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About the SOFC technology

Energy production and transport based on fossil fuel are among the largest contributors
to greenhouse gas emissions. Solid Oxide Fuel Cells (SOFC) offer a great potential for
making power generation more efficient and creating environmental benefits.

Advantages of the SOFC technology Environmental /s  ocietal benefit
Very clean emissions, mainly water Less pollution
Very high electrical efficiency Energy savings

Smaller carbon footprint

Variety of fuels, both fossil and renewable | Existing fuel infrastructure can be used
Use of renewable energy is enabled

Potential to decrease cost considerably Cost of carbon reduction is low

SOFC achieves high efficiency and clean emissions, because the fuel is transformed
into electricity via a direct process without burning the fuel. Traditionally electrical power
is generated from coal, natural gas or other fuels by burning the fuel in a first process
step. Then, the heat is used to drive a turbine or another machine, which drives a gen-
erator, which in the end produces the actual electricity. This thermal process has a typi-
cal efficiency of around 30%, meaning that only 30% of the chemical energy that was
contained in the fuel will actually be transformed into electrical energy.

In an SOFC the fuel is split up in an electrochemical reaction which causes a much
smaller loss in the process. The SOFC process can achieve an electrical efficiency of
60% and higher, doubling the amount of electrical energy that can be generated from
the same amount of fuel.
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The principle of the fuel cell has been discovered already in 1839 by the British physi-
cist William Grove. Today many different fuel cell technologies have been developed for
a large variety of applications. However, fuel cells have not yet achieved a major break-
through in power generation due to technical issues and most of all high cost.

For more than twenty years the SOFC technology has presented many challenges due
to the high operating temperature of more than 800°C. Many of these challenges have
been overcome by new materials, manufacturing processes and design solutions. This
technology is now ready for commercialization. The DEMO SOFC project has been a

major milestone on the path to deployment of the SOFC technology.

The SOFC technology is an innovative solution for a large variety of situations where
electrical power is needed.

Auxiliary Power Units
(APU)

Micro Combined Heat
and Power
(m-CHP)

Distributed Generation
DG

Efficient, clean and silent
power generation aboard a
vehicle, for example
Long haul trucks
Cargo cooling
Special vehicles

Efficient, clean and si-
lent power generation in
private homes based on
Natural Gas
Biogas
LPG

Efficient, clean and silent
power generation for
- Commercial building
Residential buildings
Remote locations
Marine

Objectives and Activities

While the technology was under development SOFC fuel cells and stacks have been
produced in small laboratory scale in a purely manual process and at very high cost.
The objective of the DEMO SOFC project is to improve this situation.

The project has two main activities:
Establishing a pre-commercial manufacturing facility for SOFC
Demonstrating the quality of the products of the facility
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The pre-orhmercial manufaturng facility for SOFC

The benefit from the facility is a radical reduction of manufacturing cost as well as a
much higher manufacturing capacity of cells and stacks. In concrete terms the facility
has a design capacity of 5 MW of cells and stacks per year (equal to 150.000 cells or
2000 stacks) and offers the potential to decrease the manufacturing cost to below 4000
EUR/KW. A considerable effort in process development as well as in automation of the
processes was required in order to scale up from laboratory production.

The DEMO SOFC unit in the Wartsila Ioratory in Es  poo, Finland (2010)
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The quality of the SOFC products coming from the new facility is demonstrated in an
actual power generation unit with an electrical output of 50kW. The design, build and
operation of the unit generate valuable knowledge regarding the power system around
the SOFC stacks. Already at this prototype stage the demonstrated net electrical effi-
ciency of SOFC systems of above 46% (natural gas) and 42% (biogas) sets a new
benchmark for efficiency in this power class.

The above activities are sidelined by efforts to explore and stimulate the future market
for power generation systems based on the SOFC technology. Altogether, the package
of the DEMO SOFC project is a major step on the path to the large scale deployment of
the SOFC technology.

Manufacturing facility (Topsoe Fuel Cell A/S)

The construction work on the buildings of the Topsoe Fuel Cell facility started in 2007 -
preceded by a planning phase during 2006. The work on the buildings was completed
after about one year. Then, the installation of the manufacturing equipment started. The
entire facility was officially inaugurated on April 28", 2009, by the Danish Minister for
Economic and Business Affairs.

The manufacturing facility consists of two building of which one is dedicated to cell
manufacturing (Building 64, new structure) and the other building houses the stack as-
sembly and workshops (Building 62, renovated).

The facility is very unique because it houses all the processes and equipment that are
necessary to make a working SOFC stack beginning from the ceramic slurry. For the
cell manufacturing the most relevant process steps are tape casting, spraying and sin-
tering. This capability at the capacity of 5SMW annually can only be matched by very

few, if any, facilities worldwide.

Tape casting Spraying Sintering
Anode support Anode/Cathode/Electrolyte | Half cell / finished cell
The mechanical backbone | The active layers are ap- The microstructure of the
of the SOFC is made. plied on the support. ceramic materials is formed
Thickness approx. 250 m Thickness10 m—-30 m Temp. 1.100C - 1.300C
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The sintering ovens at TOFC (building 64)
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Demo unit (Wartsila Fuel Cell)

An SOFC system with an electrical power output of 50kW was designed and con-
structed by Wartsila within the DEMO SOFC project. Previously, Wartsila has already
successfully demonstrated several units in the 20kW power class, both in marine as
well as stationary applications. This unit has increased the maximum electrical power of
a planar SOFC demonstration to a new class.

The unit was designed in modules for good serviceability and easy assembly. The con-
struction of the modules started in March 2009 and the unit was fully assembled by May
2010.

red Stack modules
orange Thermal Component module
green  Middle module (Anode recycling)
blue Cold Air module

yellow Instrument module

Socio-economic benefits of SOFC

Additional efforts in this project were made in order to quantify the large socio-economic
benefits of the SOFC technology. One very good example is the cost of carbon reduc-
tion. Comparing different technologies it was concluded that SOFC offers a very attrac-
tive cost-benefit ratio for carbon reduction. Furthermore, while other technologies with
an attractive cost may require large, centralized installations, SOFC can be installed in
decentralized units as small as for one single house.

Technology Cost [€E/t CO 5]
Combined Heat and Power — SOFC 40...130
Combined Heat and Power — Gas engine 160...370
Wind (unbuffered/buffered)* 48/116
Heatpump (single family home)* 1.694
PV* 908

* Source: BWK, 5/2009. All other values calculated in DEMO SOFC

SOFC matches extremely well with the requirements of Combined Heat and Power
Systems (CHP) because it offers the most attractive power-to-heat ratio of all available
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technologies. As a consequence, CHP-systems that are typically governed by the heat
demand of the building can either achieve a much longer operation time over the year
or be designed for more electrical power. In each case, CHP-systems based on SOFC

have the potential to make a much more relevant contribution to the total energy system
of a community.

Hence, the SOFC technology is an excellent means to support to the implementation of
EU directive 2004/8/EC (Cogeneration directive).

What is next?

Wartsila has continued the development of a 50kW planar SOFC system beyond this
project. During 2010, a second generation 50kW unit has been developed. The unit is
based on an entirely new platform which is designed for lower cost and even better ser-
viceability. It will have the capability to run on either natural gas or biogas.
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For Topsoe Fuel Cell, the pre-commercial facility will be the venue for a further devel-
opment of cost effective methods for the production of SOFC. Based on the gained
knowledge and experience a plan for a commercial manufacturing facility with a capac-
ity of L00MW or even larger and a further cost reduction by a factor of 5 to 10 is in the
making.

Together, Wartsila and TOFC have set up a joint development and marketing plan tar-
geting a demonstration market of 50kW SOFC-based power systems starting 2012.

Partners, DEMO SOFC

Topsoe Fuel Cell A/S is dedicated to development, manufacturing and marketing of
SOFC fuel cells (Solid Oxide Fuel Cell). The company is a wholly owned subsidiary of
Haldor Topsge A/S . SOFC is a potential breakthrough technology for low cost, clean
and highly efficient production of electricity and heat.

Topsoe Fuel Cell, one of the major European SOFC players, employs a committed
group of experts with a strong know-how in fuel cells, in total representing more than
100 man years of accumulated experience. The company has an extensive network in
the industry and collaborates with major European and American research institutions
as well as private companies.

Please visit www.topsoefuelcell.com or contact Mr. Helge Holm-Larsen, hhi@topsoe.dk

Wartsila enhances the business of its customers by providing them with complete life-
cycle power solutions. When creating better and environmentally compatible technolo-
gies, Wartsila focuses on the marine and energy markets with products and solutions as
well as services. Through innovative products and services, Wartsila sets out to be the
most valued business partner of all its customers. This is achieved by the dedication of
more than 13,000 professionals manning 130 Wartsila locations in close to 70 countries
around the world.

Please visit www.wartsila.com or contact Mr. Erkko Fontell, erkko.fontell@wartsila.com
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