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ElectroChem, Inc.

ElectroChem, Inc. envisions a
future where a sustainable

global economy resides In
harmony with a clean, healthful

environment
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A Brief History

1986 ElectroChenis founded

1992 Dr. Radha Jalabecomes President and CEO of ElectroChem
1992 Firstto develop and sell a portable fuel cell system

1993 Firstto develop computerized test equipment

1995 Firstfuel cell company to be onlinenww.fuelcell.com

2002 Firstto develop a 5 independent cell test station

2005 ReceivedMassachusetts High Tech All Star Energy Award

2006 DevelopedNonflow-through IFF Fuel Cdr Space and Underwater
power plant

2012 PatentedIFF (Integrated Flow Fiel@ell design



i Area Of Expertise

ElectroChem, Inc.

Commercial Sales

Engineering and Research and

Design Development

Fuel Cell

Power Systems




ElectroChem Global Customers
More than 600 customers in 5 Continents
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ElectroChem Customers In
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ElectroChem, Inc. Contract R&D
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ElectroChem Innovations
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Title of Invention PatentNumber IssueDate

AContinuous Sulfur Removal Process 5,306,476 Apr 26, 1994

AHydrogen/Fluorine Powefenerating
System 5,607,784 Mar 4, 1997

wAiIr-Cooled HydrogenAir Fuel Cell 5,972,530 Oct 26, 1999

wintegrated Flow Field (IFF) Structure
for Use in Electrochemical Cells 8,313,870 Nov 20, 2012
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What is IFF

A Uniquelntegrated How Feld design

A Solves water management issugeelectrode
flooding or membrane drying out

A Low pressure drop

A Highfuel efficiency (100% fuaitilization)

A Orientation Independentc Zerog

A Simplifybalance of plantcomponents

A Maximize system energy efficiency
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Conventionalfuel cell

MEA

Conventional

Structuredflow channel

Water is carried away
by excess reactant gas flow

Openendedoperation

Unique Integrated Flow Field (IFF)

IFFuel cell

MEA

P e e e e e e e e e e
T T R AT T

ElectroChem

Porousflow channel

Water iscarried away
by wicking effect

Open and Deag@énded
operation
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Product Water in PEM Fuékll

Excess Water Transported

i:?ali:famr ;embrane by Proton &= 1o
2
Membrane . Pt
Wat Waste Heat ' Catalyst
ater .
Soai | crem P o
s \ :‘a;‘:::;:;::::'on ::::;l::,im- of Back diffusion of

Electrode Water Partially

Waste Compensates
Droplets
On Surface
0. @
Membrane

Excess product water at the
GDL blocks 0, diffusion to
the Catalyst

Water is the byproduct of the electrochemical reaction IREEM fuel cell, where it is
produced over the active area tfe electrode The way it accumulatesithin the gas
diffusionlayer (GDL) and flow field channels, strorgjfectsthe performance .
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Water Management in IFF

A Flow field structure is made of hydrophobic, and
hydrophilic material

A Simultaneouscontrol of Reactant Gadroduct
Water, and Vapor flow through separatehannels

A IFF preventseactant gas blocked by water
eliminating water flooding

A IFFkeeps the moisture; eliminating drying out of
proton conductive membrane

—
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IFF Designed for LoRRressure Drop

ECSOIFF Fuel Cell Stack Pressure Drop
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Low pressure drop in fuel cell stack reduces parasitic

power and increases efficiency
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Low Excess Gas Usage

Lowexcess gas maximizing oxygatlization rate

O, excesssccm 20 10 5 2 1

O, utilization
at 400mA/cn?”

77.8% 87.5% 93.3% 97.2% 98.6%

* At 400 mA/cm condition, a 50 crhfuel cell requiregqual to 70sccm
of oxygen
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IFF Designed fddigh Reactant Utilization

0.75

0.74 -

0.73 -

77.8% O2 Utilization

Cell voltage, V

0.72 1=

—387.5% O2 Utilization

0.71 -

0.7

0 50 100 150 200 250

Time, min
0.75

0.74 4

0.73 1 ssscccccce 3 7 290 02 Utilization

Cell voltage, V

072 { =" — 98 6% 02 Utilization

0.71 A

0.7

0 50 100 150 200 250 300

Time. min

IFF removes water by wicking effect and not by excess gas flow. It uses low
excess gas and give high utilization rate.
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Orientation Independent

90°

E o

I:” O, electrode

Y 1

180°

270°

O, electrode

ey

o 1T
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Orientation Independent

0° Oritentation 180° Orientation
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(8] ] 8 1
0.7 1 400 mA/cm e
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0.65 1 : : : : : 0.65 . . . . .
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0.9 T
""""""""""""""""""""""""""""""" ] 50 mA/cm?
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. ] 5 100mA/cm?
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L 08 e T g 0.8 -
= IR Santtens TR
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0 100 200 300 400 500 G600 0 100 200 300 400 500 600
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w Hfective water management at all the orientations
w Provides system design flexibility




Application of IFF
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wH2/AiIr fuel cell
wH2/02 fuel cell

wElectrolyzer

wDMFC
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IFF in HAIr Fuel Cell

Net Power vs Current Densityith Low and High
Air Stoic Flow Ratio

| |
20psig, 75C
H, Stoic = 1.1
| Air Stoic=1.5vs

Net Power, Watt

am» Air Stoic flow ration = 2

e=» Air Stoic flow ration = 1.5
[ [ [ [
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Current Density, Alcm2

IFF eliminates the reactant gas mass transport limitation
- enhances performance and design flexibility
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IFF in HAIr Fuel Cell

Net Power vs Current Densityith Low and High
Relative Humidity
14 T T

20psig, 75C
H, Stoic = 1.1
Air Stoic = 2

12

10

Net Power, Watt

ea=s 100% Relative Humidity

e 40% Relative Humidity

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Current density, Alcm2

IFF provides internal SeHumidification capability
- enhances efficiency and reduces extra energy needs
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ElectroChem, Inc.

At 400mA/cm? NFT operation

Hz O2 1
0.9
0.8
0.7
>
D @ 0.6
et £ 0s EGIFF50
T S o4 1L_|—C8 Non-flow-through
R H2/02
v 03 __2‘3" 30psig,75C
027 ___ &) 400 mA/cn?
HZO 0.1 +——c1
0 T T T T T T T T
0:00 1.00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00
Non-flow-through Time, h:min

A Non-flow-through meaning closed operation of reactant gases
A Stable cell voltage indicating no water flooding during fuel cell operation
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IFF in NorFlowThrough H/O,, Operation

At 1,000 mA/cn? NFT operation

0.9 ECIFF50
0.8 Non-flow-through
' H2/02
S 0.7 30psig, 75C
%' 0.6 1,000mA/cm2
8
=
804
0.3
0.2
01 C6 C5 ca C3 =—C2 ——C1
0
0:00 0:30 1:00 1:30 2:00 2:30 3:00
Time, h:min
., 100
@
5
©
<
g 40
o
g 20 ——T5  e—T4 T3 =—T2 —T1
0
0:00 0:30 1:00 1:30 2:00 2:30 3:00

A Higher current density
generated more product
water

A IFF passively removed
productwater >0.33
g/hr-cn?
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IFF Simplifies Fuel Cell BOP

H 402 H; 0,
<
>‘
3
H, © 0, -
- o
Pump ® Pump E
phase @J
separator l phase ¢
separator H,0
H,0
Conventional fuel cell IFF fuel cell
Flow-through Non—ﬂo;n.r—through
circulation by Pumps no Pumps

IFF provides unique solution for watenanagement issue
In fuel cells and simplifies the balance of plant design
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|IFFDesign for Water Electrolyzer

14
- M‘M l:lj
v\.\ TS
I ey ———
Miater lewel
i - Adiustable
g [ . N S B N N T L i
3 — iligter Circulat on
L]
=My Pump
igter resermir Bectrolye er cell
0 .
] I 3% o (] | B ) ]
Time, hmm Nigter circulation Pump

A No Water @rculation PumpNeeded
A No Phase Separator
A Operation is Independent of Water level



High Efficiency IFElectrolyzer
with Passivewater-feed
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25 450
Temp: 750_ 4+ 400
Press: 15 psig
2 PPN o + 350
- T 300
[0} 1.5
g 250 =
2 % 200
2 1
© 't 150
0.5 Voltage 100
s Current 1 50
0 T T T T T 0

0:00 0:30 1:00 1:30 2:00 2:30 3:00 3:30

Time, h:min

m2

, mAlc

Currentdensit

A Passive static water feed operation
A No pumps



IFF benefits statkdeed DMFC
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IFF improve DMFC performance IFF improve DMFC performance
1 0.9 . :
09 Temp: 65C ! Anode: 0.8 Temp: 65C ! Anode:
Pressure: Anode: 0 psig CH3O0H concentration: 2M Pressure: Anode: 0 psig CH30H concentration: 4M
0.8 Cathode: 5 psig I CH30H circulation: 0 ml/min 0.7 Cathode: 5 psig [ CH3O0H circulation: 0 ml/min
0.7 I (Static -feed) 0.6 (Static -feed)
Cathode: > 0s | Cathode:
3 0.6 Oxygen: 150 sccm g Oxygen: 150 sccm
o i .
> 04
03
0.2 = Straight
01 - Straight | | | o 1 1 1 1 1
0 100 200 300 400 500
o Current density, mA/fem2
0 50 100 150 200 250 300 350

A Effective fueldistribution
A Stabilize power output at low methanol concentration
A Effective management of liquid fuel and G@as product
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|IFF ReduceBlethanol Gossover

IFF reduce methanol crossover

©
[¥8)
s}

Current density: 40 mA/cm2

o
N
&

©
N
s}

o
=
o

Cathode solution generation, mlfmin
o
=
ol

o
=}
o

ol B

2M 4aM

Methanol concentration, M

=
3

mIFF

M Coventional

Cathode solution generation, ml/min

0.30

0.25

0.20

0.15

0.10

0.05

0.00

IFF reduce methanol crossover

Current density: 200 mA/cm2

mIFF

M Coventional

2M 4M
Methanol concentration, M

A Reduced methanol crossover
A Enhanced Fuel utilization
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Testing Seup at NASA

Inert Gas Input (P

S 02 Gas
H2 Gas Input —0) @ )+ Input
’:‘ .:‘ /ST T T =7 "\
| Back-pressure Regulator 1
3 C 'O !
Coolant §E : ® Valve :
Water—,
Input : @ Temperature Sensor :
1
Fuel l\@ Pressure Sensor ,
Cel | @ @ mmmmmmmmm———— -
Stack
Coolant
- Water
Output
Purge p
Output e Operated only by
025ide H2 Side lati
pressure reguiation

Product<—®

Water
output
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200 cn? IFF Stack Testing at NASA

Nonflow-through2 LISN} G A2y dzaAy3 b! {! w3
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¥
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05 o6k B0 €
32 E
3§§ 0.5 150 &
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= Boar g g
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g 0.3+ <130
€ g2k 20
3
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0 i i i F— i : i i i i i i
—ae 0 30 30 120 150 180 210 240 270 300 330 360 390 420
N —— Test Time, Minutes
—— stack Groas Fower

A Dynamic response following stejpad - less than 1 second

A 3:1 peak power ratio

A No reactant gas reirculation

A ldealfor closed environment where gas circulatiomould be dangerous
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IFF Simplifies BOP of RFC

ORNO
J

—

] Electrolyzer
-
B
o
F =
[
o
——————————

Electrolyzer

Cx
[

o}

H,0

Conventional Novel IFF
Fuel Cell and Electrolyzer Fuel Cell and Electrolyzer

Coupling IFF fuel cell and Electrolyzer provides
highest efficiency Regenerative Fuel Cell (RFC)
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ECcelM Energy Storage System

ECcelk isa Regenerative Fugq
Cell(RFQ system

ECcelk is ModularDesign

Adaptable for Various

Applications

A Vary Fuel Cell Size to Des
Power Level

A Vary Electrolyzer Size for
Different Regeneration
Times

A Vary Gas Storage Sizes fo
Different RuaTimes

ECcelk t NP OA RS A
HydrogenFuelby
Electrolyzing Water



