-august-p017.pdf
** K.Ayers, AMR Presentation PD094,06/2014 |
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PEMEC Cost Analysis

System Cost [5 ka) -PEM -1 MW Potential Cost Reductions in PEM Electrolyzer (1 MW)
00
S600 ETY .
4 [ ]
= Miscallanous o % B4 525
$500 L
m Coaling W Balance of Stack
B Hydrogen Processing 400 ® fssembly & End-
B Dweionized Water Circulation Plates
g 511 Bipolar Plales
m Power Supplies 3‘? 5300 wew '
™ Balance of Stack $200 b B Frame
» Assembly & End-Plates
B Porous Transport
m Bipolar Plates $100 Etackl:nrsl S3a7/W e
itachtu-st
» Frame Stack Cost = 577k LM
m Parous Transpart Layer %0 ¢l"°ﬁ vzﬁ '-"ﬁ;f 'I- @m\
o v""d‘ﬁ o

NI N

Annual Production Rate

u*““ o"“
e e .w*w

* Scale and supply chain build up significantly decrease costs but not enough,
materialsadvances also required.

* Impact of operating conditions on durability remains poorly understood.

Manufacturing Cost Analysis for Proton Exchange Membrane Water Electrolyzers
Ahmad Mayyas, Mark Ruth, Bryan Pivovar, Guido Bender, and Keith Wipke NREL/TP-6A20-72740
August 2019, https://www.nrel.gov/docs/fy19osti/72740.pdf
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Balance of Plant Cost (Parts Only)

* Focus of workshopis
stack, but BOP is
significant cost

BOP Cost Breakdown- 1MW System

1% m Power Supplies . .
PP contribution
= Deionized Water e |fstack advances
Circulation

enable cheaper
balance of plant, can
W Cooling have a strong
economic impact

™ Hydrogen Processing

8\

® Miscellanous .
— Power supplies

— Cooling
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Catalyst Coated Membrane (CCM)

Control Unit
(Temp., Pressure, Viscosit )
CCM Cost ($/kW) - 1 MW
ation gl:' i
20 B Scrap/Waste
70 1 e
.3_ —g $ Y o B Building
Coated membrane
[anode side only) E 5':' u EI'IE'r'E'p'
{Temp_,c:r:tsr:ul:.n\ln"is«msity] Cathode Ik Tank T 1‘- 40 B Variable
* o ®m Capital
0 dpIta
dr 10 W Direct Labor
Coated membra
b m v PGM and lonomer

i L %
k\ - S PSSP E S

nnnnn

B Membrane

Individual CCM —

Drying Oven ﬂ.rI‘II.Id F'I'ﬂl:hlﬂi]l‘l FI:-EI'I.'IE' [mh-rw}

Figure 3. Process flow for catalyst deposition using spray coating
QC = quality control

 Basedon 2019 economics, membrane larger cost driver at low scale, similar to
electrodes at high scale.

* Thick membranes and high loadings resultin large S/kW contributions.
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Catalyst

* |Ir costincrease/volatility was not
taken into account in previously
B DI - eeeveeomeeemeemememeeme e n e B presented Study.

200 S * Ir/Pthad been near parity over
v longer time scales.

% B - e o Significant need to ((thrift” Or
00 replace (if possible?) Ir.

e Earth abundance and recyclingare
additional concerns.

<o iy < o
1, %, 4 %,
o~ [
'r:'a} "'_:I"_E TE)-; 'I-E"(t:l_’
0 [ 0 7
w= Platinum Iridium

https://platinum.matthey.com/
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Polymer/lonomer/Membrane

v Maximum
Durability

Radical Scavengers

High selectivity

Optimized
PEMWE
Membrane

By

Gas Recombmatoon } -] 4

Minim o=huz| |

5 Catalyst ‘ . s 19 gsadll - =1 ]

El%: - ! High activity 2 Crossover ‘

L oy = o4 -3 :

&, _.-?7‘ %) f, Low Mobility i o |

| -~ |

e tf‘fe ?
¥e s . - Og

, . J 2 0 5 () 5 20

r ..J 2 Current density in A cm*

Polymer materials costs scale with
membrane thickness

Thinner membranes enable lower
ohmic losses and decreased polymer
costs

Require gas recombination
catalysts/layers (GRCs/GRLs) and
added processing steps.

PFSAs used almost exclusively to
date, come with additional concerns.

https://www.hydrogen.energy.gov/pdfs/review21/p186_park_2021_o.pdf
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Porous Transport Layer (PTL)

‘” * PTLs are a significantcost,
= M m performance and durability
a concern.

Compaction Ti- felts

* Relativelyunique to PEMEC
systems.

Figure 4. Process flow of the powder metallurgy process for producing titanium felts used as
in the PTL

PTL cost ($/kW) - 1 MW system * Largelyunderexplored by

Scrap/Waste the scientific community

= puilding * Tiand coating costs are
® Energy . . ]

S Variabie primary drivers at high
® Capital volumes.

B Direct Labsor

D A B .5:- 5§§3 ‘EPQ ﬁigb é{p égrv .;..,'?:-‘5' Coating Materials

W Titanium

Annual Production Rate [mi:fw]
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Bipolar Plates
[CoiI—Stzi:g‘issSteel]-[ Blanking J-[ Stamping

l e At scale, coating materials
] dominate costs

Au
Final Coated Plat - Physical Vapor - Cleaning
e Deposition (Chemical Bath)

Figure 5. Process flow for producing metal bipolar plates

e Thrifting or removing of

precious metals a primary cost
Biploar Plate Cost (S/kW) - 1 MW system

concern
Scrap/Waste * Without sacrificing of
u Building performance or durability.
W Energy
. B Variahble
= Capital

B Direct Labor

NS -.'_@ H‘fﬁb 1{5-53 u?é}h?&?mm@#ép Coating Materials

Annual Production Rate {unit/yr) W Stainless Steel
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Sensitivity Analysis

* Yield insightinto primary
1 MW PEM Stack Cost

Cost= $101/kW @ 1,000 units/yr cost drivers for PEMEC
stacks
MFE Process Yield {+20%)
Power Density (+20%) * Membrane cost, Pt loading,
Membrane Cost (178 pm, 90pm)| . .
Pt Loading (11 g/m2; 1 g/m2) precious metal Coat|ngs dare
Gold Thickness (+50%) . . o o .
ot 2008 easily identifiable materials
Stainless Steel Cost (+20%) advances for |mpa ct
PPS-40%G F Cost (+20%)
$30 $20 $10 S0 $10 $20 $30  $40 Change in Cost ($) ¢ I\/Ianufacturing processes
ainless . 0 oadin embrane ower Mg l I
PPSL_Z?JS?EGF SStLeI :Cust :;1?;;[] Thf:krli-ss {Tll-jg,.-'rnfz;gl r::ll::st?l?s I;ensitv P;?;ZSS and yIEIdS are Importa nt
{+20%) {£20%) {£50%) g/m2)  |pm,90pm)| {+20%) (£20%) . P d . b
W increase | $0.32 S0.65 $1.48 $8.49 5 5 $(15.27) | s(8.01) ower enSIty Can oe
m Decrease|  $(0.32) 5(0.65) 5{1.48) 5(8.49) | S{20.16) | S{12.87) | 52376 §29.83 impacted by materials
advances
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Meeting Agenda™ — Day 1

Day 1: Expert Presentations & Panels
(Q&A to follow each individual session)

Welcome, Context, & Overview of Workshop Goals

HHO0AM Speaker: Dr. Sunita Satyapal & Dr. Ned Stetson, DOE HFTO
11:15 AM Component/System Overview & Technoeconomic Analysis

Speaker: Dr. Bryan Pivovar, H2NEW

Current Status and Needs: Advanced PEM Materials (Industry Panel)
12:00 PM Dr. Kathy Ayers, Nel Hydrogen

Dr. Corkey Mittelsteadt, Plug Power
Dr. Nemanja Danilovic, Electric Hydrogen

1:00 PM Networking Break
Low-PGM/PGM-free Catalysts and Novel Supports

1:45 PM , i
Speaker: Dr. Debbie Myers, Argonne National Lab

2:30 PM Novel Membranes & lonomers

' Speaker: Prof. Mike Hickner, Pennsylvania State University

Porous Transport Layers

3:15PM . ; . . .
Speaker: Prof. Iryna Zenyuk, University of California, Irvine
Bipolar Plates

3:45 PM

Speaker: Dr. Ton Hurkmans, lonbond
4:15 PM Wrap-up and Adjourn

*All times in Eastern Standard Time
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