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* Topsoe Fuel Cell in brief

* The Changing Environment for CHP
 The CHP-market today

* The business case for a 20kW SOFC-unit
* The business case for a 250kW SOFC-unit
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TORSOE FUEL CELL »""

RETHINKING ENERGY

Topsoe Fuel Cell

 Founded in 2004
e 120 employees
» Located in Denmark, Copenhagen area

* Development, manufacturing and marketing
of the Solid-Oxide Fuel Cell technology

e Subsidiary of Haldor Topsge A/S (100%)

From catalysts 10 fuel cglts
_ committed to clean energy solutions

daing Dr. Haldor Topsee
scinowidgng 1.1

fion
« 65 years of strateglc innoual
« Pipneer in the development of tuel gc.:lls
« Development of proprietary cataly
and catalytic technologies

Dr. Haldor Topsge, the founder
of Topsoe Fuel Cell, received
the Grove medal in 2007.
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Manufacturing Facility

Full manufacturing capability for cells and stacks
Capacity 5 MW per year
Pre-commercial facility

Supported by funding under the
LIFE Programme
of the European Union
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Demonstration Projects

20 kw
10 kW
artsj. WFC?O (SOUrc Next y
Q- Wérts,/é)
50 kW

H.C. Orsted Vaerket D D N G New Energy Plant, Vaasa, Finland
Copenhagen, DK  energy METHAPU, Wallenius Wilhelmsen

Large SOFC

Demo SOFC
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Topsoe PowerCore ™

* Product specification
e SOFC stack / stack module
 Thermal insulation
 Pre-reformer
» Heat exchanger (HT)
o Afterburner
» Advantages
« Easy to integrate
* Interface T max. 350C
e Scaleable unit

Topsoe PowerCore, 1 kW, natural gas, m-CHP

Grove, London, 23-Sep-09 ANBR, HHL / page 6



The Changing Environment

 What are possible elements of change?

Electricity demand — rising

Heat demand — falling
Building design  —— evolving
Technologies — maturing
Incentives — disappearing
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The Changing Environment - Electricity

EU15 - Electricity Generation by Source
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The Changing Environment - Heat

Annual specific heat consumption
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Annual specific heat demand of large residential buildings (> 11 appartments)

Source: IS| Fraunhofer, 2004
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The Market for Combined Heat and Power

Number of units
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The Market for Combined Heat and Power
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The 20 kW Case

o Example CHP-unit
o 20 KW electrical power
* |C-engine based
e 4-cyl. 2.200 ccm
* Price 48.000 €

Source: Giese Energietechnik

(*) Example data for comparison only. This is not actual product data.
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The 20 kW Case Data

Economic simulation from end-customer point-of-view
e Scenario:

» Residential buildings with 20-50 appartments
 Building “standard” / building “modern”

3.000 kWh 150 kWh/m? 3.500 kWh 75 kWh/m?
60.000 300.000 70.000 150.000
90.000 450.000 105.000 225.000
120.000 600.000 120.000 300.000
150.000 750.000 150.000 375.000
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The 20 kW Case "standard”

e The CHP-unit is dimensioned according to the heat demand
« Example: 40 appartments

Annual load line and dimensioning of CHP
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The 20 kW Case "standard”

« An SOFC-unit achieves much longer operation time over the year

e 5.000 hours is considered a minimum economic operation time for a CHP-plant
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The 20 kW Case "standard”

» The profitability of the IC-unit is borderline. Without incentives the IC-unit loses money.

 The SOFC-unit generates a positive income over the entire range.

Annual income from CHP [€]

Comparison net/boiler with CHP-IC and CHP-SOFC
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B Scenario 1a: CHP-IC (with incentives) B Scenario 2a: CHP-SOFC (with incentives)

Assuming
German CHP-
incentive
scheme 2009
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The 20 kW Case "modern”

e Operation time decreases
* SOFC-system maintains 5.000+ hours

hours

Use system < 20kW
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The 20 kW Case "tomorrow”

» Elements of change:

» Declining cost of SOFC

* Increase of gas and power price (6% annually*)
« Example 40 appartments

12.280 € 9.470 €

2.700 18.250 € 15.211 €
2.000 22.940 € 19.730 €
2.000 10.270 € 9.550 €

(*) Average increase 1997-2008 was 7% annually.
(**) Without incentives.
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The Business Case — 250 kW

* A biogas plant is typically running continuously.
* An IC-plant running on biogas has high maintenance requirements

8.760 hrs/year 8.760 hrs/year
Oil changes, overhauls Catalyst change
7.800 hrs/year 8.400 hrs/year

38 % 50 %

90 % 90 %
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The Business Case — 250 kW

« SOFC-properties improve business case — but not dramatically
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Conclusion

e« CHP business case 20 kW becomes much more stable
 CHP business case 250 kW needs additional elements
 Enable renewable energies
* Local biogas grids
 Combination of SOFC and Solid-Oxide Electrolysis
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Thank you for your attention!

Andreas B. Richter

Business Development Manager
Phone +45-45278469

Mobile +45-41988398

Email anbr@topsoe.dk
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