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E Solid Oxide Fuel Cell

® Fuelcell —-ceramic device

Solid Oxide Fuel Cell

Fuel Hz0 + CO;
CO+H;0 - Hz2+CO:2 Heat

-
-

Depleted O2
ﬂ»> Oxidant

Fuel electrode (anode)

®* Working temperature: 600°C -1000°C




mjingle celland SOFC stack

® Stack is composed from many cennected




Power flexibility
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® High electrical efficiency

exhaustgas and use waste heat

— Notlimited by the Carnottheorem

Potential to recirculate anode

Fuel Electrical Efficiency (%) | Total Efficiency (%)
LHVY, net (90 °C)

Matural Gas 55 54
Biogas with 50% COx a4 ad
Methanol 53 g5
DhE A3 g3
Amrmonia 55 a4
Diesel CPO (5 kYY) 41 g5

Y PONITECH

Thermal Power (W)
Thermische Leistung (V)

E fficiency issues

Specifications

Model Number: BlueGen

Performance

Electric Output: 0 to 2,000 W
Power output modulation fr
Max. Electrical EfficieqCy: 60 % at 1,500 W output
(Net AC export LHV)

Mote: Thermal output and water recovery only possible with
heat recovery system connected

Thermal Cutput: Approx. 300W to 1,000W
Depending on electric power output and heat recovery water

temperature (exjaus-gaesomies-te=aol]l

Total System [ engy: Up to 85 % )
(depending on heat and condensate recovered)

Thermal & Electrical Performance
Thermische & Elektrische Leistung

%)

1400 0% o <
oF

@

1200 60% E\ 2
=)

U

1000 s0% 5 S
£ 8

800 a0 W5
gz

600 30% S S
Voo

a g

400 0% o £
P

LT

200 10% =z x
i

0 0%
0 500 1000 1500 2000

AC Export Power (W) Wechselstromexport (W)




Fuelconsideration

®* Typical fuel: H

®* Other fuels: CH ,CNG,LPG, diesel, ...

—Possible to use externalreforming of

hydrocarbon fuels — not efficient Il

® High working temperature allows internal
CH.&—i—HzO — CO+ 3[12

reforming

CHH2n+2 =+ IleO — nCO + (2[’1 + l)Hz

Hy + 0¥ — H,0 + 2e
CHHZIH-Z — nC -+ (Il -+ 1)H2

CO+0% = 00;42e




Internal reforming capability

Internal
Reformer 2
Anode ~ O
Hydrocarbon Fuel
+ Excess Steam > CO+H, ———9 CO. + H.O + Power
Hydrocarbons +H:0 ‘&
Bottled Gas Anade + O

Gasoline

(propane, butane) Diesel CO, + Hy ; CO, + HoO + Power

Aviation Fuel

Natural Gas Figure 12.10  Schematic of reaction processes inan SOFC with indirect internal reforming.
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Bi
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Landfill Gas
Methanol
di 2.
Ethanol Acetic Add Hydroearbon Anode O +H Anode + 0O co )
L toamel) Fuel + Steam + e —_— 2 + H20 + Power
Butanol Formic Adid

Anode + Q*
Anode
__Oxt‘gcnatts & C +H; __> H.0 + Power

Figure 12.4 Range of potential practical fuels for SOFCs.

Carhon
build-up

Figure 12.9  Possible reaction pathways in a directly reforming SOFC.
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Developed over 25 fully integrated SOFC power generating systems, including the world’s first
pressurized hybrid demonstration unit




Hexis HE |S

®* Example of continuous development

HEXIS: Comparison of Stack Generations
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Bloomenergy

Bloom B ox

® February 2010

100 kWe modules (,Energy

Savers’)

®* 8 years of R&D — 400 miIn $

Walmart COX FecEx
Express

ENTERPRISES



W il F ' ) .
artsila SOFC unit WARTSILA

Target of the W artsila fuelcell R&D program is to develop and
commercialize SOFC based power units for distributed power

generation and for marine auxiliary power

Biogas from landfills
waste water and farms
Hotels, malls, offices, industries

WARTSILA

T



W il F ' ) .
artsila SOFC unit WARTSIL A

Wartsila to deliver the world’s first SOFC fuel
cell power plant using landfill gas to the
Vaasa Housing Fair site
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Sulphide poisoning

®* Mostimportantissue is posioning by H_S
compounds, levels of ~1 ppm can degrade

fuel cell performance rapidly... (but often

r e V e r S | b Iy 2 Power Production against Time.
50— ! Nitrogen 18%
A “"‘“‘P‘ Aahadaa, s, i " Methane 56%
| | 4 n c L
200 \ ; [~ Carbon dioxide 26%
§ i | Hydrogen sulphide < 1%
E
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Fig. 4. Desulphurisation and air reforming of Cannock landfill gas.
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Perspectives

W artsila claims this technology wiill

become viable atthe end of the decade...

Potentialy many more producers will

advance

Potential of materials breakthrough

® Profits:

—Higher efficiencies, more electricity




Ourresearch

® Ceramic processing methods

—Fuelcells R&D

® Materials development and characterizatiol

® SOFC cells construction

— Fabrication of H2 fuelled SOFC

— so far initially tested cells fuelled by m,
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m The End...

* Any questions??

® Contact:
Sebastian Molin

sebastian.molin@ eti.pg.gda.pl
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