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Z.UrbanςProcess Systems Enterprise Ltd, UK

London 
24 September 2009



© 2009 Process Systems Enterprise Limited

PSE Customer base ςFC related 

Americas

Air Products
BP Chemicals

Conoco Phillips
Dow Chemicals

DuPont
ExxonMobil

INEOS
Praxair

Bend Research
Energy Solutions
Johns Manville 

LXEng
Procter & Gamble

SQM
Toyota Motor US

United Technologies RC
United Technologies Power

EMEA
Arkema

BP Chemicals
BP Exploration

BASF
Bayer TS
Infineum

LindeEngineering
Morgan Stanley

RepsolYPF
Sasol

Shell Global Solutions
Süd-Chemie

Sulzer
TOTAL

Atomic Weapons Establishment
/ŀŘōǳǊȅΩǎ

Ceres Power
Dear Sea Works

det Norske Veritas
FLS Automation
Friesland Foods
Nexia Solutions

Nestlé
PURAC

RWEnpower
Sasol

Topsøe Fuel Cells
Voith Paper

Volvo Power Cell

APAC

IdemitsuPetrochemicals
LG Chem

Mitsubishi Chemical
SamnamPetrochemical

SKC
SK Chemicals

SK Energy 
SK Petrochemicals

Taiyo Nippon Sanso 

Samsung Electronics
Samsung SDI

Sugar Australia
Toshiba Fuel Cell Power Systems

Toyota Motor Company
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Challenge

< Many complex coupled 
phenomena
- occur at micro-scale within each 

MEA layer

- need to be considered 
simultaneously

< Stacks involve tens or even 
hundreds of such layers 

< Systemand dynamic 
considerations ςfurther orders 
of magnitude complication

< For optimal design need to 
examine many alternatives

Fuel channel

Anode

Electrolyte

Cathode

Air channel

Heat transfer

Reaction: O2 + 4e Ą 2O2-

Reaction: CO, H2 + O2ĄH2O, CO2 + 2e

Flow in channels 
of complex 
geometry

Combined 
chemistry and 
electrochemistry

Species diffusion
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Model supported data processing and FC 
stack design
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aǳƭǘƛǇǳǊǇƻǎŜ ŜƭŜƳŜƴǘŀǊȅ ƳƻŘǳƭŜ άǇƭǳƎ-ƛƴέ

1 4

3

Systems design and control
(2-D stack model)

Experimentation & data based validation, 
MEA components development   (1-D model)

Detailed stack design
(3-D stack  model or link with CFD)

Anode

Electrolyte

Cathode

Fuel boundary

Air boundary

1-D distributed 
elementary module 
of MEA

1-D distributions

2

Stack performance, water management 
deactivation, design decisions  (2-D stack model)
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Step 0 ςdeveloping model components of MEA 
and stack 
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Step 0 ςbuild models of MEA (SOFC)

1. Build detailed 1-D model of MEA

- aǳƭǘƛǇǳǊǇƻǎŜ ŜƭŜƳŜƴǘŀǊȅ ƳƻŘǳƭŜ ΨǇƭǳƎ-
ƛƴΩ ƛƴŎƻǊǇƻǊŀǘƛƴƎ ŀƭƭ relevant phenomena

Electrochemical 
reactions, 
activation 
overpotential

Multicomponentdiffusion, 
CH4 steam reforming and 
shift reaction

Anode

Electrolyte

Cathode

Fuel channel

Air channel

Reaction

Heat generation due to 
entropic losses and 
activation 
overpotentials

Heat transfer

Heat generation due 
to Ohmic losses

O2ςmigration

Heat consumption by 
chemical reactions

H2, CO  + 2O2ς-> H2O, CO2 + 4e

O2 + 4e -> 2O2ς

Core unit for many 
subsequent activities

Available in gPROMS

Advanced Model 
Library for Fuel Cells 
[SOFC and PEM]
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Step 0 ςbasics of the standard PEM Stack model
 

 

 

Bipolar plate anode side 

 

     

Fuel channel 

Electron conducting material 
 
 
 
 
Pores for material transport  

Anode gas diffusion layer 

 
 
Electron conducting material with catalyst 

 

Anode catalytic layer 

 
 
Ion conducting material 

 

 
 
Electrolyte 
 
 
Air cooling channel 

 

 

 

 
Vaporising water cooling 
channel 
 
 
Cathode catalytic layer 
 

 

 

 

 

 
 
 
 
Cathode gas diffusion layer 
 

 

      

 
 
 
Air channel 
 

 

 

 
 
 
Bipolar plate cathode side 
 

 

< all model components 2D or 3D distributed

< 2D, 3D charge conservation balances in 
GDLs and current collectors (bipolar plates)

< mass transport in GDLs and catalyst layers 
modelled with Maxwell-Stefan kinetics for 
multicomponentdiffusion with micro-scale 
convection

< rigorous physics for electrolyte membrane 
swelling ςswelling related to the local  
across its thickness water uptake

< agglomerate  and ionomerfilm models in 
cathode catalyst layer

< capillary pressure induced liquid water  
transport in GDLs and catalyst layers

< water condensation in gas channels

< propagation of catalyst deactivation  over 
the stack related to the local cumulative 
oxygen throughput
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Step 0 ςdown to the details ςenergy generation sources  
in cathode catalyst layer

 Equations: 
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< ohmic loss associated with protons 
migration in the ionomerpart of 
catalyst layer

< entropy generated heat ςPeltier
heating

< latent heat of water condensation 
or vaporisation in pores

< ohmic loss associated with 
electrons conduction in the carbon 
part of catalyst layer

< energy generation associated with 
charge generation by reaction 
under overpotentialςactivation 
heating 
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Energy rate as electric power + energy 
removed with cooling air + energy 
removed with gases

Energy of combustion of consumed hydrogen

Energy conservation ςthe ultimate validation test of any 
FC-Stack  model


