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EU-Project CISTEM

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

Vision : Development of a
new HT - PEMFC based CHP
technology with high
efficiency and long

lifetime

Proof viability of HT-PEM-
FC technology for large
CHP systems

Degradation
investigations:

single components, MEAS,
stacks, CHP units

System requirements
= system efficiency
B control strategy

™ |oad management

Modular

concept Stack requirements
B durability
Balance HT-PEM ™ costs
of Plant stack M volume
B gas quality BoP
Stack ™ modulation capabilities

materials

Bipolar matical
plates modelling

Development Overview
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EU-Project CISTEM

Technical targets ke
- % conventional heater thermal
B Modular setup with4 kW, stacks &8/ storage
¢l § /////////////,
= Module 4
B Electrical output: ) Module 3
= Module 2
Up tO 100 kWe| Module 1 ‘
hours 8760 h
= Electrical efficiency' > 40 % Annual load curve with modular CHP system

Modular Setup Approach Advantages

Working temperature: 160 C

= Suitability for mass production
= Higher system efficiency
B Fuel flexible: E Maintenance fon the

pure H , / NG reformate Stability and reliability

GA No: 325262
Duration: 1 st June 2013 i 31st May 2016 FCH
WWw.project -cistem.eu )
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EU-Project CISTEM

Components SHOIHSTECKS Balance Evali:tli:;n Operation
P Full Stacks Plant P
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Request by FCHJU/Test Conditions

MEAs from DPS with thermally cured membranes (3)
=5*5 ¢ mjcell

= Current density: 0. 3 A/ c m)]

= Test duration : 2,000 h

Temperature :160 AC

E= Reactant gases: H ,/air (I =1.5/2)

~

Degradation rate -4 __OV/ h
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Test Procedure

Start -up: Break -in:
1) RTY 120AC 100 h
N2/N 23 0 A/ C @ 0. 2
2) Reactant gases
3) Heat up: 160 AC
Load on (v<8oomv)

Test conditions

Constant load: 0.3 A/lcm 2
H,/Air

Shut -down:
1) Cool down:

160 AC Y 120 AC =
2) Switch to N,/N, MEA Characterization

0 A/ cm], BoL, every 1,000 h, EoT
120AC Y RT IV
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Definition of BoL

Beginning of life ( BolL ):
A BoL can be defined as the point in time of the first fuel cell
performance at a given operational condition

0.65
Scientific 5 oso LWM% System Developer End
=|BoL! § = 055 \ Bol 2 User
First perform -8 " 050 4 \\ BoLl = 1st performance after
ance after T oas \; starting up the fuel
break -in 0.40 - = Performance cell for the first  time.
period. 035 - when nominal B No customer will  wait
. load is applied.
> 030l for several hundreds
= BoL 2: S o025 of hoursto have a
- 5 2 o020 1~ starting point
Maximum S U _ gp
performance 8 0.15 T Break-mlpenOd T T T T T E Break - In phase
' 0 500 1000 1500 2000 2500 3000 1 1
Time [ achieved in the factory
Long term test for the fuel cell operating with H.,/Air after teStIng the CHP
(T anote / T camose = 1.5/2.0). T=160  AC,j=0.3Alcm 2, unit (BoL 1).
p=0.1 MPa, SFF, P .=0.75 MPa
08 -April -16 J"’HI ::gl‘:"feér'?ngcmm ;'iXT"E:"qERf'Y -@-Danish Power Systems® ..!!E!m eeeee Institut @ EEE‘&E?’IR:;DTECHNOLOGV . 5



Extended Long Term Test at DPS

Voltage o 1 oints
o ”
© - Lower current densities
% 0.8 for 160 h
> T
=72 Power cut /
Q — 1 \
@)
o 0.6 1 -
3
L
Z o, —
@ 04 - —)
QN
T £ E—
c<20.2 —
v < " Polarization
*5 curves 0 2000
U 0llllIllllllllllllllllllllllll
0 500 1000 1500 2000 2500 3000
Time [hours]
B Degradi..c.. .cee cimieee i o o o i ges . e w.o 0.3

Degradation rate at 3,000 h: 4.7 OVI/h
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Extended Long Term Test at

NEXT

-1

= \Voltage vs.time =1V -curves : Selected points
1.0 |
v SRl Er—rorsy —e—03A/cm’  —e— 0.6 A/lcm’
(Q 1.0t 01AEm’ —e—0.4 A/cm’
% . 0.8- ©|-e—0.2 Azem’ o 05 A/cm’ . .
> > ='0.94
@ : ] o %0.8—-
o 0.6 -~ =
% ﬂ—_ S 0.7 . . .
L % b ® ® :
© 0.6 4
> o) l/ N\
_-:;n-l 0.4 1 2 0.5(— . “‘"‘—‘—-——-——._.__,
C 1 -\o
% NE 0.4 -
- L T
c 0-21 03 4+———7F——T7 7T T
E Sn 0 500 1000 1500 2000 2500 3000
S Time [hours]
O
0.0 T T T T T T !
0 500 1000 1500 2000 2500 300C
_— : Time [ho
B Degradationrate  at2,000h: + 14" %[h&i%])(/impmve = 1.1% at
= Degradationrate at3,000h: +2. 0 OV/ h
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Extended Long Term Test at NEXT - 2

I

d points

=Voltage vs.time

Q

(@)]

S 0.8 -

g —

> : o [ ]
— g

0] I

g 0.6 4 Blackout L
@ \ ~ I — /‘
3 9 BoL: 610 mv

L 2060 h: 599 mv

(average)

0 . 4 i O O (average) O

—l
0.2 -I\
] Standard Break-in: 100 h @ 0.2 A/fem®
0.0 T I T v T v T T T
0 500 1000 1500 2000
Time [hours]

Degradation rate at 2,000 h: 4.4 O=mWHh,=-1.3% at O.

Current density
[A/cm?2]
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