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There is a steady growth in electric power generation, while there is
a growing concern for climate change as a result of carbon dioxide

emissions
* Global demand for electric power 5 Other Renewabis
expected to grow from | | 24%
16.4 to 27.1 trillion kWh by 20251 A Fydroskeec Sonveniond B Oter

* 66% of the world’s electricity was

from fossil fuels in 20052 ONuclear

19.3% B Coal

* Environmental needs driving ultra- 489%

clean power generation solutions

* Ability to reduce energy cost and
COZ2 dependent on increasing O Natural Gas

energy efficiency 20.0% B Peiven

U.S. 2006 Data from http://www.eia.doe.gov/cneaf/electricity/epa/epatlpl.html

1. Energy Information Administration, “International Energy Outlook 2007, p. 61.
2. International Energy Agency, Key World Energy Statistics 2007, p. 24.
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FuelCell Energy Production and CO, Capture
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CO, Transfer Mechanism in Direct FuelCell

Fuel Stream

H, + CO5~ — H,0 + 202 + 26

. Net Reaction:
ANODE CATALYST H, + %0, - H,0
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CATHODE CATALYST

CATHODE
1/20, + CO, + 26— CO4~

Oxidant with CO,

‘ Carbon Dioxide is transferred from cathode to anode via
carbonate ions.



E Carbonate Fuel Cell Technology
FuelCell Energy

World Leader in Ultra-Clean Power

OXIDANT
FLOW

BIPOLAR
SEPARATOR
PLATE
Engineered
Stainless

Steel

B - It
ANODE ELECTRODE

1 pm

N\

™ -
Nickel Base Alloy CATHODE ELECTRODE
Nickel Oxide

ELECTROLYTE
Ceramic Powders/
Carbonate Salts



E Production Capabilities
FuelCell Energy

World Leader in Ultra-Clean Power

* Production and delivery
capabilities meet current demand

* State-of-the-art manufacturing in
Torrington, CT

e 70 MW Cap acity Torrington, CT - Manufaturing

Facility

* Production rate of 30 MW/year
* Strong supply chain in place

* Expansion plan to achieve 150
MW capacity

,"'“

Danbury, CT - Headquarters, R&D,
Stack Conditioning

o
o 4



E Core Product:
FuelCell Energy DFC Cells and Stack Modules
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* FCE manufactures complete Direct FuelCell’ cells and stack
modules from raw materials and purchased parts in our
Torrington, CT manufacturing facility

Electrode, Matrix and Bipolar Plate Manufacturing Assembled Cell Package
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Assembled Stacks Ready For
Module Integration

Stack Assembly Process




E Building Block Approach to Product Line
FuelCell Energy

World Leader in Ultra-Clean Power

DFC300
Single 1-Stack Module
Powerplant

DFC1500MA
Four 1-Stack Modules
Powerplant

DFEC15008 N
_ One 4-Stack
_'%¢ Module Powerplant

Cell Package and
Stack \
NS

" DFC3000: Two 4-
Four-Stack Module

Stack Modules
Powerplant



DFC Power Plants in Operation
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1.2 MW DFC1500 at ’
Pepperidge Farm Bakery in World’s 1st DFC3000 (2.4
Bloomfield, CT MW) Installation in Korea

-;'-'d. .
!
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Megawatt Scale Fuel Cell Technology Available for On-Site Power Generation



Fuel Cell Power Plant Cost of Electricity
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DFC power plant costs are declining while the cost
of grid power increases
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DFC3000

Cost Savings

15t gross margin profitable MW-class units began

Captured Cost Reduction
from 2003-2006

Technology val
Supply Chain  Uprate alue
Mana t 20% Engineering
gemen 54%
13%

.

Service Process \_ Manufacturing
Improvement Process

4% Improvement
9%

Future Cost Reductions to
Less Than $2000/kW

Value Volume Related

Engineering & Manufacturing
Mfg. Process Improvement
Improvement 14%

21% Volume Related
Sourcing
14%

Global Sourcing
29% 22%

Power Uprate



E Direct FuelCell for CO, Separation
FuelCell Energy

World Leader in Ultra-Clean Power

Why Direct FuelCell for Carbon Capture?

e By using DFC, it is feasible to separate at least 90% of carbon
dioxide from the greenhouse gases (GHG) generated by coal fired
power plants.

e Unlike other carbon dioxide capture technologies which reduce net
electric power, DFC increases the power generated by the existing
fossil fueled plants.

e DFC systems generate clean water, an important feature where
water is scarce.

e Pristine clean exhaust gas to the environment.

e Carbonate fuel cells significantly reduce NOx emissions
produced by the older plants.
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DFC-Based CO, Sequestration
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System Concept
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mmmm)> Fuel cell with 250 cm? area were utilized to confirm the
carbon dioxide capture of up to 90 percent from simulated
flue gas of various coal fueled power plants.



E Fuel Cell Test Results
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Fuel Cell Performance on Simulated PC Boiler Flue Gas
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Fuel Cell Performance on Simulated IGCC Exhaust Gas
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Ratio of Exhaust to Inlet WOy

E NOx Destruction Capability of DFC
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Ratio of NOx at Cathode Exhaust to NOx at Cathode Inlet
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E Case Studies: Plant Design Basis
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Application GHG removal from 200MW coal fueled power
plant

Effectiveness >90% of CO, removed

Power Output Output Voltage: 13.8 kV (IEEE Standard 519)

Characteristics Power Factor Range: 0.90 Lag to 0.90 Lead at

rated output
Power Output Phase: 3 Phase, Wye, 4 Wire
Frequency: 60 Hz + 5%

Power Plant Life 25 Years

Availability 92%




E Case Studies: Coal Fueled Power Plant
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Exhaust Streams
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Pulverized Coal Atmospheric Integrated (coal) Gasification
Boiler Steam Circulating Combined Cycle Power Plant [2]
Cycle Plant [1] Fluidized Bed
Boiler Steam Existing Commercially
Cycle Plant [2] Plant Offered Future
Plant
Gas Composition
(mole %)
CO, 12.06 14.40 7.49 7.85
o, 4.47 3.32 11.95 11.76
N, +Ar 70.32 74.81 65.73 72.55
H,O 13.13 7.45 14.84 7.83
Temperature (deg F) 129 291 280 280
Pressure (psia) 14.7 14.7 14.7 14.7
Flow Rate (Ibmole/h)* 69,269 63,032 100,563 115,573

* Scaled to 200 MW net plant size

[1] E. Parsons (NETL) and W. Shelton (EG& G), “ Advanced Fossil Power Systems Comparison Study,” Final Report, Dec 2002,
Prepared for: National Energy Technology Laboratory (NETL)

[2] “ Greenhouse Gas Emissions Control by Oxygen Firingin Circulating Fluidized Bed Boilers. Phase| —A Preliminary Systems

Evaluation,” Final Report (Volumel), May 2003, Prepared for: National Energy Technology L aboratory, By: Alstom Power, Inc.,
Windsor, CT
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mm) DFC system has shown excellent performance in
separation of carbon dioxide in the study of various

types of coal fueled power plants

Net Power CO2
PLANT TYPE MW to Environment
lbs/MW hr

w/o DFC| with DFC | w/o DFC| with DFC

Pulverized Coal (PC) Steam Plant 200 341 1838 108
ACFB Steam Plant 200 353 1997 113
IGCC Plant 200 327 1657 101
H_I H_I
DFC provides > 90% CO, separation
additional power from the greenhouse gas

(per unit energy produced)



E Effect of CO, Capture Technologies on
FuelCell Energy

Power Production

World Leader in Ultra-Clean Power

Percent Increment in Net Power Resulting from CO, Capture

70%

60% Without CO2 Compression —_—
50% With CO2 Compression @2200 pSi =
40%-

~ *Source: Cost and Performance Baseline for Fossil
30%-—— Energy Power Plants, Volume 1: Bituminous Coal and
Natural Gas to Electricity Final Report

20%— (Revision 1, August 2007), DOE/NETL-2007/1281

Percent of Net Power Produced

10%
0%- T TR R
-20%
-30% I R
IGCC NGCC PC PC +DFC
@ With state-of-art scrubbing technologies * m DFC with CO2 compression @2200 psi

0 DFC without CO2 compression

‘ DFC Based System Compared to State-of-the-Art Amine
Scrubbing Technologies
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Effect of CO, Capture Technologies on

Capital Cost

Percent Increment in Capital Cost Resulting from CO, Capture

120%

*Source: Cost and
Performance Baseline for
Fossil Energy Power Plants, __|

100% I B

60%

% Increase in Capital Cost Resulting From CO2 Capture

IGCC

Volume 1: Bituminous Coal

and Natural Gas to Hectricity

Final Report

(Revision 1, August 2007), —
DOE/NETL-2007/1281

** Capital Cost of PC plant is
$1686/k W, Power Magazine,
October, 2005 [

PC PC +DFC

@ With state-of-art scrubbing technologies *

B DFC with production rate of 10 units per year**

DFC Based System Compared to State-of-the-Art
Amine Scrubbing Technologies
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Percent Increment in Cost-of-Electricity Resulting from CO, Capture

90%

Source: Cost and Performance Baseline for Fossil Energy
Power Plants, Volume 1: Bituminous Coal and Natural Gas to ~ ————
80%-- Bectricity Final Report (Revision 1, August 2007),

DOE/NETL-2007/1281

70%- ** COEof PC plant is 6.4 cents/kwhr, Natural gas is at $7/MMBtu

to $16/ Ton
of Avoided

% Increase in COE Resulting From CO2 Capture

IGCC NGCC PC PC +DFC

I With state-of-art scrubbing technologies * @ DFC with production rate of 10 units per year **

B> DFC Based System Compared to State-of-the-Art Amine
Scrubbing Technologies
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* Percent increase in cost-of-electricity for a PC plant
producing power at 6.4¢/kWh

90%

B Energy Cost O Capital + O&M

80% -

‘ Baseline Plant COE =6.4 cents/kWh‘

70% -

60% -

20% 1 DOE's Goal: n
<35% Increase in COE

for Existing Plants —

40% -

30% -
Reference (Amine and Oxyfuel):
Jared Ciferno; " Overview of
DOE/NETL CO2 Capture R&D
Program", Annual NETL CO2
Capture Technology for Existing
Plants R& D Meeting,

% Increase in Cost of Electricity

20% ~

0f
10% Pittsburgh, PA, March 24-26,

20009.

0% -
Amine Oxyfuel DFC Electrochemical Separation

‘ Less than 35% increase in COE is achievable by using the
electrochemical separation technology.
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» Direct FuelCell technology offers a unique and attractive alternative for
CO, capture.

» Results of the fuel cell tests with simulated PC plant flue gas have
verified the potential of Direct FuelCell technology for >90% carbon
dioxide separation.

» Conceptual designs of DFC based systems, focusing on GHG
mitigation from coal fired plants, were developed.

» Economic analysis has indicated that DFC based systems offer cost-
effective solutions for combined power generation and CO,
sequestration.

» Incremental cost of energy is anticipated to be less than 35% of the
cost-of-electricity due to the on-going commercialization of the
technology and high volume manufacturing.



