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UTC Power

About Us

* Fuel cell technology leader since 1958
» ~ 450 employees

e 768+ active U.S. patents,
258 additional U.S. patents pending

» Global leader in efficient, reliable, and
sustainable fuel cell solutions

Stationary Fuel Cells Transportation Space & Defense



World class performance of PureMotion  ® fleet

» Fleet experience of more than
600,000 miles

 Fleet leader at a record 10,000 hours
and counting

« Additional fleet buses demonstrating
similar durability — 7,200 hours

» 16 zero-emission fuel cell buses
powered by the PureMotion® system
currently in revenue service in the
United States (5 in Connecticut)

e 2010 and 2011 fuel cell availability
greater than 95% in revenue
service(not stack related)



PureMotion® Model 120 Specifications & Targets

Bus
Fuel Cell Power

Energy Storage

Total Power

Efficiency

Fuel
Noise

Emissions

Years of service

Mileage

Operating hours

40 ft
120 kW

17. 4 kWhr Lithium lon
Battery

170 kW
46%

5000 psig Hydrogen
<70 dB

Zero emissions

Near Term

12 years(1 stack
replacement)

350,000 miles

12 years(0 stack
replacement)

500,000 miles

25,000 hours 36,000 hours



UTC water management technology

Solid Plate Cell
— Water movement is in the channels
— External water management required
— Liquid water removal by two-phase flow
— Diﬁicult to maintain proper water management within
ce

Porous Plate Cell
— Water movement is through the plate
— Provides humidification & removal of excess liquid
water
— Single-phase flow in the channels
— “Passive” water management independent of relative
humidity

Coolant channels

Coolant channels

Water movement is in/out of
page (in reactant channels).

Water movement depicted by
arrows (through plates).
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Best in Class Durability in Transportation Applicat lons

UTC bus fleet durability
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Fleet leader in 2006 failed after 1000 hours
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Faillure mechanism for 2006 fleet leader

e Shutdown of powerplant

results in high electrode Shutdown condition
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Faillure mechanism for 2006 fleet leader

Degradation in
performance
was found to
be due to
oxidation of
carbon in
microporous
layer of
cathode gas
diffusion layer
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Accelerated testing used to improve durability

- New gas diffusion | |
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Improvement in GDL durability increased lifetime

e Incorporation of
new GDL
enabled
durability
Increase to
~3000 hours

e Fleet Leader in
2008 failed after
~3000 hours
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2008 fleet leader failed due to membrane failure
Surface image

Air Exit Air Inlet

Cross-section

Anode

Membrane

Cathode

SEM micrographs confirming
Water submerge test showing air inlet leak membrane failure at the air inlet
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Failure Mechanism of 2008 Fleet Leader

|

Current Relative )
density humidity | CSt(r:ﬁ?]S Mefc;?lﬁpécal
cycling L cycling { ycling L
RH distribution in cathode channel
L TR
0.9 -
R.H. cycling
0.7 1 at reactant inlet
0.6
0.4 / RH at minimum
0.3 \ / current density ||
0.2 RH at maximum
01 \V/ current density
0 : : ‘ ‘ |
0 5 10 15 20 25

30

coordinate along channel, mm

T.T. Aindow and J. O'Neill, Journal of Power Sources,
Volume 196, Issue 8, 15 April 2011, Pages 3851-3854

10.0
9.0
8.0
7.0
6.0
5.0
4.0

Maximum Stress (MPa)

3.0
2.0
1.0

0.0
1.0E+02

1.0E+03

= Transverse
S Longitudinal
=g ‘\l‘\

LN
- ) -
\\'EIL__\ \.\n‘

I .

1.0E+04 1.0E+05 1.0E+06

Cycles to Failure

1.0E+07




Accelerated testing used to improve durability

More durable
membrane
showed more
than 15X
Improvement
In accelerated
testing
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Use of more durable membrane increased lifetime
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Best in Class Durability in Transportation Applicat lons

Next generation cell design

Latest cell
design shows
>2X
Improvement in
performance
degradation
accelerated test

Performance at 1.5 A/cm?




Fleet durability has increased significantly in last 5 years

Order of magnitude
increase in fleet
durability has been
achieved over last
five years;
Significant
improvements have
been observed in
laboratory which
will allow further
advances in fleet
durability
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Summary

Durability of fleet has
been increased from
1,000 hours to 10,000
hours over last five years

Keys to achieving 10,000
hour durability:
— UTC water management
strategy

— Rigorous failure analysis of
early field failures

— Development of accelerated
tests

— Continuous improvement by
fuel cell manufacturers and
suppliers
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