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Introduction

« SOFC fuel cell technology is considered as a promising option for
residential CHP

» Cost and robustness of SOFC technology are the key issues for
commercial introduction

* The Flame SOFC project addresses costs and robustness through a
number of key system characteristics :

e No catalytic components in the fuel processing train
e No de-ionized water management

e Large operating window

o Multi-fuel capability

e Low cost and up scalable, planar SOFC technology
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Proposed technological solution
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The overall proposed technological
solution is significantly simpler and
innovative in comparison to existing
practice:

* No sensitive catalysts are used for
the fuel processing, enabling a long
durability

= No de-ionized water management is
needed

= The large operational windows of the
individual components and the
additional operational safety given by
the soot trap yield a robust non-
sensitive design

= Multi-fuel feedstock is enabled

= Up-scalable and potentially low-
cost SOFC technology is applied
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Project organization

WP0000 Management and Coordination

First Phase - Second Phase =  Third Phase
Target: Lab test of combined - Target: 2 -3 kW, Unit - Target:
components n =
Short stack, full periphery = Full stack, full periphery m Evaluation &
E » Demonstration
WP1100 System specs, basic design, co -ord. of modelling
- -]
WP1200 Detailed system design, Eontrol design =
= e o
WP1300 BoP Components and System Integration .% “E
°
WP2100 TPOX -Reformer devel Jncl. fuel pre -treatment % a
| x >0
WP2200 Soot Trap Development 5 II sz
L 3 =+ =
WP2300 Burner & Heat Exchang;r Development ll E E
-
WP2400 SOFC Stack Develcpmeit El
-
w
WP2500 Electrical Power Management and Control Il
-
T L : o
WP3100 Safety and certification issues ;-::‘{ avalumtion umits (Ma)
L2 w
WP3200 Life Cycle Analysis and Socio economic impact -
WP3300 Dissemination and Trainfng |
> - == - — - >
0 . 1 Y 2 ¥ Time 4
review state 18 months 36months  (years)

assessment
M1304: Operation of final
prototype of FlameSOFC unit
with all components as for the
targeted final evaluation (M386)

SP3: sustainability activ. |

assessment
M1301: Operation of combined
basic components including
first phase SOFC stack (M18)

SP1: system design, SP2: components
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Three major milestones:

1. Operation of combined
basic components
including first phase
SOFC stack (M18)

2. Operation of final
prototype of
FlameSOFC unit with all
components as for the
targeted final evaluation
(M 42)

3. Certification of
evaluation units
(M 47)
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Flame-SOFC Partners: Industry
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Flame-SOFC Partners: SME
Co-ordinator
VDI|VDE|IT
Stobbe Tech Ceramics
/ > EBZ
promeos
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Flame-SOFC Partners: Research

Energy Research Center of the Netherlands

OWI Aachen

Imperial College London

Scientific Co-ordinator

TU-BAF Freiberg
EPFL Lausanne

UERLN Erlangen
IKERLAN Mondragon

BUTE Budapest
IST Lisbon

NTUA Athens
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Main Project Objectives

Overall target: development of a robust stationary NG, LPG, IGO, or FAME fired
SOFC based micro-CHP system.

Power target: 2 kW, net output (expected future mainstream high volume mass
market for micro-CHP'’s)

Power modulation target: > 1:4

Efficiency targets: min 30% (up to 35% seasonal) net electrical,
> 90 % total CHP efficiency

Durability target: > 30.000h (no catalytic components; limitations mainly at the SOFC
stack level)

Cost targets (for series production): < 1950 € for the complete micro-CHP
Start-up time: less than 60 minutes

Main target application: domestic micro-CHP for single or two-family homes with
electrical grid connection (further potential as backup power unit, up-scaling)

8 Energy research Centre of the Netherlands www.ecn.nl




\

\

Z G\

Market situation
Study by MTS; 2 kW, case; end-user price and market volume

5 years payback, 4% interest, 2kWe, 20kWth with supplementary bumer
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2kWe, 35% el.eff. 1y . 90% tot. eff. Ly
20kWth with supplementary burner, 4% interest rate

250'000
sold units /
year \
200'000
Sy
150'000 Y= Total
Payback = lola
. —_— UK
100'000 -3 LliLs
ML
50'000 — B N
— ™ . — CH
O Ih%‘ e ————8—
3750 5000 6250 7'500 8750 10°000

Enduser price (€) complete microCHP

SOFC micro-CHP demand curve for
single/two-family homes (natural gas)
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Design of first phase prototype

= Implementation and testing of control system
= Verification of operation modes:

- Ignition of TPOX and afterburner
- System heat up

- Normal operation, load changes
- Shut-down

= Long-term operation components
= |nvestigation of soot formation

v

Operation of 500 W stack

V

= Validation of stack performance
= Operation of system with depleted fuel

v

10

Design of 2nd phase prototype
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Operation in stack dummy mode \ R\ L o

3-D schematic
representation

of the 15t Phase Prototype
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Development state selected components: Liquid Fuel Pre-

treatment

IGO / FAME
and blends
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air distribution Recirculation tube
Injector cooling /

7

temperature —®

Injector holding

i ® measurement
description —»
Inlet Rec.tube2 CF-outlet

Rec.tubel Rec.disc

Air preheating

Volume: ca. 0,8 liter
low pressure injection nozzle (p=5 bar; f=5 Hz)
Stable operation for P,,=2 — 8 kW

Cool flame outlet temperatures between 9 =440
—500°C
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Development state selected components: Gaseous Fuel Pre-
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Development state of selected components: TPOX reactor and soot trap
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Air inlet
&
i | y
Air outlet - o
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« Assembled system 2':\:}"""“' outlet  |ntegrated recuperator with TPOX
including Al, O porous outlet housing and TPOX ignition
medium based TPOX
reformer (TUBAF) and
soot trap (POLITO)

3 T,
¢/ Reformate
inlet
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SOFC Stack
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Power Electronics and Grid Connection
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and blends
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Design adjustment for the system
integration

Counter flow L/L version

39 channels supported with bars
(20 cold; 19 hot);

channel height 1.2 mm
Dimensions: 255 x 88 x 88 [mm]
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Testing results: Heat-up procedure of the 1st phase prototype
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A load variation during heat-
up was applied to optimize
thermal gradients

The load was initially set to
3 kW until the thermal
gradients decreased and
then to 8 kW

The target of 700°C
achieved

Heating time 4 hours due to
stack constraints
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Normal operation mode - Load Variation

TPOX,out TPOX air,out Recuperator,out Fuel enthalpy ..
Load variation from
1200 8
2 kW to 8 kW successfully proven
1100 ; Afterburner in dummy stack mode
had to convert the reformate gas
O 1000 5 E Heat. Igsges of TPOX rgactor to be
= N minimized by improving system
) > : )
S 2 integration
E 900 5 g
(V] c
£ -
3 800 4 §
E
600 ‘ ‘ ‘ ‘ I 2
150 160 170 180 190
Time / min
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Normal operation mode - Stack Performance
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Operation of 500 W class “S-
Design” stack (HTceramix)

Maximal power
485 W achieved

Performance limited by one
block of cells

Fuel utilization up to 40 %
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Stack performance CONFIDENTIAL - Proprietary Information SOFCPower/HTceramix
(Stack design 2nd
F-09 : 40% H, and 60% L/min N,
prototype system)
4 mL/min/cm? H2 ; 20 cells
1.2 1600
1400 W
- 1400 voltage 1[V]
11 ~— — voltage 2[V]

voltage 3[V]

— voltage 4[V]
— voltage 5[V]
\ 1000 voltage 6[V]

— voltage 7[V]
voltage 8[V]
voltage 9[V]
voltage 10[V]

600 voltage 11[V]

[=]
[+ -]

800

Power (W)

Voltage (V)and Efficlency
(o]
[+)]

0.4 0 — voltage 12[V]
49 % efficiency voltage 13[V]
400 voltage 14[V]
0.2 Efficiency
200 Power

81% fuel util.

o T T T 0
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Fuel utlization (%)
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Overall System Design (Housing)

IGO / FAME
and blends NP
’ I /D¢
> |
4 on. « Complete SOFC
ks | micro-CHP

system in 197
rack

= Separation
between hot and
cold part

* Hot parts are

bundled in

Exhaust
gas E
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Expected net efficiency
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Nett SOFC efficiency (LHV) at 80% utilisation
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20

0% 20% 40% 60% 80% 100% 120%
Load

The process simulation (AspenOne Ver.12), considering all peripheral components and the
currently available characteristics, indicates that the FlameSOFC unit will reach a net el.
efficiency of ca. 30% at full load (up to 37 % at min power and NG fuel)
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Outlook

*Results of prototype development is integrated in design for two validator units:
e One unit in Spain (gaseous fuel based)
e One unit in Germany (liquid fuel based)
e Both units will be operated for about 6 months
» CE certification test will be conducted for validator unit in Germany
e CE certification by notified body in progress and includes:
— Gas technical testing (emission, functional testing)
— Safety Electronics testing
— Electrical Safety testing

— Electromagnetic compatibility (EMC) testing

Energy research Centre of the Netherlands www.ecn.nl
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Lessons learned

» Problems related with connections, thermal expansion, corrosion etc. in the high
temperature section are underestimated and no standard solutions exist.

 Tailored Bop components are essential in order to reach the efficiency.

» Quality management and control are needed already in the prototype development
stage

» Development costs and time are always underestimated

» Optimism, cooperation, management and a reasonable work pressure is needed for
finally achieving functioning prototypes with a consortium of 20 partners.
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