
����������	
����������
������������	��
�������������������	������������������	�����

P. Greppi*+, E. Arato+, B. Bosio +, P. Costa+

(+)Department of Environmental Engineering, University of Genoa, Italy – (*)3iP, Italy

�����
����

The scope and requirements on fuel cell first-principle simulation models change 
throughout the different phases of product development. 
On thedetailed model MCFC D3S©, see our poster “PROCESS SIMULATION 
OF FUEL CELL SYSTEMS: Identification Problems in Detailed Models” B. 
Bosio, E. Arato, P. Greppi, P. Costa. 
For system simulation a simplified model of each unit is desirable. Good practice 
dictates that between simplified and detailed model the theoretical basisshould 
remain the same and the results should be consistent. 

�� ��

	��!��"

�����
�����

LIBPF (LIB rary for Process Flowsheeting) is the latest 
development of the group for fuel cell system modelling.
It is an object-oriented C++ library designed to manipulate objects 
which are familiar to the process engineer:
�Quantities with physical units of measurement
�Streamswith sub-streams
�Flowsheeting, graph analysis, flowsheet-in-flowsheet
�Chemical species and fluid properties

Its capabilities include:
�Interacting with plant control systems and SCADA via OPC
�Interacting with users through a graphicalUser Interface
�Chemical Equilibrium and VL flashes
�Steady-state or dynamic simulation
�Solving flowsheetssequentially or simultaneously
�Solving NLAE and DAE sets
�Basic unit operations (mixer, reactive heat exchangers, absorption 
columns ...)

See: Paolo Greppi “Flowsheeting in C++” European Modelling And 
Simulation Symposium Barcelona, Spain - October 4-6, 2006

A new, flexible, concentrated parameters fuel cell model has been 
deveoped within LIBPF.

The MCFC D3S© detailed model described elsewhere is an effective and validated standalone tool for fuel cell modeling, and can be used for system modeling within 
commercial process simulator software. To overcome the limitations of this approach to system modeling a concentrated parameter model was developed within LIBPF , 
the C++ library for process flowsheeting.
To reproduce accurately the results from the detailed model with the simplified model offsets or offset maps are included. 
The use of these offsets allows to get accurate results in a certain range while retaining the fast resolution times characteristic of the concentrated parameter model. The 
price to pay is the inclusion of a black-box non-predictive “core” inside the first-principle concentrated parameters model.

The fuel cell concentrated parameter model in LIBPF exhibits the same limitations common to all simplified models, i.e.:
•the values of the fields of distributed variables are not available,
•it is not predictive,
•the results will differ from those obtained with the distributed parameter model.

There is no way to cure the first two limitations; in particular the authors already highlighted in a previous work (“Clean energy from sugarcane waste: feasibility study
of an innovative application of bagasse and barbojo” D. Dellepiane, B. Bosio, E. Arato Journal of Power Sources 122 (2003) 47–56) the importance of using detailed 
models also in system simulations to check that the operating point is compatible with local limits: the simulation results obtained were more substantial than the ones 
obtained from a system simulation where a simplified MCFC stack model was used.
For some applications of system modeling though it might be worth curing at least the last limitation, by matching the results of the detailed (distributed parameters) 
model and of the simplified (concentrated parameters) model, for a nominal operating point or for a range around it.
The matching is obtained by defining a suitable averaging scheme to represent the distributed fields as concentrated parameters, and by adding offsets to certain variables 
in the concentrated parameter. Results from the distributed parameters model can be used to define offset maps (as a of a selection of the inputs and operating 
specifications) or empirical correlations thereof.
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LIBPF can compute dense or sparse
analytical derivatives.
Example: sparse Jacobian of fuel cell 
system, 43x43 with filling 19%

LIBPF can make objects persistent to a 
relational database via ODBC
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A multiple stream, multiple reaction, 
equilibrium- or fixed conversion 
concentrated parameters fuel cellmodel 
has been implemented

Fuel Cell

Anodic gas

Reforming
reaction

Water Gas
Shift reaction

Cathodic gas

Fuel crossover
"reaction"

Main
Electrochemical

reaction

LIBPF enables personnel with little or no 
skills in C++ to define the problem.

Specifying the problem is even easier.
No deep knowledge of C++ is required.


