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Disclaimer 
 

“This report was prepared as an account of work sponsored by an agency of the United States Government.  
Neither the United States Government nor any agency thereof, nor any of their employees, makes any 
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights.  Reference herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof.  The views and opinions 
of authors expressed herein do not necessarily state or reflect those of the United States Government or any 
agency thereof.” 



FuelCell Energy, Inc.          Technical Progress Report 
August 2004           December 21, 2003 to June 20, 2004 

 ii

ABSTRACT 
 
The ongoing program is designed to advance the carbonate fuel cell technology from 
full-size proof-of-concept field test to the commercial design.  DOE has been funding 
Direct FuelCell (DFC) development at FuelCell Energy, Inc. (FCE) for stationary 
power plant applications.  The program efforts are focused on technology and system 
optimization for cost reduction, leading to commercial design development and 
prototype system field trials.  FCE, Danbury, CT, is a world-recognized leader for the 
development and commercialization of high efficiency fuel cells that can generate clean 
electricity at power stations, or at distributed locations near the customers such as 
hospitals, schools, universities, hotels and other commercial and industrial applications. 
 
FCE has designed three different fuel cell power plant models (DFC300A, DFC1500 
and DFC3000).  FCE’s power plants are based on its patented DFC technology, where 
the fuel is directly fed to the fuel cell and hydrogen is generated internally.  These power 
plants offer significant advantages compared to the existing power generation 
technologies – higher fuel efficiency, significantly lower emissions, quieter operation, 
flexible siting and permitting requirements, scalability and potentially lower operating 
costs.  Also, the exhaust heat by-product can be used for cogeneration applications 
such as high-pressure steam, district heating and air conditioning.  Several FCE sub-
megawatt power plants are currently operating in Europe, Japan and the US.  Because 
hydrogen is generated directly within the fuel cell module from readily available fuels 
such as natural gas and waste water treatment gas, DFC power plants are ready today 
and do not require the creation of a hydrogen infrastructure.  Product improvement 
progress made during the reporting period in the areas of technology, manufacturing 
processes, cost reduction and balance of plant equipment designs is discussed in this 
report. 
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1.0  INTRODUCTION 
 
The carbonate fuel cell promises highly efficient, cost-effective and environmentally 
superior power generation from pipeline natural gas, coal gas, biogas, and other 
gaseous and liquid fuels.  FuelCell Energy, Inc. (FCE) has been engaged in the 
development of this unique technology, focusing on the development of the Direct 
FuelCell (DFC).  The DFC design incorporates the unique internal reforming feature 
which allows utilization of a hydrocarbon fuel directly in the fuel cell without requiring 
any external reforming reactor and associated heat exchange equipment.  This 
approach upgrades waste heat to chemical energy and thereby contributes to a higher 
overall conversion efficiency of fuel energy to electricity with low levels of environmental 
emissions.  Among the internal reforming options, FuelCell Energy has selected the 
Indirect Internal Reforming (IIR) – Direct Internal Reforming (DIR) combination as its 
baseline design.  The IIR-DIR combination allows reforming control (and thus cooling) 
over the entire cell area.  This results in uniform cell temperature.  In the IIR-DIR stack, 
a reforming unit (RU) is placed between groups of fuel cells.  The hydrocarbon fuel is 
first fed into the RU where it is reformed partially to hydrogen and carbon monoxide fuel 
using heat produced by the fuel cell electrochemical reactions.  The reformed gases are 
then fed to the DIR chamber, where the residual fuel is reformed simultaneously with 
the electrochemical fuel cell reactions. 
 
FuelCell Energy has designed submegawatt (DFC300A) and megawatt (DFC1500 and 
DFC3000) class fuel cell power plants based on its DFC technology.  These are 
standardized, packaged power plants operating on natural gas or other hydrocarbon-
containing fuels.  The power plant design also includes other fuel processing options to 
allow multiple fuel applications.  These power plants, which can be shop-fabricated and 
sited near the user, are ideally suited for distributed power generation, industrial 
cogeneration, marine applications and uninterrupted power for military bases. 
 
FuelCell Energy operated a 1.8 MW plant at a utility site in 1996-97.  This proof-of-
concept power plant demonstrated high efficiency, low emissions, reactive power 
control, and unattended operation capabilities.  Drawing on the manufacture, field test, 
and post-test experience of the full-size power plant, FuelCell Energy launched the 
Product Design Improvement (PDI) program sponsored by government and the private-
sector cost-share.  The PDI efforts are focused on technology and system optimization 
for cost reduction, commercial design development, and prototype system field trials.  
Major accomplishments in these areas during the first half of 2004 are discussed in this 
report. 
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2.0  EXECUTIVE SUMMARY 
 
Under the cooperative agreement DE-FC21-95MC31184 with DOE/NETL, FuelCell 
Energy, Inc. has been developing its DFC technology for stationary power plants.  The 
objective of the program is to develop and demonstrate a cost-effective, market 
responsive DFC power plant design(s) and make it ready for commercial entry.  
Significant progress has been achieved during the reporting period, December 2003 
through June 2004, as highlighted below. 
 
• Cell and stack designs were further refined to improve performance, reduce cost 

and enhance endurance capability. 
 

- Stack temperature distribution has been improved significantly by optimizing the 
reforming unit (RU) design.  Subscale Stack FA-20-10 (30 cells) test results 
projected to full-size stack operation indicated that the new design will enable 
~20% higher power operation.  Reduced thermal gradient at higher fuel 
utilizations has  also enabled high-efficiency operation of the DFC stack. 

 
- Significant improvements in direct internal reforming (DIR) catalyst performance, 

stability and cost have been made. 
 
• Full-size Stack FA-100-3 test was continued leading to a successful verification of 

the new symmetric manifold retention system and manifold gas-seal designs. 
  
 - A factor of two improvement in gas-seal effectiveness over the baseline design 

was observed and its stability was demonstrated during stack operations and a 
thermal cycle. 

 
- Stack has been operated for more than 7000h and was subjected to three 

planned thermal cycles.  The reduced cell performance decay rate observed in 
this stack met the product entry life and stability goals. 

 
• Progress in the balance-of-plant (BOP) equipment development included an 

advanced preconverter design for operation on an alternate propane fuel and a load 
leveler development for stack islanding operations. 

 
- Successful operation of the fuel preprocessing system and the full-size Stack 

FA-100-3 on commercial grade (HD-5) propane, fuel for secure power operation, 
was demonstrated for more than 1000h. 

 
- Capability to maintain stack at constant power, using the load leveler in islanding 

mode, was demonstrated while accommodating large sudden ‘critical bus’ load 
fluctuations during the full-size Stack FA-100-3 operations. 

 
• 26 sub-MW DFC units are currently in operation throughout the world.  FCE has 

established worldwide marketing alliance.  Over 40 million kWh of electricity have 
been generated at customer sites. 
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• First DFC 1500 (1 MW) power plant is in operation in the field and the test 
experience is basis for performance improvement and cost reduction. 
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3.0  EXPERIMENTAL 
 
The program involves manufacturing process improvements, cell component 
development, stack design and balance-of-plant (BOP) equipment development.  
Various tests such as simulated out-of-cell property characterization and button cell, 
single cell, subscale stack and full-size stack tests were used to support these 
developments.  FCE has five button cell and eighteen single cell test stands, four 
subscale stack and one full-size stack test facilities.  The button cell and single cell test 
stands are used for active component development.  The subscale stack test stations 
are used for cell design and endurance evaluation.  The full-size stack facility is used for 
stack design, non-repeat hardware design and BOP equipment design evaluation.  
These test tools were used routinely throughout the execution of the program.  
Additional experimental details are provided along with the relevant test results 
discussed under “Results and Discussion” section of the report. 
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4.0  RESULTS AND DISCUSSION 
 
FCE is developing fuel cell power plants based on the company’s DFC technology.  
Current program is focused on improving design for product output uprate, endurance  
enhancement and cost reduction.  Progress was continued in stack technology and 
BOP equipment technology improvement and cost reduction areas (see Ref. 1 to 5 for 
previous progress reports).  Key program accomplishments during the first half of Year 
2004 are discussed below. 
   
Performance Improvement:  Stack performance improvement achieved included 
improvements in the areas of cell conversion efficiency, thermal management and high 
power operation.  High surface area cathodes were developed offering lower cathode 
polarization loss and increased performance stability compared to the baseline 
cathodes.  The RU design was optimized using a comprehensive computational fluid 
dynamics (CFD) model of the DFC stack.  The new RU design incorporates gradual 
change of catalyst with additional loading at cathode outlet for long-term operation.  The 
stack temperature distribution has been improved significantly (Figure 1).  The subscale 
stack test results from Stack FA-20-10 (30 cells), featuring the new design, were 
projected to full-size stack operation.  The new design is expected to enable ~20% 
higher power operation of the full-size stack without penalty in thermal management.  
The full-size stack capacity has been increased to 275 kW net AC.  The reduced stack 
thermal gradient at higher fuel utilizations has also enabled high-efficiency operation of 
the DFC stack. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.  IMPROVED STACK THERMAL DISTRIBUTION: 

Advanced Reformer Design in Recent Stacks Dissipates Heat in Cells Efficiently 
 
Materials Development:  The materials development activities were focused on 
extending stack life to >40,000h and product cost reduction.  A low cost bipolar plate 
material offering substantial cost savings showed virtually no corrosion (<0.1 mils) after 
6000h of stack operation.  A low-cost design offering bipolar plate wet seal protection 

Temperature Distribution at 140 mA/cm2, 72% Fuel Utilization and 73% CO2 Utilization
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Current Product (FA-20-7)
• Avg. Stack Temp = 643°C
• Max. Temp = 700°C
• Max. Temp Difference = 131°C

New Product (FA-20-10)
• Avg. Stack Temp = 631°C
• Max. Temp = 672°C
• Max. Temp Difference = 99°C

Temperature Distribution at 140 mA/cm2, 72% Fuel Utilization and 73% CO2 Utilization
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• Max. Temp Difference = 131°C

New Product (FA-20-10)
• Avg. Stack Temp = 631°C
• Max. Temp = 672°C
• Max. Temp Difference = 99°C



FuelCell Energy, Inc.          Technical Progress Report 
August 2004           December 21, 2003 to June 20, 2004 

 6

with higher corrosion resistance has also been implemented in product stacks.  The 
advanced corrosion protected cathode current collector (CCC) developed has reduced 
corrosion and electrolyte loss (by 60%), thereby offering a 2+ years increase in stack 
life.  Significant improvements in DIR catalyst performance, stability and cost were also 
made.  The advanced DIR catalyst is projected to meet commercial DFC design life 
goals.  Figure 2 shows the DIR cost reduction achieved so far and the expected further 
reduction.  The new DIR catalyst loading process with automated pellet loading is 
expected to improve performance, reduce cost further and enable future increased 
production target. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  DIRECT INTERNAL REFORMING (DIR) CATALYST COST REDUCTION: 

Advanced Catalyst Development and Improved Manufacturing Process Resulted in 
Significant Cost Reduction 

 
Full-Size Stack Test:  Full-size Stack FA-100-3 (360 cells) was thermal cycled to install 
an improved manifold system representing a new design for the product stacks.  The 
new (symmetric) manifold retention system design was anticipated to provide greater 
stack endurance capabilities than the baseline design, because of higher gas sealing 
effectiveness over the life period.  It was engineered to evenly distribute compression 
load along the entire manifold gas-seal perimeter.  The gas-sealing system also 
included improvements in the manifold dielectric and gasket designs.  The stack was 
reheated and load testing initiated.  The new manifold system showed manifold gas 
sealing effectiveness at least two times higher than that of the baseline design.  Figure 
3 shows the remanifolded stack and the comparison of test results. 
 
 
 
 
 
 
 
 

1

0.74

0.56

0

0.2

0.4

0.6

0.8

1

1.2

2002 2004 2005

Year

R
el

at
iv

e 
D

IR
 C

at
al

ys
t C

os
t

Baseline

Multiple 
Vendor

New
Process



FuelCell Energy, Inc.          Technical Progress Report 
August 2004           December 21, 2003 to June 20, 2004 

 7

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3.  IMPROVED MANIFOLD GAS-SEAL SYSTEM: 

Design was Verified in Full-Size Stack and will be Released Through Change Board for 
Product Stack Implementation 

 
As a further test of the new symmetric design manifold retention system, the full-size 
Stack FA-100-3 was thermal cycled after 1,500h of operation with the new manifolds.  
During the 1,500h of operation, which included 7 cycles from full load to hot standby 
condition, the gas sealing effectiveness was found to remain constant.  After the stack 
cooldown, the manifold system was inspected.  The gasket-dielectric gas-seal and the 
manifold retention system were found to have performed as expected.  The manifold 
gas-seal effectivity was maintained upon reheat and load ramp on the stack, thereby 
qualifying the design for use in product stacks. 
 
The stack test results have also shown that the performance decay rate has been 
reduced significantly meeting the product entry life and stability goals (Figure 4).  Value 
engineered low-cost stack hardware components have been qualified.  Other aspects of 
the full-size Stack FA-100-3 test included longer-term island operation (grid-
independent mode) test and operation on propane (HD-5) as a secure power operation 
fuel, which are more appropriately discussed in BOP equipment development 
subsection later.  The stack test will be terminated once test objectives are met and 
thorough post-test analysis for non-repeat hardware will be performed. 
 
Subscale Stack Tests:  Prototype subscale stacks containing 10-30 full-area cells 
were tested to verify the advanced cell component and stack hardware designs.  Test 
activities in this area included continuation of Stack Tests FA-5-10 (10 cells), FA-15-1 
(22 cells) and FA-20-9 (30 cells) and initiation of Stack FA-20-10 test. 
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Figure 4.  FULL-HEIGHT STACK PERFORMANCE STABILITY: 
Performance Stability Goal Achieved 

 
Stack FA-5-10 designed to evaluate the effect of electrolyte fill level on cell performance 
stability was terminated voluntarily after 8,229h of operation (at 140 mA/cm2 and 72-
74% fuel utilization), for post-test evaluation.  This stack comprised of two cell-groups 
with different electrolyte fill levels; one group with normal level of electrolyte and the 
other with lower electrolyte level.  The performance decay rates were estimated to be 
0.9 mV/1,000h and 1.9 mV/1,000h for normal-fill group and low-fill group, respectively.  
The resistance increase in low-fill cells was only 14% higher than that in normal-fill cells.  
The information was used to determine the optimum electrolyte fill level (electrolyte 
management) and to project the life of future power plant products. 
 
Endurance testing of Stack FA-15-1 was continued further.  The stack test 
accomplished three milestones successfully:  (1) 100% improvement of manifold seal 
efficiency, (2) establishment of baseline stack performance and stability criteria, and (3) 
understanding of cell behavior at the end of useful life.  After 12,500h of long-term 
operation at high current densities, the stack test was voluntarily terminated for post-test 
examination/analysis.  Post-test results provided understanding of component decay 
mechanisms and cell failure modes, which were used as design guidance for the next 
generation products. 
 
Stack FA-20-9 featuring a new improved reformer unit (RU16-D) design, and protected-
cathode and protected-cathode current collector (CCC) components has completed 
7,300h of operation.  Information on thermal behavior of this stack was used to further 
optimize the RU design for Stack FA-20-10.  The cells with protected-CCC have shown 
increased stability.  The cells with protected-cathodes have also shown less 
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performance decay so far, compared to the baseline design cells.  The longer-term 
stability analysis is on-going. 
 
Stack FA-20-10 featuring improved RU design, improved cell matrix, advanced 
electrolyte and alternate protected-CCC, has completed 4,100h, establishing a new 
benchmark performance for high power operation.  The average cell performance 
observed corresponds to 290 kW for sub-megawatt stacks with 48% electrical efficiency 
and 300 kW for megawatt stacks with 49% electrical efficiency.  High-Li electrolyte 
helped in reducing the internal resistance by 13%, and also enhanced the cathode 
activity.  With improved RU, the cell polarization losses were reduced due to more 
uniform current distribution.  In addition, more uniform thermal profile enabled higher 
power operation.  Based on Stack FA-20-10 performance, design criteria of full-size 
stack for 275 kW operation was recommended.  Currently, Stack FA-20-10 is being 
operated at 150-160 mA/cm2 to characterize the stack behavior for high-power 
operation. 
 
Balance of Plant Equipment Development:  BOP equipment development included 
progress in the areas of fuel sulfur removal, fuel humidifier, preconverter and DC-to-AC 
inverter.  A 2-layer sorbent based fuel desulfurizer design has increased adsorption 
capacity for natural gas (NG) clean-up to 10 times that of the baseline design.  The fuel 
humidifier design has been made compact offering high heat transfer effectiveness, 
reliability and 50% reduction in cost compared to the baseline design. 
 
The advanced preconverter design developed is capable of processing commercial 
grade propane (HD-5) fuel for secure power operations; in addition to processing fuels 
containing O2, such as digester gas, coal mine methane and peak shave NG.  Propane 
is convenient fuel for remote sites.  As a storable fuel it adds security for critical power 
applications, including homeland defense.  Commercial-grade propane, known as HD-5, 
may contain up to 5% propylene in addition to some ethane and butane.  Key 
challenges in using HD-5 include avoiding carbon deposition during reforming, 
accommodating variation of fuel composition and increased fuel desulfurization load, 
and meeting higher steam production requirements.  The full-size Stack FA-100-3 was 
operated on HD-5 for 1500h, generating 298 MWh of electricity.  HD-5 as received 
contained low levels of propylene.  It was spiked up to 5% propylene to make it a 
rigorous test.  Only 5% power derating is projected for DFC operation on HD-5 fuel.  
The preconverter worked well in reforming HD-5 feed.  Prereformer inlet temperature 
was adjusted to maintain stack thermal management.  The fuel desulfurization system 
effectiveness was maintained by modifying HD-5 tank fuel delivery configuration.  
Further experience with sulfur clean-up system is required for qualification.  Fuel 
composition variation, from tank-to-tank and with tank depletion, was overcome by the 
use of appropriate flow meter.  Water requirements (steam to carbon ratio) for HD-5 
were identified.  Steam capacity of the 400 kW facility humihex was found to be 
sufficient.  Further testing is planned. 
 
Toward the DC-to-AC inverter development so far, four inverter vendors have been 
qualified, leading to a 36% cost reduction concurrent with higher efficiency.  The normal 
mode of operation for DFC power plants is grid-connected, in which the fuel cell output 
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can be controlled precisely by set point.  As a beneficial feature to also supply power in 
event of a grid disruption, commercial DFC power plants are capable of transferring to 
grid-independent or island mode of operation.  The grid-to-island and back-to-grid 
transfer capability has been demonstrated.  During this reporting period, a longer-term 
island operation test was also successfully completed.  When in the island mode, the 
customer can have a significant load (up to 200 kW) on the Customer Critical Bus 
(CCB) and it can vary.  As the CCB load varies, stack output as the source of this power 
also varies.  In the 400 kW facility, for island operation, a “load leveler” was developed 
to keep the stack at constant power despite large and sudden load fluctuations on the 
CCB.  The load leveler allows instantaneous CCB load changes of up to 100 kW (or 
higher depending on load leveler capacity), whereas without it CCB load fluctuations 
would be limited to within a narrower set limit.  The load leveler also provides the benefit 
of maintaining the stack at higher power during the island operation, allowing for a 
quicker return to full stack output upon grid return.  The load leveler consists of an AC 
load bank on the critical bus.  It works by adding or subtracting load to counteract load 
swings of the customer, thus keeping a constant electrical load on the stack.  To 
minimize parasitic loss when in the standard grid-connect mode, a system has been 
developed so that the load leveler fan comes on only when the power plant transfers to 
island mode.  The load leveler has been fully tested in the 400 kW facility and is in use 
to control the island load fluctuations in the event of a grid disruption.  Figure 5 shows 
the benefit gained from the load leveler during a recent power outage.  The 400 kW 
facility continued to operate with stack maintained at nearly full power.  The next step is 
to complete testing of the load leveler logic to support DFC300A sub-MW product 
topology. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.  ISLANDING CAPABILITY AND LOAD LEVELER IMPLEMENTATION: 
400 kW Facility Stayed Up During Power Outage 
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Cost Reduction:  Progress in cost reduction has been continued at both stack and 
BOP equipment levels.  Cell component cost reductions have been discussed earlier in 
the report in materials development subsection.  Figure 6 shows the overall cell 
package cost reduction achievement.  As reported under full-size stack test subsection, 
value engineered low-cost stack hardware has been qualified during Stack FA-100-3 
test.  The non-repeating component cost reductions were achieved by value 
engineering, alternate vendor/material qualifications, specifications/requirements 
changes and design simplifications (Figure 7).  As reported under BOP equipment 
development subsection, BOP equipment cost reduction achieved included 50% cost 
reduction for the fuel humidifier and 36% cost reduction for the DC-to-AC inverter 
resulting from alternate vendor qualifying.  The cost reduction activities are planned to 
be continued during the remainder of this program and beyond. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.  CELL PACKAGE COST REDUCTION: 
The Cost Reduction Progress is on Track 

 
Product Verification and Marketing Plan:  FCE has already defined three modular 
products:  MW-class products rated at 1 MW (single module-4 stacks) and 2 MW (two 
modules-8 stacks), and a sub-MW class product with a rating of 250 kW (single stack 
module).  Final design of the power plants has been completed.  Single stack sub-MW 
and 4-stack MW fuel cell modules have been developed.  The power plant fuel cell and 
BOP equipment module packaging approaches have been finalized.  So far 32 sub-MW 
plants have been placed in operation.  Currently there are 26 sub-MW units in operation 
throughout the world.  Over 40 million kWh of electricity have been generated at 
customer sites.  As reported in the previous semiannual report (Ref. 5), DFC1500 (1 
MW) plant was performance tested at rated load in Torrington factory before shipment 
to site.  The plant installation at the site has been completed and field operation of the 
first DFC1500 plant has begun.  Fuel cell modules for DFC3000 (2 MW) plant have also 
been conditioned and shipped to site.  The field installation of the first DFC3000 plant is 
in progress. 
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Figure 7.  STACK NON-REPEATING COMPONENT COST REDUCTIONS: 
Value Engineering and Alternate Vendor Qualifying Contributed to the Cost Reductions 
 
FCE has established commercial distribution alliances for worldwide marketing:  with 
MTU CFC Solutions in Europe, Marubeni Corporation in Asia, Enbridge, Inc. in Canada, 
and Caterpillar, PPL Energy Plus, Chevron Energy Solutions, Alliance Power and 
LOGANEnergy Corp. in the U.S.  FCE has been actively participating in the efforts to 
develop codes and standards for acceptance of fuel cell power plants in the market 
place.  FCE’s DFC300A power plant became the first fuel cell power system to be 
certified for operation, construction and performance under the new ANSI/CSA America 
FC 1-2004, Stationary Fuel Cell Power Systems standard. 

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Manifolds Manifold
Compression

System

Manifold
Dielectr ics

Stack
Compression

System

End Plates

N
or

m
al

iz
ed

 C
os

t R
ed

uc
tio

n
Technology Stack Costs
EPU Costs
 Target Product Costs

Non-repeating component cost out achieved by:
• Engineered cost reductions
• Alternate vendor/material qualification
• Specification/requirement changes
• Design simplification

Manifolds and 
Dielectrics

Stack Compression 
System

End 
Plates

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Manifolds Manifold
Compression

System

Manifold
Dielectr ics

Stack
Compression

System

End Plates

N
or

m
al

iz
ed

 C
os

t R
ed

uc
tio

n
Technology Stack Costs
EPU Costs
 Target Product Costs

Non-repeating component cost out achieved by:
• Engineered cost reductions
• Alternate vendor/material qualification
• Specification/requirement changes
• Design simplification

Manifolds and 
Dielectrics

Stack Compression 
System

End 
Plates



FuelCell Energy, Inc.          Technical Progress Report 
August 2004           December 21, 2003 to June 20, 2004 

 13

5.0  CONCLUSION 
 
Under this program, FCE has scaled up the technology to full-size and developed DFC 
stack and BOP equipment technology to meet power plant requirements, and acquired 
high rate manufacturing capabilities to reduce cost.  FCE has developed 50 MW per 
year manufacturing capability.  FCE has designed submegawatt (DFC300A) and 
megawatt (DFC1500 and DFC3000) class fuel cell power plants and conducted several 
field trials of the submegawatt design in the US, Europe and Asia.  Accomplishments to 
date include 40 million kWh of electriclity generated at customer sites throughout the 
world, up to 47% electrical efficiency and up to 80% efficiency in cogeneration 
application.  MW-scale field trials, the first 1 MW (DFC1500) and the first 2 MW 
(DFC3000) plants, are being initiated.  The field trial experience is being used to gain 
market experience, identify and resolve field issues, and improve power plant features.  
Sales and service organization for FCE power plants has been established.  Foundation 
for large, high efficiency fossil fuel based carbonate fuel cell plants for Vision 21 
program also has been developed under this program.   
 
Major activities remaining to be completed in 2004 include:  (1) completion of Stack FA-
100-3 test and full-size stack design improvement based on the test results, (2) power 
plant cost reduction efforts leading to 5% further reduction, and (3) materials work for 
further DFC life extension. 
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