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> The project foresees four years of activity: 2004-2008

> As a first phase of the program, the Pennsylvania-based Stationary Fuel Cell division 
of Siemens Westinghouse Power Corporation supplied GTT with a CHP Solid Oxide 
Fuel Cell (SOFC) system, fuelled with natural gas with internal reforming, rated 100 
kWe and 60 kWth. The next step is the installation and the demonstration of the 
SFC200 (SWPC) planned for the 2007, rated 125 kWe and 85 kWth.

Introduction: the EOS Project

Operation Data of the SOFC CHP100 on December 13, 2005  

Run hours in GTT 4250 h  

Total Run hours around 25000 h       

Energy produced in GTT   507.2 MWh           

Produced Power, DC 122.7 kW 

Produced Power, AC 102 kW

> Also a tubular SOFC CHP5 (SWPC and FCT) will be tested since early 2006.
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Overview of the SOFC CHP 100 operation
Some Experimental Results (November 2005)

-

Thermal Management System

Fuel Supply System
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Overview of the SOFC CHP 100 operation
Some Experimental Results (November 2005)

Response Surface Vgen
Contour Plot Vgen

Response Surface Wel,ACTESTED EXPERIMENTAL DOMAIN: 951°C<TGEN<961°C

81.75<F.U.<84.25

SET UP TEMPERATURE SENSITIVITY OF THE GENERATOR VOLTAGE 
55 mV/°C

FUEL UTILIZATION SENSITIVITY OF THE GENERATOR VOLTAGE 
-1 V/%FU

TESTED EXPERIMENTAL 
DOMAIN

951 °°C<Tgen<961 °C
81.75<F.C.<84.25
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Overview of the SOFC CHP 100 operation
Some Experimental Results (November 2005)
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-

The SOFC CHP100 Model

> A mathematical model has been developed with the aim of simulating the steady state 
operation of the SOFC CHP100 built by Siemens

> For a certain current demand the model is able to calculate the required fuel flow, the 
generator voltage, gas composition in several points, the net AC power and the 
recovered heat for the cogeneration

> The average generator temperature is an input parameter and is calculated iterativelly by
tuning the air preheating (simulating the recuperator by-pass valves) and the air 
utilization factor (simulating different air blower speeds ) . For a set current demand the 
air preheating is fixed at a suitable value and the set-up temperature is regulated by
tuning the oxidant utilization
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Electrochemical model

Constants:
Activation energy of anode 110 kJ/mol           ma=0.25
Activation energy of cathode 160 kJ/mol        mc=0.25
Pre-exponential coefficient for anode             Ka=2.13 108 A/m2

Pre-exponential coefficient for cathode          Kc=1.49 1010 A/m2

il,a/c=0.8716Tgen-546.8 mA/cm2, fitted from literature
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Chemical Model

Chemical Model
The steam reforming and water shift

reactions are considered at the equilibrium
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Thermal Model

Fuel Cell Generator Energy Balance Model
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> The equilibrium temperature of the reaction products is evaluated by solving the generator 
energy balance equation. The heat fluxes associated to the main reactions are taken into 
account 

> The cell tube temperature has been evaluated by considering a thermal resistance between the 
cell surface and the gas mixture inside the generator (equivalent electric circuit model)

> The thermal management system of the SOFC CHP100 is modeled by considering the air 
preheating of the process air at the LTR and HTR recuperators and in the top section of the 
generator (Air plenum and combustion zone)
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Model Validation

> Some parameters have been estimated in the model validation mainly to better assess the 
balance of plant model.

> The parameter estimation has been made on four measured variables using  least squares 
method

Average Operating Temperature

Generator Voltage

Combustion Zone Temperature

Generator outlet temperature

> The equations used for the regression procedure have been (b labels the estimated 
parameters)
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Model validation

> The parameter estimation has been made on two operating points based on field 
measurements at two different generator currents

-

> The estimated supplementary cell 
overpotential is around 50 mV/cell

> The main results of the 
estimation suggest that in the 
combustion zone occurs the 30% 
of the air preheating at the top 
section of the generator.
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Model validation: Results

Combustion Zone Temperature
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The validation of the model has been
performed in a small experimental
domain because the major efforts have
been devoted to the assesment of the 
operation of the SOFC CHP100. The 
model error on the estimation variables
is above 1% while the validation on the 
other measured variables has an
estimated error value lower than 3%

Average Generator Voltage
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Model validation: Results

-

Experimental

Model
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-

Model validation: Results

Experimental

Model
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Model validation: Comments

> A consideration should be made about the estimated cell overvoltage. A value of 
around 50 mV/cell has been found: this is an overvoltage which is NOT modeled
by the electrochemical equations used in the polarization model; at the same time 
this is quite an high value. Our hypothesis is that many factors contribute to this
behavior, such as:

-Start-Up Conditions
-Not complete conditioning of some SOFC segments
-Not optimal assessment of the Fuel Desulfurizer System with an
increasing of the activation overpotential
-Different electrochemical behavior of the SOFC cell bundles because
of different pedegrees

Estimated time for the fuel cell conditioning: more than 3000 hours

The validation data are obtained for the operation with zeolites as desulfurizer agent; the small
effectivness or a NOT good placement of the agent could NOT ensure a good fuel desulfurization
affecting the activation losses. Swichting to activated carbons leaded to higher segment voltages.

The pedegrees mainly concern different total running hours of the cell bundles but also
different providers of the cell materials
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Conclusion

> A mathematical model has been developed simulating a SOFC CHP plant and 
experimentally validated on the operation of the tubular SOFC CHP100 built by
Siemens

> In the investigated experimental domain the model represents the operation of the 
SOFC CHP100 with a good approximation

> Results show that the 30% of the air pre-heating in the top section of the generator
occurs in the combustion zone

> The polarization equations assumed by the current literature do not fit the actual
electric behavior of the generator mainly because of the different characteristics of 
the assembled solid oxide tubes. A supplementary overvoltage of around 50 
mV/cell has been estimated for fitting the experimental data

> A first experimental characterization was performed on the generator (TEST on 
the TGen and F.C.) by applying a spherical central composite experimental design 
(CCD). A complete test report will be published as soon as possible
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Future Work

> A deeper validation work will be performed taking into account a complete 
polarization behavior and a validation of the gas composition at the sample
points of SOFC CHP100

> The model will be modified to represent the operation of a smaller size
SOFC CHP plant (SOFC CHP5) fuelled with natural gas.

> The model could be validated through field measurements on a SOFC 
CHP5 (Siemens-FCT) which will be installed at the Gas Turbine 
Technologies very soon. 

> The next experimental campain will concern the evaluation of changes in 
the S/C ratio on the generator operation

THANKS TO Gas Turbine Technologies (GTT) FOR THE COURTESY


