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SOFC generators: the «Magic Box»
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Record efficiency in KSA cooperation:.

A LHV* electrical efficiency of 69% was reached
at stack level. (>60% delivered AC).

o <
° :>15
e 3=)?7 @
3
2 )

\/ i dgou gSoll

KACST &,018i0q roglal) Saudi Aramco

soreﬁ_ S !
sSoLID DXIDE FUEL CELLS CQLE [\OLYTECHNH)LU'E
EDERALE DE LAUSANNE

$ 1%

#$ 1%

%7

& () *+ - [-101/ 1)2

_’_+9

% + -
L4 *
+9

/ e
+':

4 i -m( 15
T ) 1&; 75
,A/A/A/A _ -
+
/ M -+ 7
+7
-+ %
++ ++
+ 4+ ++6 + %+ + %6 +7+ +76 + + + 6 +'+ +'6

#

Test under methane steam reforming.
Degree of methane prereforming between 60% and 90%., steam-to-carbon ratio fixed at 2.

*LHV = Lower Heating Value




Water and CO, Separation with SOFC

SOFC can separate CO, (and water) with minimal impact on
efficiency or costs.
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= Baseline IGFC System:

» A Baseline System with Catalytic Gasifier was developed which could achieve
efficiency (HHV) of >55% and be able to remove greater than 98% carbon
from syngas.

» Baseline 560MW IGFC power plant layout and factory cost estimates were
developed resulting in a cost estimate of ~$400/kW (in 2002 dollars) for the
SOFC power island. 32=C2 > 8



Net Efficiency HHV
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Baseline SOFC Power Plant Efficiency vs.
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- Baseline coal based SOFC system is >18 percentage points more efficient than IGCCs
and Pulverized Coal (PC) Steam Turbine power plants.

References for Competing Technologies:

* Cost and Performance Baseline for Fossil Energy Plants, Volume 1 - Bituminous Coal and Natural Gas to Electricity, DOE/NETL-2007/1281, Revision 1, August 2007
** Pulverized Coal Oxycombustion Power Plants, Volume 1 - Bituminous Coal to Electricity, DOE/NETL-2007/1291, Final Report, August 2007
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N° Participant organization name Participant org. short | Country Type
name

1 HTceramix SA HTc Switzerland SME
accelopment AG ACCEL Switzerland SME

3 Commissariat a IEnergie Atomique CEA France RTD

4 Deutsches Zentrum ﬂreLlc‘t und Raumfahrt DLR Germany RTD

5 European Institute for Energy Research EIFER Germany RTD

6 EidgemSSiSC;‘;gﬂﬂfgggﬁ;‘:;gs' und EMPA Switzerland RTD

7 Flexitallic Flexitallic United Kingdom SME

8 HELION HELION France IND

9 HyGear B.V. HYG Netherlands SME

10 Hynergreen Technologies, S.A. HG Spain IND

11 Fundacion IMDEA Energia IMDEA Spain RTD

12 Joint Research Center JRC Belgium RTD

Risg National Laboratory for Sustainable
13 Energy, Technical University of Risoe-DTU Denmark RTD
Denmark
14 SOFCpower S.r.l. SP Italy SME
15 Topsoe Fuel Cell A.S. TOFC Denmark IND
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Alkaline electrolysis

600 ~ 700C

1
Total Energy ( DH)

Electrical energy ( DG)
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ITSE

900

Temperature (K)

Various heat sources
with specific caracteristics

Optimal coupling of
sources and device
for efficient hydrogen
production by ITSE

Heat required for high efficiency
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Company| Austrial Belgium'Denmark France |Germany|lreland| ital Lux | NL |[Slovenia] Spain| UK | Total
Baxi 140
Bosch 70
Ceres 180
DTP 15 150
Elcore ' 90
Hexis 20 | 110
RBZ 10 40
SOFCP 50
Vaillant 150
I Total 35 5 %0 95 160 145 20 130 15 25 244 | 980

- Ene.field partner - Enefield associate . Direct route D Under negotiation
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# Electricity prices / kWh
< Gas Prices/kWh

® EU average, €0.17
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NEDO Activities on Stationary Fuel Cell Systems Cnepo

Stationary FC J ‘ &\ 20"'100;.1 5"30%%022030}

I
1 Dissemination FuII Dissamination
M R&D stage | Introduction Stage | Stage St-i!gﬂ

Demonstration Stepwise Market g :
T ? -
Project Construction i : W

- R&D on V Further R&D for higher performance and :
FCand H, lnw cost i
Rewew uf 1
Bmilion yen /Unit I 3-3.5millan yen /Linit 1 0.5milion yen fUnit h
' arket size
Start Selling
#80,000< units/yr

<1000 units/yr Cost / unit

Large-scale Demonstration Intreduction stage Full commercialization

(Source: Presentation by Japanese government agency NEDO — March 2011)




Micro-CHP as an
integral
component of the
UK’s energy
strategy

A strategy and policy roadmap

A Report by IDS Associates, on behalf of:

Energetix CeresPower :
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Drawing on existing analysis as well as information contributed by participating
micro-CHP developers, this report sets out a policy roadmap that could drive
the installation of more than 1 million installations by 2020. The key elements
of this roadmap are:

Raising the feed in tariff for micro-CHP to at least
15p/kWh and abolishing the cap of 30,000 units in
2012

Allowing the gradual volume-based degression of

the tariff to ensure cost control

Changing the Building Regulations to establish an
emissions performance standard for new heating
units

Eventually, removing the need for financial

support for low carbon heating
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The total cost reduction from the deployment of 1 million micro-CHP units by 2020 is
estimated to be at least £176 million per annum, or at least 6.2p/kWh (see Appendix,

etail concerning this cost reduction calculation)™.

Graph 5: Breakdown of avoided costs as a result of the significant rollout of micro-CHP

Distribution of avoided costs from
the deployment of micro-CHP

® Reduced transmission and
distribution losses

® Reduced generating
capacity costs

© Avoided energy costs

B Avoided emissions costs

(Source; SIAM, 2004)
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ERegioneEmilia-Romagna

BOLLETTINO UFFICIALE

DIREZIONE E REDAZIONE PRESSO LA PRESIDENZA DELLA REGIONE - VIALE ALDO MORO 52 - BOLOGNA

Parte seconda - N. 109

Anno 42 6 ottobre 2011‘ N. 151

22) Per tutte le categorie di edifici, cosi come classificati in base alla destinazione d'uso all’articolo
3 del decreto del Presidente della Repubblica 26 agosto 1993, n.412, nel caso di edifici di nuova
costruzione o di edifici sottoposti a ristrutturazioni rilevanti, & fatto obbligo in sede progettuale di
prevedere |'utilizzo delle fonti rinnovabili a copertura di quota parte dei consumi di energia elettrica
dell'edificio.

A tale fine & obbligatoria I'installazione sopra o all'interno dell'edificio o nelle relative pertinenze di
impianti per la produzione di energia elettrica alimentati da fonti rinnovabili, asserviti agli utilizzi

Gli obblighi di cui al presente punto si intendono soddisfatti anche:

i. con linstallazione nell'edificio o nel complesso edilizio di unita di micro o piccola cogenerazione
ad alto rendimento in grado di coprire quote equivalenti in potenza elettrica di impianti alimentati
da fonti rinnovabili, aventi caratteristiche conformi a quanto specificato in Allegato 15;

32=C2! > 79
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Realizing cost targets:
from Prototype to the Mass Product

+)?;))
SEENON

J;+G))I

L +0+++
3=)? %&/

L 760+++ )
[l
1 1 . <|%
: : LTS N L 7+0-+2
I v/ \\ /”
| 1/ \ R
Lol ' -~

! /’ 0, T
: : \\N-_‘;$$<~~ .
L S ..allyou need is..
1 : \\\L%+O+++
T N . NNy volume order
1 1 — ! !
i ] . 100 MW
L@ - e

CONFIDENTIAL

7++++ / ,



G Q 3=

o $ Q /
— IG . 6+, 37
— ) ) %P&YK

e 1 /. 375

- [ ) .Y !
1 76+ & 50
— M6+ . b++



O+++ L: &
6++ L;
Q@ > 7+0+++
> %+
$ ) ++6 L; &




[ 1

+ 0o

+ %'

+%7

+ %+

++9

+ +*

H=
m 3N
E3N @
| Y

32=C2! >




Y%o+++

—++ -
O++ -
8++ -
4+ o
6++ -

L%
"+ -
++ -
7++ -
+ -
!
=/ !
5
& , 1 &
K 6 6, -68 |
41 1<t (=3 7'6 6+, ]
-> ?2@> )+
[ T< (=3 5 76 -+, 32= J8T §
- > <> S+

787

2/ $ 13=52/ $ 13=

5



O+++ L; & + o+
! 6++ L, +76
@ > 740+ ++ + 74 . ——3)? 1825
> %+ + %6 —
! +%+ /‘»:/
$ ) ++6L;& ++6/ J) .
"G T 1= + ++ : : | e 3=)? 1%$25
T )")’I- — %0+++ O+++ 60+++ 80+++® 3=)? 15
Xl - I
+76 +76
+ 7+ e —$2
o0 x_ —$2 + %6 //
1 o \:\\\ — ! +%+—#—L
+ %+ . +46 J) .
++6 e 3=)? +++ I | | | | . ° 3=)7?
‘s ' + +4% ++7 ++ ++ ++46 ++* e 3=)? 15
' ' ' e 3=)? 15 _
%+0+++ 7+0+++ +0+++ "+O+++ <t I=
=910
32=C2! > (i




32=C2! >

‘%






