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Need for off-grid power solutions ...
B at low costs

® with long self-contained runtime

B independent from weather conditions

B protected against vandalism

= Insufficient market solutions
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The eneramic® power generator
Technical specification

Design specification

Technology Fuel cell battery hybrid system
Operation Fully automatic, immediately available
Nominal power 100W, .. @12V

Fuel Propane, butane and ethanol fuels
Durability 10,000 h & 250 cycles

Weight / Volume 30 kg /50|

Ambient temperature -15°C up to 35°C
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System design
eneramic® prototypes

System

prototypes

Power output 95 W

Dimensions

Total volume/ 1751/
Hotbox size 60| (~ 34 %)

Weight 71 kg

Produced units 1

100 W 105 W

710x510x490 mm  640x425x420 mm 590x420x380 mm

1151/ 941/
391 (~ 34 %) 391 (~ 41 %)
55 kg 36 kg

1 4
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System design
Packaging of 3@ generation

Housing \

Air management

Compressed insulation
module

w Electric converters &

battery management
module

| <
4

Cooled
exhaust gas

Process control

module

Core module
- SOFC stack

- Reforming

- Pre-heating
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System design
Core module development

Developed

core
modules

Dimensions

Volume /
incl. isolation

Total weight/
Stack

New features

Produced units

70 x 200 x 180 mm 70 x 150 x 170 mm
2.521/60 | 1.791/39 1
5.5kg/2kg 4.6 kg /2 kg
Cathode off-gas New burner and
pre-heating HEX design
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System design
Components of core module

® Multilayer concept for
manufacturing
- brazed metal sheet
technology

Ease and low cost fabrication

Afterburner SOFC stack

Integrated manifolds

/ J > ":

Integrated combustion zone

Reliable and gas-tight design
with long-lasting components

L gl

1000 mi’

v >140 system cycles without
/AQ Start-up leakage

S v" > 5000 h operation at 850°C
Process air
pre-heater
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System design
SOFC stack

Planar stack technology

B Crofer 22 APU
Top plate with interconnect

current plu

Pig 3YSZ based electrolyte
supported cell
sealing glass

Interconnect
- Sealing frame

Contact ribs
Cost-effective fabrication

Cell B Laser cutting

Nickel meshes ~ M Screen printing,
Sealing frame dispensing

| Bottom plate
with
current plug
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Outline

B Testing and optimizing
operations

— Core module and stack
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Core module testing — Gen-1
Short term lab testing — Results shown at 36t ICACC 2012

40-cell stack with Ni/GDC anode, system operation with propane

150

140 ~

Power in W
- o~
N w
(@) o

=

=

(@)
1

100 -

AP/P,

< 2.3 % /1000 h

Core module Gen-1

90

50

100 150
Time in h

200

250

Test conditions

M Stack temperature
was set to 855°C

B Const. current mode
- 288 mA/cm?

Results

B Problems with test
rig caused several
shutdowns

B Degradation
AP/Py< 2.3 %/1000 h
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Stack testing in furnace and in core module
Analysis and optimization of stack temperatures

TMeasured/TModeI /AT
884°C/887°C/+3 K 882°C/883°C/+1K

Temperature

in °C

[ 889.10
886.12

- 883.14

- 880.16

- 877.18

- 874.20

- 871.22
- 868.24

865.25 F ’
[ I862.27 z '
E 859.29 Stack in furnace with 3 special
875°C/8I5°CI0K interconnect layers (10t, 20t, 30t"
cell), each with 4 thermocouples

Positioning of
thermocouples

877°C/879°C/+2 K

Simulated stack temperatures (30t layer)
- Critical peak especially for sealing
materials

Many thanks to Gregor Ganzer N eneramlc® ~Z Fraunhofer
for the simulation -
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Stack testing in furnace and in core module
Analysis and optimization of stack temperatures

920
Tieasured / Tioder /AT Bl Arin/Gasin [l Airin/ Gas out [[] Air out/ Gas out
884°C/887°C/+3 K 882°C/883°C/+1K o [_] Airout/Gasin [__] Furnace testing
Temperature .S 900 -
in °C 8
Positioning of 889.10 =
thermocouples [886_12 g 880
- 883.14 3
- 880.16 2 860+
S
- 877.18 O
- 874.20 % 840_
- 871.22 &=
- 868.24 2
865.25 820
I 862.27
859.29 800 el
877°C/879°C/+2 K 875°C/875°C/0 K Base 10" layer 20" layer 30" layer Top
plate plate
Simulated stack temperatures (30t layer) Previous and modified
- Critical peak especially for sealing temperatures in the core module

materials

Many thanks to Gregor Ganzer |; eneramlc® = Fraunhofer
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Core module testing — Gen-2
Durability testing for 5000 h

40-cell stack with Ni/GDC anode, system operation with propane Test conditions

150 — > M Stack temperature
Core module Gen- now reduced to
Safety load drop 840°C
140 Maintenance
stop B Const. current mode
> / - 295 mA/cm?
130
S
o
% 20
g 120+
AP/P, < 0.7 % /1000 h
110 ¥
100 1 1 1 1
0 1000 2000 3000 4000 5000

Time in h
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Core module testing — Gen-2
Durability testing for 5000 h

40-cell stack with Ni/GDC anode, system operation with propane

150

- Core module Gen-2
Safety load drop
140 Maintenance
stop /
= 130
S
)
% 120 - Results
o
B Deqr ion
AP/P, < 0.7 % /1000 h egradatio
1109 AP/P,< 0.7 %/1000 h
B Reduction of stack
100 . . . . temperature =
0 1000 2000 3000 4000 5000  reduced degradation

Time in h

-14 -
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Core module testing — Gen-2
Durability testing for 5000 h

40-cell stack with Ni/GDC anode, system operation with propane

150

=== Core module Gen-2
Safety load drop
140 Maintenance
stop /
S 130
=
)
5 120
S 1204
AP/P, < 0.7 % / 1000 h
110 %
Naoooh = 33.9 %
100 I I I I
0 1000 2000 3000 4000 5000

Time in h

Further testing with
adjusted parameters

B Const. current mode
- 313 mA/cm?

M Increased fuel input

W Stack efficiency
= Msooon = 33.9 %

B Lower electric
efficiency but
enhanced lifetime

Results

® Up to now
- no degradation
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Stack testing in furnace
Thermal cycling as life-time limiting issue?

40-cell stack with Ni/fGDC anode, stack operation with H,/N,

150 _ - 900 Test conditions
J =316 mA/cm®, FU =70 %

W 1 cycle per day
140 1 AAMMAAAMAAMAAMAAAAAAAMAAAAAAAAAAAAAAAAAAA [ 880

B Const. current mode

%
£
| o
Accelerated degradation 5
= 130- due to cell fractures | 860 ©
= \ 0 Results
) ] 1 i 1 Al S .
3 I Discussions welcome! I S W No degradation up
a 1207 808 to 75 cycles > then
| AN, rapid cell fracture
—_— = _
110+ -820 g B Fracture mechanism
{ & A Thermal cycling of stack in furnace (20 K/min) } are uncertain
100 (every 3" value is displayed) 800 (hotspots, substrate
O 10 20 30 40 50 60 70 80 damages, ...)

Cycle number
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Core module testing — Gen 2
Thermal cycling as life-time limiting issue?

40-cell stack with Ni/GDC anode, system operation with propane

140

130

Power in W
= =
= N
(@) o

100 +

| &P

U=265V
66 W <FU<73% |
“ 601h: Pe|—1175W
\
\
\
7th P|=1301W
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O
'

—

AP/P, < 0.18 % / cycl.

* 4

® O Redox & thermal cycling of core module (7 K/min)

90

0 10 20 30 40 50 60
Cycle number

900
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o

(o0}
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o

840

(o]
N
o

800

Mean stack temperature in °C

Test conditions

B Automated
start/stop cycling
in test bench

B Const. voltage mode

Results

® Power degradation
due to losses in
upper cells

® No cell fractures
B Degradation
AP/P,< 0.18 %/cycl.
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B Testing and optimizing
operations

— System prototypes
O
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Testing of eneramic® system prototypes
Preparation for field testing with LED information board

| = LED board §

Operation of eneramic® system in
metal box

M Protection against weather and
vandalism

B Gas supply with 2 x 11 kg gas
bottles

g | ® Space for two powerful lead
Propane supply i

batteries
Lozt

Aims
 Povr v

lrzEs e

eneramic® system

W System operation for more than
500 h with more than 10 cycles

B Operation between -5 to 20°C

|- eneramiC Z Fraunhofer

by Fraunhofer IKTS



Electrical power in W

Testing of eneramic® system prototypes
Preparation for field testing with LED
information board
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Electrical power in W

Testing of eneramic® system prototypes

Preparation for field testing with LED

information board
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Partial load behavior

Is important to
reduce system
cycling as power
consumption of
LED board varies
between 20 and
130 W

Stack gross power
can be reduced to
70 W
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B System design

B Testing and optimizing B Y
operations \_eneramic

— Core module and stack
— System prototypes
B Next steps
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eneramic® by Fraunhofer
Next steps

M Validation of the safety
concept with TUV (German
technical inspection association)

B Application testing under real weather
conditions with traffic guidance system

90 900"
i 90 000
4 i s

|
®
-~ g

= =)

B Environmental tests

- |

B Improving power density, cycleability
and losses of power electronics

® Improving manufacturing costs

B Market launch with partners in 2015
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Thank you for your attention.

—-......./ Thanks for financial support of

Andreas.Poenicke@ikts.fraunhofer.de

www.ikts.fraunhofer.de

/

The Il eneram|c project team.
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