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Premier developer of stationary fuel cells with >40 years of experience 
Headquarters and R&D in Danbury, CT (USA), manufacturing facility in 
Torrington, CT (USA), total number of employees 512
Delivering Direct FuelCell® (DFC®) power plants to commercial and 
industrial customers
Product sales and service backlog in excess of $200 million
Established commercial relationships with major distributors in the 
Americas, Europe, and Asia
Developing large-scale coal-based power plants as well as natural gas 

FuelCell Energy, Inc.

Developing large-scale coal-based power plants as well as natural gas 
fueled distributed generation (DG) systems utilizing planar SOFC 

Multi- MW DFC-ERG in 
Toronto, Canada

1.4 MW at a municipal building 2.4 MW plant owned by an IPP600 kW plant at a food processor
11.2 MW plant owned by an IPP



Manufacture Sell (direct & via partners) Install Services

Integrated Fuel Cell Company

Renewable hydrogen for 
vehicle fueling

Carbon capture
Solid Oxide Fuel Cell 

Development (SECA program)
Versa Power Systems (Partner)

Advanced Technology Programs

Growing Market Presence

181 MW installed 
and in backlog 

Over 80 Direct FuelCell® 
plants generating power at 
more than 50 sites globally

Providing:
• On-site power
• Utility grid support



Benefits of MCFC for Multi-Pollutant 
Removal  

� DFC enables separation of up to 90% 
of carbon dioxide from the greenhouse 
gases (GHG) generated by industrial 
sites and other power plants. 

� Unlike other CO2 capture technologies 
which reduce net electric power, DFC 
produces additional power. 

� DFC converts natural gas fuel 
internally to H2 to produce electricity 
(no need for external conversion 
devices).
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Direct FuelCell (DFC) is a Molten 
Carbonate Fuel Cell (MCFC) with 
Internal Reforming Capabilities

devices).
� DFC technology is modular; suitable 

for incremental phased applications to 
almost any type of power plants.

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

� Carbonate fuel cells also significantly 
reduce NOx emissions produced by 
the older plants.

� Multi-pollutant removal functionality 
combined with heat and power 
generation results in substantial 
savings to the industry. 
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Heat and Power for Large Industries 

Large Industries typically consume significant amou nt of electric power and 
heat while producing pollutants and greenhouse gase s.

Power Plant

NOx, CO2

Fuel

Power Plant

Heat

Industry

Electricity



Background: 
Current NO x Removal Technology

Selective Catalytic Reduction 
(SCR) is the prevalent 
technology for NO x Control:
•Ammonia or urea is injected into 
exhaust streams with plenty of 
oxygen to reduce nitrogen oxide 
to nitrogen and oxygen.

•Efficiency ranges from 70% •Efficiency ranges from 70% 
to 90%.
•Recent literature reflects 55-
140 $/kW as typical site-
specific retrofit SCR capital 
costs for utility boilers. 
•O&M costs for 300-500 MW 
boilers to reduce NOx by 80-
85% are ~ $1.6-3.2 million/yr.OHNONHNO
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Background:
Current CO 2 Capture Technology

To Stack

Amine
Absorber

Regenerator

Flue 
Gas

CO2

Scrubbers using Amines including 
Monoethanolamine (MEA) are 
commercially available for CO 2 
capture:
• Technology is energy intensive - a 
significant amount of energy is required 
for recovering MEA solvent:

• ~ 60-70% of the MEA plant 
operating cost is attributed to  

Steam
Gas

200 ton/day Unit

steam requirements for solvent 
regeneration
• ~10-20% of the operating cost is 
for MEA makeup. 

• MEA is corrosive and requires adding 
corrosion inhibitors.
• Current Cost for a 550 MWe plant:

• Adds $1500 - $2000/kW capital
• Increase Cost of Electricity (COE) 
by 80%
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Application of DFC to Large Industry

Large Industries typically consume significant amou nt of electric power and 
heat while producing pollutants and greenhouse gase s.
Direct FuelCell can provide efficient onsite electr ic power and heat while 
simultaneously removing the NO x and CO 2 pollutants.

Fuel

Power Plant

Heat

Industry

Electricity
Fuel

Direct FuelCell
Heat

Industry

Electricity

NOx, CO2

CO2 Capture



DFC’s NOx Destruction Mechanism 
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Nitrite and Nitrate ions migrate to the anode where they are reduced 
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Industrial Sources

• Large industrial sites produce significant amount of carbon dioxide result ing from 
combustion of fossil fuels in providing heat for va rious processes:

> Refinery
> Cement
> Pulp and paper
> Steel

• These industries also consume substantial amount of  electricity and heat.
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Amount of CO 2 generated in US annually from 2008 and projected to  2035, broken down by various sources of 
emissions including industrial, commercial, and res idential and transportation sectors.



CEPACS Applied to a Cement Factory

Cement Plant
Flue Gas

CEPACS
(DFC) 

Stack

Exhaust
(CO2 & NOx 

depleted Flue 
Gas) 

Supplemental
Air 

Power

Temperature, °F 266
Flow, lb/h 696,834
Composition, %

CO 0
CO2 16.50

H20 7.50

N2 63.50

Cement Plant Flue Stream

CO

Anode 
Exhaust 
Cooler & 

Shift

Compression
/ Liquefaction

Compressed CO2 to 
Transport (Pipeline) or 

Storage (Saline Formation)

H2O

Anode Exhaust
H2

CEPACS plant applied to a cement factory generating  700,000 lb/h flue gas 
produces 71MW of electricity while capturing 75% of  the CO 2 in the flue gas.

O2 12.50

NOx, ppm 100.00

CO2 in Flue Gas, tons/d 1997
CO2 in Flue Gas, tons/y (90% CF) 656,123



Cell Testing

Test Highlights:
> Cell area 250 cm2

> Simulated Cement and Refinery Plant Flue Gases
> NOx – cylinder of 500ppm NO and 500ppm NO2

> Constant utilization polarizations (85% CO2, 68% H2)
> Thermo Scientific 42i-HL NOx Analyzer

» Chemiluminescence Detector measures NO, NO2 and O2
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85% Carbon Capture

DFC can be used to Efficiently Separate CO2 from Industrial Effluents



NOx Destruction with
Power Production 

NO2

200ppm Inlet NO x Concentration

1:1 NO:NO2 ratio

NO

NOx



NOx Destruction 
as a Function of Inlet NO x Concentration

Inlet NO x Composition:
50% NO, 50% NO2

*

* 13ppm data at open circuit conditions (no power generation)



Behavior with NO at the Inlet



Cost Sensitivity - COE
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At COE �  11¢/kWh the CEPACS becomes a Revenue Generator

NG Cost = $6/MMBTU



Case Study: CEPACS Application in 
Pulverized Coal (PC) Power Plants 

FGD 

Flue Gas700 °F

SCR ESP or FF

Coal & Air 200 °F

Induced
Draft Fan

Water
Steam

>2500 °F

TurbinePump

Flu Stack

Condenser

Ash
Residue

Air Pre-heater

Boiler

Pulverized Coal Plant

Low Carbon Exhaust

CEPACS System

C
O
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Case Study:
Carbon Capture from Conesville Plant

1146 SCFH

Natural Gas

Electrolyte

CH4 + 2H2O��� � 4H2+ CO2

Internal Reforming

Anode
4H2+4CO3

= ��� � 4H2O + 4CO2 + 8e-

5913 ton/day

9380 ton/day

90.2%

15293 ton/day, 93.8% Overall

DC/AC 
Converter

443 MW AC Net 

Fuel Cell Power~

10394 ton/day

Flue Gas CO 2

Coal Power Plant

Air

AEP, 
Unit # 5 
Conesville, 
OH 434 MW

CO2 Emission, 
1 ton/MWh

~

CO2 Emission, 
0.05 ton/MWh

95% Reduction in Carbon Dioxide 
Emission per MWh is Achievable!

Electrolyte

Cathode
2O2+ 4CO2 + 8e- ��� � 4CO3

= 1014 ton/day CO2 Sequestration

Plant Exhaust CO 2
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Baseline Plant COE  = 6.4 cents/kWh 

Percent Increase in Cost-of-Electricity:
Comparison with Competing Technologies

• Percent increase in cost-of-electricity for a PC plant 
producing power at 6.4¢/kWh
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Less than 35% increase in COE  is achievable by usi ng DFC-
based electrochemical separation technology.

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, 
Pittsburgh, PA, March 24-26, 
2009.

DOE's Goal:
<35% Increase in COE 

for Existing Plants



Summary

• Identified large industries with substantial energy 
consumptions which are prime candidates for DFC-based 
flue gas clean-up.

• Evaluated flue gas/effluent characteristics of the top large 
industries.

• Conducted fuel cell tests using simulated flue gas:
� Verified carbon capture of up to 85% from Industrial � Verified carbon capture of up to 85% from Industrial 

effluents.
� Demonstrated NOx reduction in excess of 70% from 

Industrial flue gases.
• Conducted case studies (including system & cost 

analyses) for refineries and cement plants, which indicate 
cost efficient Removal of Multi-Contaminants using 
CEPACS system.
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