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EU-Project CISTEM: General information

CISTEM: Construction of Improved HT-PEM MEAs and Stacks for 
Long Term Stable Modular CHP Units

GA No: 325262

Duration: 1st June 2013 – 31st May 2016 

www.project-cistem.eu

07-April-16



4

Overview

07-April-16

EU-Project CISTEM

Scope of the work

Experimental setup

Definition of concepts

 Fuel cell degradation

 Beginning of life

 End of life

Summary



5

Scope of the work

Fuel cell technology has a wide variety of applications with different 

service life time requirements (FCH 2 JU – Work Plan 2015):

 > 15 years (130,000 h) for stationary μCHP systems

 > 6,000 h for passenger cars

 > 15,000 h (or 2 x 8,000 h) for buses

 > 10,000 h for portable applications

Optimization of fuel cell materials and operation strategies to 

mitigate degradation and extend fuel cell system life time.

Operation conditions strongly influence fuel cell life time.

How can life time of HT-PEM MEAs be estimated?

… in fuel cell based CHP systems

07-April-16
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Scope of the work

Definition of concepts to determine the life time in HT-PEM MEAs:

 Fuel cell degradation

 Beginning of life (BoL)

 End of life (EoL)

Wide variety of definitions found out

depending on the point of view:

 Scientific

 System developer

 End user

07-April-16
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Experimental Setup

HT-PEM test benches

07-April-16



Cell Compression Units:

Contact pressure range: 0.2 to 2.5 MPa

Max. temperature: 200 °C

Displacement sensor: 0-2 mm  1 μm
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Experimental Setup

07-April-16
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Experimental: BPP and MEA Detail

Manufacturer MEA Details

Danish Power 
Systems

Dapozol® G-55
Non-woven carbon cloth

H3PO4-PBI based membrane

University of
Castile-La Mancha

UCLM
Carbon paper

H3PO4-PBI based membrane

BASF Celtec®-P1100W
Woven carbon cloth

H3PO4-PBI based membrane

Flow Field Design 5-Fold Serpentine Grid

• Nominal area    [cm2] 25 25

Nominal Pc = 0.75 MPa — Operating temperature = 160 °C 

Flow field  design image from: A. Diedrichs and P. Wagner. ECS Transactions, 50 (2) 1137-1153 (2012)

07-April-16
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More about our experimental results:

07-April-16

Long-term testing investigations in
single HT-PEM fuel cells for CHP applications:
The CISTEM approach

M. Rastedt1, F. J. Pinar1, P. Wagner1, A. Dyck1, Héctor R. 
García2, Thomas Steenberg2, Hans Aage Hjuler2, Martin 
Paidar3 and Karel Bouzek3


1NEXT ENERGY


2Danish Power Systems


3University of Chemistry and Technology of Prague

→ L 21, Friday, the 8th of April 2016, 11:30-11:50
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Fuel cell degradation:

 Degradation is the loss of cell voltage at a given operational 
condition, which immediately transforms to a drop in electrical 
power and efficiency that constrains fuel cell service life time.

When does fuel cell
degradation start?

 Refer it at same
operation conditions
(T, P, λ, load, etc.)
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Definition of concepts
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Start-of-degradation

Long term test for the fuel cell 
operating with H2/Air 

(λanode/λcathode =1.5/2.0).
T=160 °C, j=0.3 A/cm2, p=0.1 MPa, 
serpentine flow field, Pc=0.75 MPa
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Beginning of life (BoL):

 BoL can be defined as the point in time of the first fuel cell 
performance at a given operational condition.

BoL1:
First performance after
break-in period

BoL2:
Maximum performance
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Definition of concepts - BoL (1)
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BoL1

BoL2

Long term test for the fuel cell 
operating with H2/Air 

(λanode/λcathode =1.5/2.0).
T=160 °C, j=0.3 A/cm2, p=0.1 MPa, 
serpentine flow field, Pc=0.75 MPa
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Long term test for the fuel cell 
operating with H2/Air 

(λanode/λcathode =1.5/2.0).
T=160 °C, j=0.3 A/cm2, p=0.1 MPa, 
serpentine flow field, Pc=0.75 MPa

BoL definition sorted by point of view

Scientific:

 Maximum performance (BoL2)

 Performance after
24 hours of break-in time

 Performance when nominal
load is applied (BoL1)
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Definition of concepts - BoL (2)
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BoL definition sorted by point of view

System developer and end user:

 Advisable to set it as first
performance after starting up
the fuel cell for the first time.

 No customer will wait
for several hundreds of hours
to have a starting point.

 Break-in phase achieved
in the factory after testing
the CHP unit (BoL1).

17

Definition of concepts - BoL (3)
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Long term test for the fuel cell operating with H2/Air 
(λanode/λcathode =1.5/2.0). T=160 °C, j=0.3 A/cm2,

p=0.1 MPa, serpentine flow field, Pc=0.75 MPa

BoL1
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Voltage degradation rate:

Based on BoL performance.

Voltage difference between
BoL and end of test (EoT)
at same operating conditions.

BoL1: +2.0 μV/h
(Performance: EoT > BoL)

BoL2: -17.4 μV/h

@ 0.3 A/cm2
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Definition of concepts - BoL (4)
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Long term test for the fuel cell operating with H2/Air 
(λanode/λcathode =1.5/2.0). T=160 °C, j=0.3 A/cm2,

p=0.1 MPa, serpentine flow field, Pc=0.75 MPa

BoL1

BoL2

EoT
(3000 h)

Degradation rate ΤμV h =
BoL μV − EoT μV

BoL h − EoT h
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End of life (EoL):

 EoL performance is based on percentage loss of voltage
or efficiency from BoL performance.

 Definition varies depending on point of view
(scientific, system, end user).

Scientific:

 10 to 20 % of total performance loss
at a given operation condition from the BoL performance

 Testing to reach EoL is not practical in real life:

• Very costly

• Implementation of mitigation strategies is too slow.

 Development of accelerated stress tests (AST).

 Testing length limitation to 1,000 – 2,000 h.
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Definition of concepts - EoL (1)
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Definition of concepts - EoL (2)
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Scientific:

Long term test: AST:

Long term test for the fuel cell operating with H2/Air 
(λ =1.50/2.00). T=160 °C, j=0.3 A/cm2,

p=0.1 MPa, serpentine flow field, Pc=0.75 MPa.
Beyond state-of-the-art MEA

AST of a fuel cell operated with 78% H2+22% CO2/30% O2

enriched air (λ=1.50/2.85). T=160 °C; p=0.1 MPa;
serpentine flow field. State-of-the-art MEA

-81.0 μV/h @ 0.3 A/cm2

>10 % voltage loss

Projected life time h = EoT h +
EoL μV − EoT μV

Degradation rate ΤμV h

Life time = 776 h

EoL = 10 % loss from BoL

Milestone: <-4 μV/h (3000 h)

-2.4 μV/h @ 0.3 A/cm2

Life time > 26400 h

6400 h → -3.0 μV/h



System developer:

Degradation of BoP components may jeopardize fuel cell life time:

 Fuel processor catalyst deactivation over time

[CO] exceeds FC tolerance (~3 % mol CO at 200°C1)

 Hydrogen safety issues:

• Flammability limits of H2 in dry air
at 101.3 kPa and 25 °C2:
LFL: 4.1 % vol.
HFL: 74.8 % vol.

• System operation within
this limits is hazardous.

 BoP maintenance before reaching limit extends system life time.
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Definition of concepts - EoL (3)
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1. Q. Li, R. He, J.-A. Gao, J. O. Jensen and N. J. Bjerrum. The CO Poisoning Effect in PEMFCs Operational at Temperatures up 
to 200°C. Journal of The Electrochemical Society, 2003, 150, (12), pp. A1599-A1605

2. Safety standard for hydrogen and hydrogen systems. NSS 1740.16

http://www.hi-energy.org.uk



System developer:

US strategy for EoL:

 Minimal FC voltage output set to 60 VDC for its conversion
to 120 VAC (U.S. single-phase voltage standard).

Japan strategy for EoL:

 Maximum 10% single cell voltage loss:

• Panasonic (LT-PEMFC): 60,000 h (-1.08 μV/h)

• AISIN (SOFC): 90,000 h (-0.89 μV/h)

EU strategy for EoL:

 Maximum 20% single cell voltage loss.

 490 – 450 mV per cell (fuel cell power range 1.5 – 2.5 kW).
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Definition of concepts - EoL (4)
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Japanese manufacturers 
warranty 10 years operation



End user:

EoL definition is related to fuel efficiency and primary energy 
savings. Trade-off between system efficiency and economic 
factors:

 EoL is reached once electrical efficiency is low
(not enough electrical power to keep
the house off-grid during a certain time).

 Maintenance may cause EoL when its cost exceeds a certain 
limit that make replacement of the whole system more suitable.
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Definition of concepts - EoL (5)

07-April-16
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Key messages:

Importance of the concepts (FC degradation, BoL and EoL)
to determine life time of a fuel cell system.

Industry should focus on end-user
as they will finally decide EoL of their CHP system.

Nevertheless, industry must ensure a minimal operation time 
and plan maintenance of the system before fuel cell life time 
is jeopardized (H2 leakages, ↑[CO], heat exchange capacity 

of cooling media loss and other BoP components).
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