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Prologue

Tekes launched the five-year Densy Programme on distributed energy systems at
the beginning of 2003. The main goals of the programme were to create new
knowledge and understanding in the area of distributed energy technology and to
enable new business and export possibilities for Finnish enterprises.

At the starting phase of the programme, extensive studies on future business po-
tential and markets of distributed energy technologies showed remarkable
growth and good business opportunities for Finnish enterprises in international
markets.

There was a common understanding that the business will grow remarkably in
the coming years, especially in Central and East European countries. On the
other hand, a large number of Finnish companies were already active in this busi-
ness area, some of them as technology leaders in their area. Based on this as well
as on the studies made by consultants, the programme launching decision was
made. The goals set by Tekes were highly focused on business and exports. Nu-
merical goals were set for the year 2010.

At the starting point, the industrial basis in the field was strong, but comprised of
only a few big enterprises. The participation of small companies was considered
very important with regard to the development of this field in the future. The par-
ticipation of industrial enterprises was very intensive from the beginning.

The work in the programme was divided into six areas: new business models and
concepts, system solutions, integration, industrial manufacturing, use of infor-
mation technology and model systems.

In total, over one hundred projects (exactly 123) were carried out during this five
year programme, 57 being research institute projects and 66 enterprise projects.
Many of the research projects were on-going, continuing over several years. This
explains the high number of projects.

The total programme budget amounted to € 56,7 million, the share of enterprise
projects being € 38,0 million and that of research institute projects € 18,6 million.
Tekes funded the programme in total by € 31,7 million, the rest being financing
from enterprises and public institutes.



In this final report, research projects and their main results are presented. In addi-
tion, there is an extensive number of enterprise cases presented in the report high-
lighting the success of the programme. For more detailed information on the re-
sults and programme’s impact on markets and business, Tekes has ordered a sep-
arate evaluation of the programme which will be ready and presented in public in
the spring of 2008. Hence more detailed analysis on the impact of Densy
programme will be given in the evaluation report.

Generally speaking, the programme has significantly improved collaboration
and networking of distributed energy system research, both between research in-
stitutes and enterprises.

Simultaneously, the level of research has risen, the research institutions have
reached the international level and they are increasingly participating in interna-
tional projects especially within EU. One success factor here is Densy’s close co-
operation with other EU countries in the framework of the IRED Coordinated
Action (Integration of Renewable Energy Sources and Distributed Generation
into the European Electricity Grid).

The infrastructure of research in the field has been improved by significant in-
vestments in the equipment e. g. in building the pilot electricity grid (“Multi-
power”) to enable testing of new distributed technologies in simulated real life
conditions. This will be highly valuable and useful for Finnish researchers and
enterprises in the future.

With regard to the main target of the programme, creating business and export
opportunities, there are no exact values available at the time of writing. However,
if we look at the figures of the whole energy technology and the export, the
growth has been remarkable since the 1990’s, reaching a new record value last
year with almost four billion euros. Even though this doesn’t account totally for
the Densy programme, but a large share of it consists of the exports by the compa-
nies with a notable role in the programme.

Finally, Tekes wishes to thank all the participants in the programme: enterprises,
research institutes and other interest groups and individuals for their constructive
and fruitful attitude and co-operation. Special thanks are due to Mr. Jonas Wolff,
programme coordinator, and the steering group of the programme for the suc-
cessful realisation of the programme.

October 2007

Finnish Funding Agency for Technology and Innovation



Conclusions and Recommendations

Distributed energy systems today

It was noted in the steering committee that during
the time span of the project, distributed energy
has not reach break through in Finland. This is
perhaps not even foreseeable or even advisable in
a research and development programme, al-
though it aims at fast lead times to market. How-
ever, it was felt that some significant advance-
ment should be seen also on a short term, if the
very ambitious targets on medium terms should
be met.

Further, it was noted that only a few companies
have been able to reach for global business and
significantly improve their position, although
there are also some success stories to be noted. A
significant problem for small companies looking
for international markets is that the domestic
market does not prove enough support in ade-
quately demonstrating their products and stabi-
lizing their product development. This is espe-
cially true for system providers and consequently
Finnish companies tend to look for a role as com-
ponent or add-on service providers. “Born
Global” –concepts are difficult to carry out in
heavy industries.

Some recent changes in legislation, most notably
the law on grid access for local small-scale pro-
duction, putting a cap on costs for grid connec-
tion and transmission of production upwards in
the distribution network, will provide some ease.
Further, the goals set by the European Union re-
lated to the climate strategies also express an in-
terest in especially renewable energy production.
There is also a general understanding that energy
prices will continue to rise, whereas developing
technology and markets will make distributed

generation cheaper. Therefore general feeling
that there is a business case for small-scale envi-
ronmentally friendly production is maintained.

The market estimates presented in 2003 have not
been evaluated but although domestic markets
have not significantly advanced global markets
have indeed grown. I.e. the market for wind tur-
bines has double from 2003 to 2006 and will re-
peat that manoeuvre in the coming four years, in-
dicating that also everyone in the supply chain
has to more than double capacity to increase mar-
ket shares. The market opportunities can also be
seen on the NordEl market, were most of the new
capacity in the past ten years are either wind en-
ergy or CHP.

Recommendations

The steering group noted that the big challenges
for the future is to commercialize new products
on an international market, in a situation where
the domestic market is as well small as slowly de-
veloping. It would be important to identify instru-
ments that enable the industry to test their prod-
ucts and get real customer response in a close
market so that correcting measures can be taken.
Too little emphasis has been put on getting real
customer demands from new market areas and
especially to get that information down to prod-
uct development. Albeit that the markets for re-
newable energy still are largely policy-driven.

There has been an interest to see more large-scale
testing and demonstration of new technology, es-
pecially regarding system aspects. I.e. in ICT,
much of the technology needed is available or
will be, if there is a demand. Therefore there are
nut much effort on R&D but the impact of a good



and visible demonstration, showing what can be
achieved with new ICT, would be significant. As
more effort is put on developing new business
models and business development is as big a chal-
lenge as technology development, there is need to
be able to test and prove the feasibility of business
models, as new technology is proven and tested.
There would be clear benefits from testing busi-

ness models by piloting them in companies.
Therefore, there is reason focus on how business
models in general are implemented in practical
“piloting” cases– the steps, tasks, gates and mile-
stones, and develop methodologies and instru-
ments that could be implemented in technology
programmes in general.



List of Contents

Prologue

Conclusions and recommendations

1 DENSY in brief. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

2 Electric systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.2 List of projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.3 Funding and co-operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2.4 Energy network analyses and management. . . . . . . . . . . . . . . . . . 9
2.4.1 Active network management. . . . . . . . . . . . . . . . . . . . . . . . 9
2.4.2 Protection co-ordination . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.4.3 Island operation of DG units . . . . . . . . . . . . . . . . . . . . . . . 13
2.4.4 Measurement services . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.5 Network connection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.5.1 Permanent magnet generators directly connected to grid . . 14
2.5.2 Parameter design and prototype generators. . . . . . . . . . . . 17

2.6 Inverters and converters in network connection. . . . . . . . . . . . . . 21
2.6.1 Frequency converter in the control of a small-scale
hydropower plant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

2.7 Power system impacts of wind power – IEA collaboration . . . . . . 24
2.7.1 Task 21 Dynamic models of wind farms for power

system studies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
2.7.2 Task 24 Integrating wind and hydro power systems . . . . . . 25
2.7.3 Task 25 Design and operation of power systems with

large amounts of wind power . . . . . . . . . . . . . . . . . . . . . . 26

2.8 Energy storage applications in distributed power system
management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
2.8.1 Energy storages to support wind power and

weak networks management. . . . . . . . . . . . . . . . . . . . . . . 28
2.8.2 Energy storages and power quality station. . . . . . . . . . . . . 30
2.8.3 Energy storages in direct current distribution systems. . . . . 33
2.8.4 Supercapacitors, SUPER . . . . . . . . . . . . . . . . . . . . . . . . . 35

2.9 Simulation and laboratory facilities . . . . . . . . . . . . . . . . . . . . . . . 37
2.9.1 Development environment for distributed generation.

Research platform MULTIPOWER . . . . . . . . . . . . . . . . . . . 37
2.9.2 Simulation environment . . . . . . . . . . . . . . . . . . . . . . . . . . 38
2.9.3 Integration of real-time simulation environments

RTDS and dSPACE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40



3 Heating, cooling and cogeneration systems . . . . . . . . . . . . . . . . . . 47

3.1 List of projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

3.2 Integrated heating and cooling systems for sport halls. . . . . . . . . 50
3.2.1 Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
3.2.2 Model for skiing pipe sport centre . . . . . . . . . . . . . . . . . . . 51
3.2.3 Model for snow pipeline system in skiing pipe . . . . . . . . . . 51
3.2.4 Integration of DC and DH . . . . . . . . . . . . . . . . . . . . . . . . . 52

3.3 Design and operation of integrated cooling and heating
systems in regions and buildings . . . . . . . . . . . . . . . . . . . . . . . . 53
3.3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
3.3.2 Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
3.3.3 Implemented research work . . . . . . . . . . . . . . . . . . . . . . . 54
3.3.4 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
3.3.5 Use of results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

3.4 Technical and economical conditions for the DH heat supply
at the delivery boundary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
3.4.1 Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
3.4.2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
3.4.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

3.5 Technical features for heat trade in distributed energy
generation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
3.5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
3.5.2 Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
3.5.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

3.6 Energy Logistics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
3.6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
3.6.2 Focus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
3.6.3 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

3.7 DO2DES – Design of Optimal Distributed Energy Systems . . . . . . 60
3.7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
3.7.2 Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
3.7.3 Modelling DES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
3.7.4 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
3.7.5 Use of results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

3.8 Development of biomass-based micro-CHP concepts . . . . . . . . 63
3.8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
3.8.2 Description of the µCHP research projects in DENSY . . . . . 65
3.8.3 Main results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
3.8.4 State of the µCHP plant . . . . . . . . . . . . . . . . . . . . . . . . . . 68
3.8.5 Future aspects of Stirling- engine-based biomass

fired µCHP plants. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

3.9 Waste-to-energy – a modular CHP plant utilizing municipal
waste streams in distributed energy generation . . . . . . . . . . . . . . 68
3.9.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
3.9.2 Objectives and scope of the study . . . . . . . . . . . . . . . . . . 69



4 Fuel cell and hydrogen systems. . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

4.2 List of projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

4.3 Distributed modular hydrogen systems, “THETA”. . . . . . . . . . . . . 79
4.3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
4.3.2 Project results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
4.3.3 Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

4.4 Analysis and optimization of heat exchangers for fuel cells . . . . . 84
4.4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
4.4.2 Work undertaken . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
4.4.3 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
4.4.4 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

4.5 Development of a 1 KW power pack concept
(POWERPEMFC) 2004–2006 . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
4.5.1 Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
4.5.2 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
4.5.3 Networking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

4.6 The national SOFC project FINSOFC . . . . . . . . . . . . . . . . . . . . . 94
4.6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
4.6.2 Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
4.6.3 System modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
4.6.4 Examples of results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
4.6.5 Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

5 ICT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

5.1 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

5.2 List of projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

5.3 Automation and data communication for small heating
centrals. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

5.4 Management of local energy resources in distributed
energy systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

5.5 TCP/IP-architecture in control of distributed generation . . . . . . . 107

6 Manufacturing technology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

6.1 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

6.2 List of projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

7 Business models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

7.1 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

7.2 List of projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114

7.3 Future business opportunities in the field of distributed
energy systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
7.3.1 The future business development and potential markets . . 114
7.3.2 The technology potential for the business and the future

scenarios . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
7.3.3 The main findings and future challenges . . . . . . . . . . . . . 117



7.4 Business potential in the field of distributed energy generation . . 118
7.4.1 Business challenges and models . . . . . . . . . . . . . . . . . . . 119
7.4.2 The main findings and future challenges . . . . . . . . . . . . . 119

7.5 Business opportunities in the intersections of industries. . . . . . . 121
7.5.1 Potential business areas and ideas . . . . . . . . . . . . . . . . . 123
7.5.2 The main findings and future challenges . . . . . . . . . . . . . 124

7.6 Russian Business environment and business challenges . . . . . . 125
7.6.1 Business challenges for the companies in Russian

markets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
7.6.2 The main findings and future challenges . . . . . . . . . . . . . 126

7.7 Present and future business applications and challenges
in the field of distributed energy generation . . . . . . . . . . . . . . . . 126
7.7.1 Integrated solutions for distributed energy sector . . . . . . . 126
7.7.2 Integrated solutions and their potentiality in business . . . . 128
7.7.3 Practical applications of the results . . . . . . . . . . . . . . . . . 129

7.8 Value chain life cycle in the energy production by Bio Gas . . . . . 129
7.8.1 Analysis and Value creation through applications . . . . . . . 133
7.8.2 The main findings and future challenges . . . . . . . . . . . . . 134

7.9 Eco-effective society and economic energy production
solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
7.9.1 New business concepts and economic solutions . . . . . . . 139
7.9.2 The main findings and future challenges . . . . . . . . . . . . . 139

7.10 Eco-efficient housing and housing area . . . . . . . . . . . . . . . . . . . 139
7.10.1 Model solutions for eco-efficient housing . . . . . . . . . . . . 139
7.10.2 Decentralized energy systems for housing areas . . . . . . . 141
7.10.3 Business opportunities . . . . . . . . . . . . . . . . . . . . . . . . . 142

7.11 EHJ Concepts of distributed CHP. . . . . . . . . . . . . . . . . . . . . . . 143
7.11.1 New business solutions for and through EMS of

distributed CHP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144
7.11.2 The main findings and future challenges. . . . . . . . . . . . . 145

7.12 Conclusion – the future needs and opportunities . . . . . . . . . . . . 145

Company projects
The Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
Wärtsilä Biopower . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
Savonia Power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
Condens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
Greenvironment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
Wärtsilä fuel cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
Netcontrol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
Technology Centre Merinova . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
Partnering in the UK   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

APPENDIX A Projektit ja yhteystiedot . . . . . . . . . . . . . . . . . . . . . . . . . . 149

Tekes Technology Programme Reports . . . . . . . . . . . . . . . . . . . . . . . . 156



1 DENSY in brief

The technology programme for Distributed En-
ergy Systems (DENSY) started back in 2003 with
the ambition to strengthen the Finnish energy
technology industry in a bid to take it global. The
programme has focused on developing new tech-
nologies and business solutions by accelerating
academic research projects and private research
and development. The programme has exceeded
its original funding target of 46 million euros and
will reach 57 million euros, supporting in total
123 individual development projects. Tekes cov-
ers about half of the total funding with the other
half covered by participating companies and
other organisations.

In the DENSY-programme distributed energy
systems have been defined as ”Local, small sized
systems for energy conversion, production and
storage as well as related services”. This has
been an inclusive definition covering any energy
production unit located in the distribution net-
work as well as production of power, heat or cold
and especially renewable energy sources. Inde-
pendent or grid-connected and even mobile solu-
tions have been accepted.

Motivation

The motivation for starting the programme was
the general understanding that global markets for
distributed generation were growing, and grow-
ing faster than other energy markets. This transi-
tion was not seen as a revolutionary system
change, but more as a gradual introduction of new
technology operating aside or within a traditional
or existing energy system.

In addition, it was recognised that there already
was a lot of know-how of the field in Finland, in-
cluding system technology and automation, dis-
tributed generation, information systems, substa-
tions and remote control, generators and gears,

CHP and power from bioenergy. It was seen that
the domestic energy technology industry had its
core strengths in intelligent and integrated solu-
tions, smalll-scale applications and renewable
energy technology and that the sector would ben-
efit from a global market growth. In new services
like remote-controlling and condition monitoring
of power plants, the follow-up of energy technol-
ogy and communication in electricity trading
ICT has a central role. Plus many successful
Finnish products can be found in energy produc-
tion, transmission, and distribution, as well as in
end-use technologies. The product range covers
advanced automation and ICT to large diesel en-
gines, fluidised-bed combustion and more gener-
ally in combustion technology, components and
generators of wind turbines as well as frequency
converters.

There are a number of global trends that favour
distributed generation. Most notably, the opening
of energy markets and the importance of energy
security and environmental values have led to a
growing demand for renewable energy sources
and combined heat and power (CHP). Distributed
energy systems have low investment costs and the
growing markets for energy trading give new op-
tions to run independent power plants. Independ-
ency from power and/or heating networks brings
better security of supply and reduces the custom-
ers’ costs of transmission. There are further com-
mercial opportunities in developing modular sys-
tems and mass-production techniques giving the
benefits of real industrial production.

Prior to launching the program, Tekes ordered a
market study that was carried out by Frost&
Sullivan (Frost&Sullivan 2003).The market vol-
ume in countries close to Finland was estimated
to reach 11 billion euros in 2007 and the total
global market volume even 53 billion euros in
2010.
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Objectives and focal areas

The main objectives of the programme have been
to assist this niche Finnish industry, especially
SMEs in developing products and services for
global markets, to increase global awareness of
Finnish technology, to build a world-class inno-
vative environment, and to produce commercial
products for several niche markets by 2010.

Given the inclusive definition of the programme,
and the broad scope, the programme’s focal areas
were chosen to be broad cross-cutting issues, as
illustrated in the figure below. However, there
was a motivation to establish topical research net-
works of and the research projects were accord-
ingly grouped into: Electric systems, Heating
systems, CHP, Business models, Industrial man-
ufacturing and ICT. In addition, Fuel cell re-
search targeted at energy production and energy
system integration was included in the pro-
gramme from 2004 until eventually in 2007 a new
Fuel cell technology programme was launched.
The results from the 57 research projects are re-
ported here under these headlines.

Information and communication technology is
increasingly being used in the energy sector and
is still instrumental in enabling cost-effective dis-
tributed energy generation. The list of new prod-
ucts developed includes remote control and oper-
ation; and optimisation and energy management
of dispersed CHP-units. Improvements in manu-
facturing are still needed in order to get the cost-
efficiencies and economy-of-scale effects for
small production facilities right. And lean manu-
facturing and modular design, especially in the
bioenergy sector, is the key to drive this develop-
ment. Likewise, dedicated business models, e.g.
combining the earning logics of the various prod-
uct streams polygeneration or biogas solutions
are being developed. Although the programme
has been heavy on technological development,
well-timed testing and successful demonstrations
are needed for commercialisation. Several new
products are emerging from the programme and
will find their way directly to customers or to a
demonstration market within a few years.
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Research co-operation

Eleven research institutes have accounted for 57
of the programme’s projects totally an investment
of 19 million euros. More than 140 different com-
panies are co-funding this research. Industrial de-
velopment, comprising of product development,
improving production capabilities, knowledge
development and business development, is car-
ried out through the other 66 projects in the
programme with a total investment of over38 mil-
lion euros. This work is either carried out by the
industry themselves or subcontracted to a re-
search organisation.

Electrical systems

At the very core of the DENSY programme has
been the development of products and solutions
for the integration of distributed energy genera-
tion to various energy systems; i.e. integration to
the electrical grid, to the district heating networks
and to the endusers on-site systems. Grid integra-
tion research has been pooled in a joint project,
where the leading institutes have assessed the is-
sue both from the producers’and the network op-
erators’point of view, building planning tools and
models accordingly. Research of electric systems
of distributed generation has covered two princi-
pal areas. Firstly, the influence of distributed gen-
eration on the electricity network and on the net-
work operation has been studied in more than ten
projects. Secondly, the devices and systems used
in the distributed generation have been developed
in less than ten research projects. In addition to
public research, more than ten projects of compa-
nies were followed through to develop new de-
vices and systems.

“Flexible interconnection” is a new idea for con-
nection of intermittent distributed generation into
distribution network thet utilizes the “free” capa-
bility of network by controlling production based
on network conditions. The theoretical maximum
for a local unit is the maximum transfer capability
of the network in the connection point. The flexi-
bility of a production unit is realized with local
voltage control of distributed generation or with
production curtailment in order to limit voltage
rise in weak networks. The flexibility of distribu-

tion network is for example co-ordinated voltage
control of DG units and networks.

The ring operation mode presents new possibili-
ties in connecting distributed generation to the
network. This is especially possible in weak rural
networks. The ring operation of the distribution
network will divide power flows to the feeders
more evenly than radial operation, losses will be
minimized and voltage rise due to distributed
generation can be limited. The voltage profile of
ring operated feeders is also more flat than profile
of radial feeders. These properties will result to
better utilization of distribution system than ra-
dial operation using the ring operation mode may,
however, complicate the protection issues.

The network connection from the point of view of
power plant technology was studied focusing on
were the use of frequency converters for network
interfacing, and the design of the permanent mag-
net generators either used with frequency con-
verters or directly connected to electricity net-
work. A the frequency converter driven generat-
ing hydro electric plant concept was designed and
piloted. As a result of research, the possibilities
and restrictions of such concept were shown. The
first hydro plants using the concept are already in
production use.

The system aspect of introducing large wind en-
ergy in the grid have been studied in three project
related to the IEA Implementing Agreement on
Wind Energy. Wind energy is one of the fastest
growing energy technologies and the findings of
network studies will be used as examples for inte-
grating renewable energy and distributed genera-
tion in general.

Energy storage has bee studied in a number of
projects including various techno-economical
studies, simulations and demonstrations of en-
ergy storage technology and its solution in differ-
ent power distribution tasks. The main research
areas have covered energy storages for the net-
work management with wind power systems and
UPS, with power quality systems/stations, in DC
distribution systems and microgrids; one of the
research areas has also been the control and im-
provement of the operation and maintenance reli-
ability of a weak electrical network.
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Commercially available supercapacitors have
been tested electrically using Arbin super-
capacitor test station. Also long-term and low-
temperature test have been performed. This de-
vice was applied also for measuring self-made
components. The commercially available super-
capacitors and those made in the project have
been compared. The comparison shows that the
specific capacitance of the commercial compo-
nents has been surpassed and internal resistance
is of the right level but leakage current should still
be decreased.

Heating, cooling and cogeneration

Finland has one of the most extensive networks
for district heating in the world and a high share
of combined heat and power production. Here the
promise for distributed generation is illustrated.
All or most of the “easy” load, i.e. big municipali-
ties and industrial plants already have CHP and or
district heating. Thus growth or added production
can only come from smaller and smaller loads.
As the new installations become smaller, there is
a need to find new solutions to how to ensure
cost-efficiency as most technology is developed
for a larger scale.

One line has been to build on further integration
to either cooling (in addition to heating and
power) or integration to the waste management
system. Integration to cooling opens new oppor-
tunities for technical and product development
and the concept has been tested in sports-halls
e.g. Further integration is also challenging in that
it combines different business logics in a chal-
lenging way.

Further, there has been an interest to develop
biopower-solutions. With also other Tekes activi-
ties going on in the field, the programme has
mainly focused on small scale bio-CHP solu-
tions. The studied µCHP’s produce electricity di-
rectly from solid biomass and the price of the pro-
duced electricity should be competitive to the
wind turbines and/or the traditional biomass-
fired power plants.

Liquid fuel fired aggregates have been widely
used in micro-scale electricity production. These

units (< 1 MWe) are of the same magnitude with
the solid biomass fired units studied.. Although
the aggregates have been so far fired with fos-
sil-based gasoline and diesel, bio-diesel is possi-
ble to be used as well leading to CO2 free energy
production. The aggregates have traditionally
been used during short periods, for example in
farm houses during the shut downs of the grid and
in cases outside the grid with low base consump-
tion and occasional peaking. The base load has
been covered for example with solar cells and the
peaks which and aggregate. The development of
the aggregate technology has led, however, to
larger units (with 10–100 kWe) which can be in
continuously use with additional production of
district heat. The trend has also been from gaso-
line-fired aggregates to diesel-fired aggregates to
minimise the fuel costs

Fuel cell activities

Fuel cell research was quite modest until the be-
ginning of the 21th century when Wärtsilä Cor-
poration started its SOFC development. This
gave a strong boost the fuel cell activity in Fin-
land. Tekes accepted its role as funding organiza-
tion for this activity and the budget of Tekes
funded fuel cell projects increased from > 1 M€ in
2000 to 5 M€ in 2005. There was a clear interest
in Tekes to coordinate this activity, and therefore
the fuel cell and hydrogen activity was incorpo-
rated into the Densy technology program from
the beginning of 2004. These projects ended in
the end of 2006. The Densy technology program
has reached its end in 2007, but the Fuel Cell and
Hydrogen research funded by Tekes is continuing
in a new Technology program “Fuel Cells”,
which will continue over the whole period
2007–2013, corresponding to the EU FP7.

ICT

It is apparent that technical development ICT and
automation has brought new opportunities for lo-
cal power production. On the other hand, while
small plants are usually low cost in building, the
added cost of including expensive data communi-
cation systems or remote operation systems can
be too much. The combination of new hardware,
communication, and software technologies cre-
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ates opportunities to achieve two-way interaction
with all kinds of power network nodes, customers
and customer equipment and to more autono-
mous, flexible self-managing (self-configuring
and self-healing) system of networks. These
novel ICT-enabled solutions will be key contribu-
tors in realizing reliable and efficient power dis-
tribution systems with high degrees of distributed
power production.

Manufacturing

One of the promises of small-scale generation
lies in being able to utilise developed industrial
manufacturing to move from economy of scale
(i.e. large power plants) towards economy of
numbers (i.e. large number of power plants) and
thus significantly reducing costs. At the same
time, it needs to be understood that the advanced
manufacturing solutions need big markets to pay
back the investments.

Although industrial manufacturing was one of
the most active areas of the programme, only two
research projects were financed. Also, these were
not pure research projects but to a large extent
project pre-feasibility activities, where eventual
ideas for development projects were pre-as-
sessed. However, the ideas and concepts pre-
sented in these projects have to some extent been
carried forward in the various industrial develop-
ment projects.

Business concepts

In the business concept research of the Pro-
gramme, several research projects have been con-
ducted to create new knowledge of future business
opportunities, to form optimal business concepts,
and to make demonstrations for business use.

The overall scope of the research projects:
• Define value chain, business opportunities,

and customer benefit.

The main Objectives of the research projects:
• Commercialization of new technologies and

services
• Formation of business networks
• Benefiting from the changing business

environment.

According to the following research projects, the
business development of the DG is mainly related
to the investments in existing systems and the in-
tervention of the authorities. The future business
development depends on the saturation point of
the returns of the present investment. In other
words, the business will increase when the re-
turns of investments in new DG technology will
be more profitable than the past and present in-
vestments.

This inflection point can also be affected by the
authorities. According to the research projects,
the most potential and strongest way in generat-
ing new business is to force companies utilize
new technology through the legislation. This con-
cerns only the areas with the well-developed in-
frastructure. At the same time, there are areas
where such dilemma does not exist, e.g. Africa,
South-America, and Far East. Due to that they are
able to pass obsolete technology and can directly
utilize advanced Distributed energy generation
technology.

Although, there within the program has been sig-
nificant research into the area of business models
only one of the research projects have gone so far
as to piloting the business model. In research and
development work piloting is an important step.
In the natural and technological sciences piloting,
i.e. the practical testing of one’s theories, models
and assertions is common practice – proof of
which is not only all the new solutions that are
brought forward but also the numerous ideas that
have been disproved. Unfortunately, the tradition
of testing ideas and theories is not nearly as usual
in business studies – i.e. the field of how business
is done in a certain industry.

Demonstration

The MULTIPOWER platform can nationally and
internationally be used for example as a testing
site for the components and generation units of a
DG system, as a platform for the validation of the
control and management system of a DG distri-
bution system, for the production optimisation in
the multi production systems, as well as it acts as
a platform for the component and system integra-
tion tests.The testing environment has also been
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introduced also for the European Network of
DER Laboratories and Pre-Standardisation for
possible membership.

Also an extensive computer-based simulation en-
vironment was created. This environment can be
applied in studies related to the analysis and de-
sign of grid interconnection of various types of
distributed generation. The primary aim was to
create a collection of simulation models repre-
senting various types of networks and generators.
The network models serve as a basis for the simu-
lation environment, and the user will have a free
choice to include a desired selection of various
distributed generators into the network model. In
addition to these the aim was also a have library
of models representing the protection relays and
control systems. The primary tool applied in the
projects was PSCAD, which is a well-known
power system transient simulation tool.

In addition the testing and demonstration of tech-
nical concepts there would be clear benefits from
testing business models by piloting them in com-
panies. First, by testing the models it is possible
identify weaknesses in the underlying theories
and assumptions thereby contributing to business
studies and the study of the particular field. Sec-
ond, testing and piloting the business model is
also the best way to ensure that the companies
concerned are able to take concept into practice
and thereby benefit from the basic research being
carried out at universities. Third, even if the
model were to prove unworkable that would in it-
self contribute to overall knowledge and function
as a basis for further theories and models.

Technology for global markets

The DENSY programme actively cooperates
with partner institutions on programmes and at

project level by sharing information and partici-
pating in joint projects. Tekes is especially inter-
ested in activities that can demonstrate the capa-
bility of new technologies. International coopera-
tion focuses on the field of basic research, how-
ever enterprises are also encouraged to collabo-
rate with their foreign counterparts in greater
depth as technology programmes can provide an
ideal framework for business development. Tekes
is involved in several of International Energy
Agency’s implementing agreements and DENSY
activities are reported or included in the areas of
bioenergy, hydrogen, fuel cells, DSM, energy
storage, wind power and solar heating.

Through IRED, ‘Co-ordinated action on Integra-
tion of Renewable Energy Sources and Distrib-
uted Generation into the European Electricity
Grid’, the programme has established Euro-
pean-wide networks. IRED started the confer-
ence series on the Integration of Renewable En-
ergy Sources and Distributed Energy Resources
and has further been instrumental in the inaugura-
tion of the EU Technology platform ‘Smart
Grids’, where Tekes is represented in the Mirror
Group for national authorities.

Several market studies and partnership building
activities target the North American markets. In
particular the North America Access Program
(NAAP) aims at establishing cooperation be-
tween Finnish and overseas companies to enable
market access. Tekes, Finpro, Helsinki School of
Economics (HSE), Motiva and nine Finnish com-
panies operating with distributed energy systems
have examined the best operating models for ex-
ports and are looking for local partners in the UK.
The companies in the project have approached
the promising UK energy markets with new oper-
ating methods. The project examines small and
medium sized companies’ internationalisation
both in practice and in theory.
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2 Electric systems

2.1 Introduction

Distributed energy resources cover biomass, so-
lar energy, wind energy, geothermal energy, hy-
dro energy etc. Electric systems are involved in
majority of the energy conversions of these re-
sources. In addition, the distribution and storage
of electric energy is a part of most systems. Elec-
trical energy produced in a stand-alone plant is
used locally, and in order to match the time-vary-
ing production and consumption, the energy must
be stored. If, on the other hand, the plant is oper-
ated parallel to the electricity network, the elec-
tric systems connect the plant to the electricity
network, and in that case, safe and economical
network operation has to be guaranteed.

In the DENSY program, the public research of
electric systems of distributed generation covers
two principal areas. Firstly, the influence of dis-
tributed generation on the electricity network and
on the network operation has been studied in
more than ten projects. Secondly, the devices and
systems used in the distributed generation have
been developed in less than ten research projects.
In addition to public research, more than ten
R&D projects of companies were followed
through to develop new devices and systems.

2.2 List of projects

VTT, System impacts of wind power

Date of funding decision: 7.2.2006
Research project, ongoing

VTT, Energy storage for managing
distributed generation

Date of funding decision: 7.2.2006
Research project, ongoing

VTT, Development of a supercondensator,
stage 2
Date of funding decision: 7.2.2006
Research project, finished

Lappeenranta University of Technology
Power distribution and distributed
generation
Date of funding decision: 27.4.2005
Research project, ongoing

VTT Processes
Integration of wind and hydropower
Date of funding decision: 17.2.2005
Research project, finished

VTT Developing a super-capacitor, step ½
Date of funding decision: 20.1.2005
Research project, finished

VTT Processes
International co-operation in wind energy,
IEA R&D WIND
Date of funding decision: 20.1.2005
Research project, finished

VTT Processes
Mid-sized energy storage in decentralised
power distribution applications
Date of funding decision: 22.4.2004
Research project, finished

Tampere University of Technology
Grid integration of distributed generation 2/2
Date of funding decision: 18.3.2004
Research project, finished

Savonia Polytechnic
A local system for power distribution and
application in rural areas
Date of funding decision: 30.10.2003
Research project, finished
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VTT Processes
A simulation environment for grid connection
of distributed generation
Date of funding decision: 26.6.2003
Research project, finished

Lappeenranta University of Technology
Distributed generation devices and
grid connection
Date of funding decision: 26.6.2003
Research project, finished

VTT Processes
Wind power models in grid studies
Date of funding decision: 18.6.2003
Research project, finished

VTT Processes
Energy storage technologies
in Finnish wind power plants
Date of funding decision: 18.6.2003
Research project, finished

Tampere University of Technology
Grid connection of distributed generation ½
Date of funding decision: 5.6.2003
Research project, finished

2.3 Funding and co-operation

The companies participating in Active network
management in electricity distribution have been
ABB Oy Sähkönjakeluautomaatio, Fingrid Oyj,
Fortum Sähkönsiirto Oy, Nokian Capacitors Oy,
Oittisen tila and Wärtsilä Oyj.

The companies participating in ENVATUULI
have been ABB Oy, Fortum Power and Heat Oy
Generation and Merinova Oy Ab.

The companies participating in ENVADE have
been ABB Oy, Evox Rifa Group Oyj, Oy Finnish
Electric Vehicle Technologies Ltd, Fortum Power
and Heat Oy Generation, Merinova Oy Ab,
Nokian Capacitors Oy, Powerware Oy, Powest
Oy, Winwind Oy and Wärtsilä Finland.

The companies participating in ENVADE+ have
been ABB Oy, Evox Rifa Group Oyj, Fortum
Power and Heat Oy Generation, Merinova Oy
Ab, Nokian Capacitors Oy, Eaton Power Quality
Oy and Helen Sähköverkko Oy.
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The Switch

The Switch was established in 2006 when Rotatek Finland, Verteco and
Youtility joined forces to become The Switch. As a part of the DENSY
programme, the company has developed a product family of permanent mag-
net machines (PM) for a range of motor and generator applications.

The integrated design of The Switch PM machines is developed for both effi-
ciency and adaptability in various applications. In the case of outer rotor motors
- which are used in conveyers - the entire motor is assembled inside a driving
roll. In pump and blower applications, the motor may be directly integrated onto
the equipment shaft, a solution which completely eliminates the need for me-
chanical couplings and axle alignments. High, smoothly controllable motor
torque is guaranteed throughout the drive speed range - even at the lowest
speeds. The permanent magnet machine power range extends to 5 MW and
the speed range to 6000 rpm.

The future looks bright: the company expects to double its sales every year until
2011. The Switch’s customers are mainly in the wind power branch and located
all around the world. In five years, the company has grown from four employees
to 15, almost all of whom all are involved in the product development.



The companies participating SUPER3 have been
Evox Rifa Group Oyj, Kone Corporation, Kone-
cranes Plc, Panipol Ltd and MSc Electronics Oy.

The companies participating in VELKO, part 1
have been ABB Oy, Drives, Verteco Oy, MSc
Electronics Oy, Vaasa Engineering Oy, Water-
pumps WP Oy, Power Factor Ay, Konetuote
Piispanen Oy and Kylmätec Ky.

The companies participating in ELDIG have
been ABB Oy, Drives, Verteco Oy, Vaasa Engi-
neering Oy, Rotatek Oy, Waterpumps WP Oy,
Axco Motors Oy, Power Factor Ay, Fortum Säh-
könsiirto Oy, Vattenfall Verkko Oy, Kemijoki Oy,
ABB Oy, Sähkönjakeluautomaatio, Wärtsilä
Oyj, Vamp Oy, Rovakaira Oy.

The companies participating in MULTIPOWER
have been Wärtsilä Oyj, Merinova Oy, E.ON Fin-
land Oyj, Gasum Oy, Finnish Natural Gas Asso-
ciation, VaPo Oy and ABB.

The companies participating in DIGIN 1 and 2
have been ABB Oy Sähköasema-automaatio,
Cybersoft Oy, Finergy, Fortum Sähkönsiirto Oy,
Kemijoki Oy, Koillis-Satakunnan Sähkö Oy, MX
Electrix Oy, Nokian Capacitors Oy, Tampereen
Sähkölaitos, Vattenfall Verkko Oy.

International co-operation: IEA co-operation:

NREL (USA); UWIG (USA); Northern Arizona
University (USA); DG&SEE (UK); UMIST
(UK); UCD (Irl); Eirgrid (Irl); KTH (Swe);
Chalmers (Swe); Sintef (Nor); Statkraft (Nor);
Risö (Den); Energinet.dk (Den); ISET (Ger);
RWE (Ger); E.On Netz (Ger); INETI (Portugal);
EWEA (European Wind Energy Association,
Bryssel); ECN (NL); University Castilla la
Mancha (Spain); REN (Por); Hydro Quebec
(Can); Manitoba Hydro (Can); Hydro Tasmania
(Australia); Swiss Federal Office of Energy
(Switzerland); Natural Resources Canada (Can).

2.4 Energy network analyses
and management

ELDIG, 2004–2007, Power distribution and dis-
tributed generation, 1170 k€, Lappeenranta Uni-

versity of Technology, Tampere University of
Technology, VTT Technical Research Centre of
Finland and University of Vaasa.

2.4.1 Active network management

Statistical network planning method

The starting point for a study of statistical plan-
ning methods for electricity distribution network
were the existing network information systems
(NIS) applied in Finnish network companies to-
day. The aim of the study was to develop methods
which could take into consideration the influence
of distributed generation (DG) at analysis and
planning functions. NIS tools in Finland have a
long tradition to utilize statistical load curves
(time series for a customer type) in network anal-
ysis. A similar method was developed for produc-
tion units (wind power, combined heat and power
units and hydro power) to model time variation of
power production based on statistical properties
like monthly average wind speed, outdoor tem-
perature and inflow. (Repo, 2005a).

The statistical planning method and production
curves were verified with measurements made in
Hailuoto distribution network and wind power
units. The measurements showed that the di-
mensioning of distribution network should be
based on the worst case planning principle when
the network includes only wind power. Wind
power production correlated well with load de-
mand, when monthly average production and
load are considered. However individual hours
may behave differently depending on wind con-
ditions. The probability of voltage rise above a
planning limit during a minimum load condition
is somewhat smaller what is considered today at
network planning. (Bastman, 2007)

The statistical network planning method creates
several production curves for use in the network
analysis. These calculations will produce a distri-
bution function for each hour, network node and
variable. For example the voltage distribution of
DG connection point during the hour of mini-
mum load demand describes the probability of
exceeding the maximum voltage limit or the
amount of network transfer capability with cho-
sen probability level. Calculation examples have
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shown the benefits of statistical planning method
at distribution network planning when a network
includes wind power units (Laaksonen, 2004),
(Repo, 2004a), (Repo, 2005a), (Repo, 2005c),
(Repo, 2005d), (Mäki, 2006b). The same method
has also applied to estimate variable costs of elec-
tricity distribution company due to DG (Repo,
2005a), (Repo, 2006a).

“Flexible interconnection” is a new idea for con-
nection of intermittent DG into distribution net-
work (Repo, 2006b). The worst case planning
principle will lead to strong enough distribution
network from technical point of view, but from
economical point of view that will lead to deterio-
ration of utilization rate of distribution network
facilities. The worst case planning principle al-
lows addition of DG capacity according to mini-
mum of network transfer capability which occurs
once a year and the capability is higher than that
rest of the time. The flexible interconnection of
DG utilize the “free” capability of network by
controlling DG unit based on network conditions.
The theoretical maximum for a DG unit is the
maximum transfer capability of network in the
connection point. The flexibility of DG unit is re-
alized with local voltage control of DG unit or
with production curtailment in order to limit volt-
age rise in weak networks. The flexibility of dis-
tribution network is for example co-ordinated
voltage control of DG units and network. (Repo,
2005a).

Interconnection of small-scale hydro-
electric power plant to weak network

The interconnection of small-scale hydroelectric
power plant to a 20 kV electricity distribution
system was studied by modelling a case network
and DG units in PSCAD. Developing the model
and verifying it constituted the central part of this
project. In order to verify the simulation results
comparative disturbance recorder measurements
were arranged in the real MV network with the
startups of the appropriate power plants. The
comparison of the measured and simulated quan-
tities indicated that applying the dynamic model
of the system the magnitude and waveform of the
starting current and voltage dips due to it can be
reliably simulated.

One aim of the study was to utilize the simulated
results of connecting the asynchronous generator
to the medium voltage (MV) distribution system to
find solutions to power quality problems caused to
customers by the starting and operation of these
generators. According to simulations the starting
current may cause significant voltage dips to other
customers. The depth of the voltage dip depends
on the electrical distance of the customer from the
appropriate generator. The loading condition of
the feeder also has a clear effect on the voltage
dip, being deepest when the loading of the feeder
is at its maximum. Because of the extent of the
disadvantage caused by a voltage dip it is neces-
sary to limit the starting current in many cases.

An induction generator of a few megawatts con-
siderably increases the transmission of the reac-
tive power via the MV feeder. To improve the
power factor, increase the active power transmis-
sion capacity and decrease the power losses it is
appropriate in many cases to fit local power factor
correction capacitors at the terminals of the gen-
erator. The main benefit will be achieved if the lo-
cal parallel compensation is adjustable. If only all
or part of the no-load reactive power demand is
compensated the part of the reactive power in the
total power remains relatively high when the gen-
erator operates with rated power. By applying se-
ries compensation the part of the series imped-
ance of the line can be compensated which in-
creases the power transmission capacity of the
feeder. The wide variation of the ratio of the pro-
ductive and load capacity along the MV feeder
makes it difficult to locate the compensation unit
at the optimal point. (Nikander, 2005), (Nikan-
der, 2007a) and (Nikander, 2007b)

Testing of PSS in small gas power plant

The behaviour of a power system stabilizer (PSS)
at synchronous machine voltage controller ap-
plied in a small gas power plant was examined
with PSCAD and RTDS simulations. Testing a
real automatic voltage regulator (AVR) and espe-
cially the power system stabilizer was an impor-
tant part of the subproject. Therefore, time do-
main simulations are used instead of modal anal-
ysis. The closed-loop testing of the physical de-
vice is conducted using the Real Time Digital
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Simulator (RTDS). Simulations are also carried
out using PSCAD simulation software. In these
simulations the whole study system, including
the AVR, is represented by a model.

The low inertia of the gas power plant presented
some problems in the application of the power
system stabiliser. Because of the low inertia, the
frequency of local oscillations was high (>3 Hz),
and it was difficult to tune the power system stabi-
liser for the whole frequency range covering both
inter-area and local modes of oscillation. In the
study system, the power system stabiliser im-
proved the damping of inter-area oscillations in
almost all cases studied. The modeled PSS en-
hanced also the damping of local oscillations in
almost all simulations, whereas the real stabiliser
deteriorated it nearly each time. In steady state,
the power system stabiliser introduced signifi-
cant noise to the AVR output because the oscilla-
tions of mechanical power were visible also in
electrical power. This is also due to the low inertia
of the power plant. The noise in steady state could
be decreased by adding filtering to the PSS or us-
ing a different type of stabiliser. (Partanen,
2006a), (Partanen, 2006b) and (Kulmala, 2007a)

Active voltage control of DG units and OLTC

A method for active voltage control has been de-
veloped and its functioning has been tested with
PSCAD-simulations at MV network feeding the
Högsåra wind park. The method is based on
co-ordinated control of on-line tap changer
(OLTC) of primary transformer and local voltage
and power factor controls of DG units. The basic
idea of the method is to adjust the voltage setting
value of OLTC within acceptable limits which are
checked based on distribution system state esti-
mate. The benefit of the active voltage control
method is better utilization of distribution assets
by allowing connection of larger production ca-
pacity into existing network than with traditional
voltage control method. The control method op-
erates as expected in the simulations. It is capable
of restoring voltages within acceptable limits af-
ter disturbances like production changes, when
that is possible by controlling the voltage of pri-
mary substation. The method includes also prop-
erties which prevent OLTC hunting and continu-

ous operation of network with exceptional high
or low voltages. A planning method for selection
of controllers’ setting values has been proposed
when a network includes one DG unit. (Kulmala,
2007b) and (Kulmala, 2007c)

2.4.2 Protection co-ordination

Protection impacts of DG and
protection planning

The main objective of the studies conducted was
to determine the problems related to the traditional
network protection due to the propagation of DG.
The phenomena related have been studied with
different simulations and calculations. A further
objective was to ideate methods for including the
observations in network planning methods. As
most of the typical distribution network planning
is performed in steady-state NIS systems and the
impacts of DG have, on the other hand, strongly
dynamic nature, this objective is very challenging.
However, according to the feedback from network
utilities, the impacts of DG should be integrated to
the planning systems. Utilities are not eager to use
dynamical simulation tools for their planning
purposes. The studies have been performed
strictly from the distribution network’s point of
view; thereby the focus has been on coordinating
the operation of protection devices.

The study has not aimed for any new protection
techniques or for protection device development.
Instead, methodological development and practi-
cal guidelines have been the desired output. Some
methods have been developed for achieving these
objectives. The protection planning procedure
seeks to present the studies needed for connecting
new DG unit with the public power system.
(Mäki, 2006c) The sequence of the studies is of
great importance. Other methods such as graphi-
cal protection requirement graph (Mäki, 2007b)
and NIS fault calculation extension method
(Mäki, 2006d) have been designed to assist the
procedure. More general development ideas and
requirements for NIS to better support the DG
planning process have also been ideated. (Mäki,
2006e) Together, these methods and ideas form a
protection planning entity that might be used as a
functionality of NIS.
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The typical feeder protection problems related to
DG can be divided in sensitivity and selectivity
problems. The sensitivity of feeder protection
may be harmed due to blinding effect caused by
the presence of DG. When located between the
feeder relay and the fault, DG can significantly
decrease the fault current measured by the feeder
relay. This is due to normal fault current distribu-
tion in the network. (Mäki, 2005a) Operation of
relay can be delayed or totally blocked. As the
DG is also likely to increase fault levels in the net-
work, the situation can be problematic. Selectiv-
ity problems relate usually to faults occurring
outside the feeder the DG unit is connected to. In
these cases it is possible, that the upstream fault
current contribution of DG trips the feeder relay
although there is no need for this. The direction of
fault current is not sensed in many cases, thus en-
abling this sympathetic tripping. Selectivity of
the power system is also harmed when the DG
unit itself becomes tripped due to faults on adja-
cent feeder. So far, this is not considered a great
problem for the network, but as the contribution
of DG becomes more important system-wide,
these trippings can be problematic. One of the
most important observations made in the studies
is the contradiction of the actions required by
blinding and sympathetic tripping. (Mäki,
2004a), (Mäki, 2005a), (Mäki, 2005b), (Mäki,
2005c) Other potential problems relate to opera-
tion of DG protection during reclosings and
islandings. The DG unit must become discon-
nected during these events. A failing reclosing re-
sults in evident power quality impacts as a longer
interruption is needed. Islanding results also in
quality problems but especially in safety hazards
and should thereby become always tripped. Un-
fortunately there is no detection technique avail-
able for the worst-case islanding. (Mäki, 2007c)
However, developments in detection techniques
have made sustained islandings far more excep-
tional situations. (Mäki, 2006f)

DG and earth faults

The problematic impact of distributed generation
on system earth fault protection is caused by its
ability to sustain voltage momentarily in an iso-
lated feeder after the tripping of the feeder
breaker. If the generator is connected directly to

the network its ability to sustain the voltage dur-
ing isolated operation remains short because the
supply of the reactive power to the generator will
be prevented but the increase of the duration of
earth fault current must be taken into account
when the touch voltage regulations are consid-
ered. The directional earth fault protection of MV
feeders is normally based on measurements of
zero sequence voltage and zero sequence current.
Due to the vector groups of the unit generator
transformer the zero sequence quantities, voltage
or current generated by an earth fault of the MV
system cannot be indicated on the low voltage
side of a transformer (generator side). The earth
fault protection of the distributed generator is of-
ten based only on loss-of-mains protection. With
larger hydro power generators a separate neutral
voltage measurement on the high voltage side can
be used to indicate an earth fault. Applying the
autoreclosings with MV feeder including distrib-
uted generators increases from before the need
for rapid and reliable operation of loss-of-mains
protection so that production unit can be reliably
disconnected before the autoreclosing and the out
of phase connection can be avoided. (Nikander,
2007a), (Mäki, 2007d)

Ring operation of distribution network

The ring operation mode presents new possibili-
ties in connecting DG to the network. This is es-
pecially possible in weak rural networks. The
ring operation of the distribution network will di-
vide power flows to the feeders more evenly than
radial operation, losses will be minimized and
voltage rise due to DG can be limited. The volt-
age profile of ring operated feeders is also more
flat than profile of radial feeders. These proper-
ties will result to better utilization of distribution
system than radial operation (Repo, 2004b).
Using the ring operation mode may, however,
complicate the protection issues. There may be
some problems concerning the operation of pro-
tection. Thermal limits of network components
may also become inadequate as the fault levels in
the network increase when applying the ring op-
eration mode.

Typical case of using the ring operation mode in
the distribution network is closing the open con-
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nection between two feeders with a remote con-
trolled recloser. A ring is thus formed. Normally
it is reasonable to feed the ring from one substa-
tion only. When the fault occurs it is possible to
open the ring connection at first. After this, the
fault is located on one feeder only and the protec-
tion can function as in radial use. The thermal
limits of components may become a barrier for
using this kind of protection as the opening of the
ring takes some time and hence prolongs the du-
ration of fault. The opening can be done by using
a recloser placed in the network between the
feeders. If one of the feeders is equipped with
sectionalizing reclosers, they can be used to open
the ring as well.

The opening of the ring is simply based on the
magnitude of the fault current flowing through
the recloser. The direction of the current is nor-
mally not recognized by the recloser. Thus the
tripping limit must be set low enough to be able to
detect all possible faults also far from the
recloser. On the other hand, during a fault the cur-
rent is typically big enough to easily be differenti-
ated from the maximum current of a normal use
situation. It is worth noting that an unnecessary
momentary opening of ring connection usually
does not cause problems in the network. The
changes in voltage of the network may, however,
cause some problems with certain genera-
tion-consumption combinations. Some switch-
ing transients may appear, too. DG itself compli-
cates the implementation of protection. Together
DG and ring operation could lead to relatively
difficult protection systems. With small-scale
production suitable protection settings can usu-
ally be found, but the problems will multiply as
the installed power or amount of plants is in-
creased. (Mäki, 2004b)

2.4.3 Island operation of DG units

The penetration of DG and the consideration of
distribution network reliability have increased
the interest for intended island operation of distri-
bution system. The most important challenge of
island operation is probably the control of voltage
and frequency in island system i.e. management
of active and reactive power balance. The con-
trollability and control systems of DG units have

great influence on stability of island. Another
challenge is the co-ordination of protection sys-
tem in the network and production units so that
safety will be guaranteed and island operation
and smooth transition to it will be possible when
normal variation range of voltage and frequency
are relatively wide in island operation. There is
also needed a clear classification of intended and
unintended island operations from protection
point of view, because unintended island opera-
tion must be avoided in all situations.

The electricity distribution system of Hailuoto-
island has been used as a case system which in-
cludes four wind turbines equipped with directly
connected asynchronous generators and standby
diesel engines capable of feeding the maximum
load demand alone. Normally wind turbines are
disconnected in case of island operation. The
study was performed to find out if wind turbines
may contribute island operation and thus mini-
mize the use and cost of diesel engines. Accord-
ing to PSCAD-simulations the island operation is
stable in maximum loading situation when all
wind turbines are connected. However during the
minimum loading condition none of wind tur-
bines may be connected due to over-frequency of
system. Frequency limits of wind turbines are rel-
atively tight from island operation point of view.
Sudden disconnection of wind turbine due to ex-
ceeding the over-frequency limit does not endan-
ger the operation of island system because
over-frequency will be avoided and the frequency
control of diesel engines will contribute for possi-
ble under-frequency situation. (Mäki, 2007d).

Literature survey of island operation possibilities
at electricity distribution network clarifies re-
quirements of stable island operation (Repo,
2005b). The study describes existing require-
ments and properties of island operation in Fin-
land. These islands are traditionally created at
sub-transmission level and they are based on syn-
chronous machines which have been equipped
with suitable controllers. The report brings also
into attention new distribution network related
challenges which are: utilization of DG and load
control in island operation, formation and brak-
ing of island, and network protection in island op-
eration.
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2.4.4 Measurement services

Measurement services were demonstrated by
measuring, collecting and analysing power qual-
ity data of Hailuoto electricity distribution sys-
tem including wind power units. Measurements
were arranged vertically along the radial net-
work. Measurements were done with remotely
readable power quality guards of MX Electrix Oy
and PQNet measurement collection and storing
system of PowerQ Oy. Recorded 10 min average
measurements were active and reactive power,
voltage level, current, voltage harmonics, voltage
unbalances and flicker indices. Also voltage dip
events were recorded. According to measure-
ments and analysis results the effect of wind
power units to distribution system power quality
is not such remarkable that there would be needed
separate measurement system for that purpose
alone. The monitoring of distribution system
power quality should be developed more like one
integrated measurement system which should
take into consideration among other measure-
ment tasks the effects of DG units on distribution
system power quality. (Antila, 2003)

The effect of DG units on power quality is de-
pendent on unit type and network characteristics
itself and thus the effect on power quality may be
positive or negative depending on a case. The
most important power quality issues in DG unit
interconnection are: voltage level should be
within acceptable planning limits, voltage
changes due to connection and disconnection of
DG unit into network should not be too large in
proposition to frequency of occurrence, and fast
voltage changes (flicker) may not appear too
large extend. These quantities are also the most
important quantities in the power quality moni-
toring from the DG units point of view. Small DG
units connected into low voltage network would
probable be considered widely enough if power
quality monitoring is included in advanced
AMR-meters and temporary measurements are
done at distribution transformer stations. Large
units might require more extensive measurement
system due to system wide effects of these units.
(Bastman, 2007)

Another measurement case was realized in wind
park of Olos fjeld. These measurements were re-

alized in order to collect disturbance data from
distribution substation and from wind park con-
nection point for the verification of simulation
models and the development of fault indication
and location algorithms. (Hänninen, 2005),
(Uski, 2006)

One detail of the research of power quality mea-
surement was the development of calculation
tool for flicker indices. The tool is based on stan-
dard IEC 61000-4-15 and it is fast in order to be
able to implement it in power quality guards
having limited computation capability. (Kopo-
nen, 2003)

2.5 Network connection

The network connection from the point of view of
power plant technology was studied in the re-
search projects of Lappeenranta University of
Technology. The main focuses were the use of fre-
quency converters for network interfacing, and the
design of the permanent magnet generators either
used with frequency converters or directly con-
nected to electricity network. In the VELKO, part
1 project, the frequency converter driven generat-
ing hydro electric plant concept was designed and
it was piloted in Tirva. The results were collected
to final report (Lindh, 2005). As a result of re-
search, the possibilities and restrictions of such
concept were shown. The first hydro plants using
the concept are already in production use.

2.5.1 Permanent magnet generators
directly connected to grid

The research concentrated in the definition of
proper machine parameters that are required for
the direct network connection of permanent mag-
net synchronous generators (motors) and, on the
other hand, the definition of the parameters that
are required when these machines are used as a
part of a power plant.

Permanent magnet synchronous generators
(PMSG) are often connected to the grid via fre-
quency converters, such as voltage source line
converters. All the power produced by the gen-
erator is fed through the converter. The price of
the converter can constitute a large part of the
costs of a generating set. Some of the permanent
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magnet synchronous generators with converters
and traditional separately excited synchronous
generators could be replaced by direct-on-line
(DOL) non-controlled permanent magnet syn-
chronous generators. Small directly network-
connected generators are likely to have large
markets especially in the area of distributed
electric energy generation. Typical prime mov-
ers could be, for example, wind turbines and wa-
ter turbines. The benefits would be a lower price
of the generating set and the robustness and easy
use of the system.

The basic concept is simple and competitive.
There is neither a need for an excitation system
nor for a frequency converter, only coarse syn-
chronization equipment is needed for the phase
angle difference and the frequency. Despite the
constant excitation, the generator is capable of
producing enough asynchronous accelerating
torque by the damper winding and pull-in torque
to synchronize by itself.

The hydroelectric plant drives are low speed ap-
plications. At low speeds in direct network appli-
cations lots of poles are needed. The magnetising
inductance Lm of a rotational field machine is in-
versely proportional to the square of the pole pair
number p.

(1)

In induction generators, this causes a low power
factor for low speed machines. In synchronous
machines, a low synchronous inductance, how-
ever, is a benefit because the peak torque of the
machine is inversely proportional to the synchro-
nous inductance Ls which consists of the magnet-
ising inductance and the stator leakage Lsσ

(2)

We see that a synchronous machine is more suit-
able for low-speed applications than an asyn-
chronous machine. In particular, it is easy to con-
struct low-rotational-speed permanent magnet
synchronous generators having excellent electro-
magnetic properties, especially compared to in-
duction generators. In many cases, the prices of

such machines are lower than those of separately
excited synchronous generators, especially when
generators are submerged. Often, the PM genera-
tors are controlled by four-quadrant frequency
converters. In these applications, the network
side inverter can feed the network with any power
factor in the limits of its current handling capac-
ity. On the other hand, when a variable rotational
speed of the turbine is not required, the frequency
converter is not needed if a PM generator is capa-
ble to a direct electrical network connection. PM
generators cannot, however, be used if the gener-
ator plant is so large that the network stability has
to be supported for example with a power system
stabilizer (PSS). This limits the size of a genera-
tor to less than 50 MW class in many countries.
The main requirement of the PM generator with a
direct network connection is the adequate damp-
ing property so that stabile operation is guaran-
teed. The PM generator design and damping
properties have been studied recently e.g. by Kin-
nunen et al. (Kinnunen, 2006a, 2006b, 2006c).

PM machines can be designed so that they pro-
duce power with a near to unity power factor
within their whole operating range. In this pro-
ject, A) the possibility to construct such a genera-
tor was discussed, and guidelines for the design
of the main parameters of this kind of a machine
were proposed (Lindh, 2007), (Kinnunen, 2006a)
and B) prototype generators for direct network
connection were designed.

The following rules and restrictions are affecting
the design:
a. If the generator is synchronized with no phase

error, the starting current is affected by the
subtransient inductance of the machine and
the induced back EMF.

b. The voltage-level fluctuation during synchro-
nization is restricted in the EU primarily by the
EN 50160 and secondarily by the standards
and engineering recommendations that nor-
mally restrict the voltage fluctuation at the
connection point during synchronization to
3–5 %. Also the synchronization terms can de-
termine the voltage error between the net and
generator poles for example to less than 10 %
according to the VDN guidelines. This re-
stricts the maximum induced back-EMF of a
permanent magnet generator ePM to 1.1.
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c. Magnetization of the machine cannot be
changed at different loads. The stator voltage
of a generator is connected to the electrical
network voltage and thereby the stator voltage
should be us = 1 p.u. If the ePM is designed to
the value of 1.p.u., the minimum starting cur-
rent is obtained and a light load power factor of
about unity is achieved. However, the power
factor of the loaded generator then decreases
with the load. Therefore, ePM may be designed
to greater values than 1 p.u. to achieve a high
power factor also with a full-loaded generator.
Thus the power factor can remain high enough
to meet the recommendations and network con-
nection rules of network companies (usually
the power factor should exceed the value of
0.95–0.97). In this case, a capacitor bank par-
allel to an induction generator can be avoided.

d. The minimum continuous short circuit current
is required usually when the generator is used
islanded. This is due to the fact that generator
must give an adequate current for the over-cur-
rent and possibly touch-voltage protection.
Therefore, twice or three times the nominal
current may be required during a sustained
short circuit. However, when used parallel to a
distribution network, no special short circuit
current capacity is required.

e. The pull-out torque of the generator has to be
above the nominal torque to guarantee the syn-
chronous operation during the short time vari-
ation of the torque of the prime mover or turbu-
lence of primary energy source. For the hydro
power generator, the pull-out torque require-
ment is often 1.2–1.3 times the nominal
torque.

f. Customer requirements. The network codes of
distribution companies may set requirements
that affect the design principles and sizing of
the generator. For example thermal limits in
design are not the key issue if large overload
capacity is required during voltage sags etc.
The customer often requires very high effi-
ciency. These factors usually lead to slight
oversizing of the machine. The p.u. value for
impedance is given

(3)

Hence, if the nominal current IN is reduced be-
cause of the oversizing of the generator, the p.u.
values are scaled, and this should be considered
always when using the p.u. equations that are the
basis for the design.

Both the voltages as well as the synchronous in-
ductance Ld have an influence on the power avail-
able. The designer may select the pole number (in
a small scale, because for example in the case of
the hydro power plant, the hydraulic properties
such as flow and the head height set limits to the
rotational speed range) and other machine di-
mensions to gain a desired inductance. Ignoring
the effects of the stator resistance and possible sa-
liency, the torque developed by a synchronous
machine without saliency can be solved using the
load angle equation

(4)

where m is the number of phases, U is the supply
phase voltage, EPM is the induced back-EMF, a

the load angle, s the synchronous electrical an-
gular velocity and p the pole pair number. If con-
nected to the network, the supply phase voltage is
us equal to 1 p.u. The rated speed would be 1 p.u.,
and the maximum achievable power can be writ-
ten as

(p.u.). (5)

The equations above and the equations describ-
ing the transient phenomena of generators the pa-
rameters were varied and their effect on the rules
listed above were analysed and compared to the
FEM calculations made by Flux2D® software.
The following results were presented in a paper
by Lindh (2007). In a hydro-power application,
where a turbine with adjustable blades is used for
power control, the useful adjustment range varies
from 30–100 %. It was concluded that the power
factor remains over 0.95 for quite wide a range so
that if ePM is 1, the d-axis synchronous inductance
must be less than approx. 0.3 and if epm is 1.05 the
ld should be 0.3–0.75. If ePM is 1.1, the ld should
be in the range of 0.5–0.9. If the short-circuit cur-
rent feeding capacity is not required, then in order
to limit the starting current ld should be as large as
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possible and the pull-out torque requirement
should set the upper limit for ld. Setting the re-
quired pull-out torque to 1.3, the ld should be less
than 0.77–0.92 (epm=1–1.1). If the generator is
oversized, to increase the efficiency, the suitable
inductance values (p.u.) are increased.

2.5.2 Parameter design and
prototype generators

Axial flux permanent magnet generator
prototype for direct network connection

The general guidelines and recommendations
presented above were applied in the analysis. By
analyzing the results produced by the simulation
model for the permanent magnet machine, the
guidelines for efficient damper winding parame-
ters for directly network-connected permanent
magnet generators were determined. The simula-
tion model was used to simulate grid connections

and load transients. The effects of the electrical
parameters, especially the damper winding pa-
rameters, on the generator performance were
simulated. The damper winding parameters were
calculated by the finite element method (FEM).
Both two-dimensional and three-dimensional
modelling were carried out. Analytic equations
governing the phenomena are very complex be-
cause of the 3-dimensional behaviour of the eddy
currents. Therefore the three-dimensional finite
element analysis (3D FEA) is preferred in the
analysis of the damper winding constructions.

The results from the simulation model and the fi-
nite element analysis were compared with practi-
cal measurements.

The dimensioning of the damper winding param-
eters is case specific. The damper winding should
be dimensioned based on the moment of inertia of
the generating set. It is shown that the damper
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Figure 2.1. Permanent magnet synchronous generator phasor diagram in a tran-
sient state. In the transient state, the rotor speed or load angle are not correct and
the generator tries to reach equilibrium. The change in the flux flowing through the
damper windings induces damper winding currents that try to keep the flux con-
stant. The rotor is rotating counter-clockwise.



winding has optimal values to reach synchronous
operation at the shortest period of time after tran-
sient operation. With optimal dimensioning, the
interferences in the grid are minimized.

Permanent magnet synchronous generators have
two main requirements in directly network-con-
nected operation. First, the generator must be ca-
pable of synchronization after grid connection
and second, the generator has to maintain syn-
chronous running during electric load variation
and other transients. The generator characteris-
tics vary depending on the strength of the electric
network. Therefore, both infinite bus network
and isolated microgrid operations were pro-
cessed in the analysis.

In a DOL PMSG, careful design of the damper
winding is needed. The price of the machine must
also remain competitive with traditional genera-

tors. This may limit the practical applications of
some damper winding structures with expensive
materials. Modern Neo magnets have a relatively
low resistivity, in the range of 150−250×10-8 Ωm,
and hence the eddy currents in the permanent
magnets produce losses and increase the temper-
ature of the permanent magnets. This must be
taken into account particularly in rotor construc-
tions with a poor or average thermal conductivity.
If the cooling of the rotor is not sufficient, perma-
nent demagnetization of the magnets can take
place. The demagnetization is far easier if the
temperature of the magnets rises.

The prototype AFPMSG1 is a one-rotor-two
stator construction with an aluminium-frame ro-
tor, while the AFPMSG2 is a single-sided con-
struction with a cast-iron rotor yoke. Both the ma-
chines have short-pitched stator windings with
W/ p = 5/6 and q = 2.
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Figure 2.2. DOL PMSG at grid connection. The successfulness of the synchroniza-
tion depends on the speed error and the phase shift error.
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Figure 2.4. Geometry of the 5.6 kVA and 18.3kVA prototype permanent magnet synchro-
nous generators. a) The generator AFPMSG1 has four magnetic poles. It consists of two
stators and one rotor between the stators. The body of the rotor is made of aluminium.
The generator is an axial flux machine. The permanent magnets are surrounded by install-
ing jig and surface plate, both made of aluminium. b) The geometry of the prototype per-
manent magnet synchronous generator AFPMSG2. The generator has 16 magnetic poles.
It consists of one stator and one rotor. The body of the rotor is made of cast iron. The gen-
erator is an axial flux machine. The rotor has the installation jig and the surface plate made
of aluminium.

Figure 2.3. Grid connection of the AFPMSG1. The generator is connected to the grid
with a large phase difference Δ = +137° at time t = 0.739. The initial speed before the
grid connection is 0.96 pu. a) The phase difference between the grid and the back-EMF of
the generator. b) Transient phase current in the grid connection. c) The shaft torque during
synchronization. d) The speed of the generator. The generator is still able to synchronize.



Radial flux permanent magnet generator
prototype for direct network connection

The aim was to design and manufacture 55 kW 8
pole permanent magnet synchronous generators
capable for a direct network connection. The
two different types of rotor constructions with
different damping properties were investigated
(Figure 2.6).

In this research, the possibility to simulate the tra-
ditional no-load and short-circuit tests using
FEM-calculations was tested. The dynamic state
d- and q-axis parameters were evaluated by FEM
calculations and measurements. The results of
the short-circuit calculation are shown in Figure
2.7. The FEM-calculated and the measured re-
sults have quite a good correspondence.

The prototype machines were tested in motor lab-
oratory of LUT. According to the test results, the
machines are suitable for the direct network con-
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Figure 2.5. Construction of the damper
winding.

a) b)

Figure 2.6. Rotor constructions of the permanent magnet generator
made of a) 0.5 mm thick electrical steel and b) 10 mm iron sheets.

Rotor type Advantages Disadvantages

Electrical 0.5 mm steel Better efficiency because
the iron losses are lower
in laminated steel.

Damper windings required.

Iron sheet 10 mm Cheap, robust and simple to
manufacture.

Lower efficiency because of
the higher iron losses.

Weaker and inexact Damping
properties

Table 2.1. The advantages and disadvantages of these rotors are presented below.



nection. This gives one a possibility to use such
PM-machines as generators. The concept has the
advantage of the good performance of traditional
externally excited synchronous machines and at
the same time benefits of a very simple construc-
tion. The know-how of such machines has re-
markably increased giving the industry the possi-
bility to utilize new information in a large variety
of applications.

2.6 Inverters and converters
in network connection

Traditionally, distributed generation plants have
been relatively large (typically at least hundreds
of kilowatts), and generators have been con-
nected directly to the electricity network. The
connection codes of authorities and distribution
companies are fit to these conditions. Now, how-
ever, two ongoing changes affect the area: More
and more power plants use frequency converters
between the generator and the electricity net-
work, and secondly, more and more micro power
plants will be installed parallel to the network.
Micro generation mainly aims to reduce the
amount of purchased energy of the electricity
end-user, not to feed the distribution network.

Frequency converters, when used in electricity
network connection, set several issues under con-
sideration: for example, how is the quality of

electricity affected, how should the connection
and disconnection be done, how are the anti-
islanding protection and network fault protection
affected, and how the quality measures of elec-
tricity should be defined, what would be the ap-
propriate levels and how they should be measured
in the commissioning phase.

In addition to the questions set by a frequency
converter connection, the micro generator set
new challenges to the network connection. From
the economic point of view, the construction
should be simple when the value of produced en-
ergy is low, or even negative for an electricity
company. The situation at present is such that the
connection rules and the power plants are treated
equally in the commissioning phase regardless of
the size of the plant. When the electricity network
operation and safety issues are concerned, this is
rational. On the other hand, however, some of the
electricity quality measures can become ques-
tionable. The international standardization (EN
50438) aims to facilitate the connection proce-
dures by the standardization of the power quality
parameters and the interface protection and by
the use of type testing of these, so that the com-
missioning would be as simple as possible. This
is important for two reasons: The installers of mi-
cro generation plants have often little or no exper-
tise on network connection, and if there are a
large number of micro generation plants, it is a
burden to a network company to have individual
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Figure 2.7. a) FEM-calculated and b) measured phase current during a 3-phase short-circuit test.



concern of each plant. In addition, the installers
of micro generating units should be treated
equally at least at the national level.

In this project, the technical aspects of frequency
converter network connection have been studied,
yet the conclusions and proposals for acts to be
taken have been left to future projects. Details of
the subjects will be given in final report of
VELKO, part 2 project.

2.6.1 Frequency converter in the
control of a small-scale
hydropower plant

Frequency converters can be utilized in a hydro-
power plant as a control method alternative to us-
ing a variable blade angle turbine or a bank of
fixed blade angle turbines that can be utilized in
different combinations to have the head change as
little as possible (two-point control). The overall
economical feasibility of each of the options is
determined by their investment and operating
(maintenance) costs, and efficiency. The feasibil-

ity of each of the control methods (variable blade
angle, two-point control, frequency converter)
was studied. The usage of the two-point control
and the frequency converter in keeping the head
constant are illustrated in Fig. 2.8 and Fig. 2.9.
Furthermore, the torque characteristics of a fixed-
blade propeller turbine as a function of rotation
speed were measured.

The frequency converter can be used to flexibly
control the output power and thus the head of the
power plant. The produced energy is metered
hourly, and the producer is often credited based
on an hourly-changing price. The price can be,
for example, the hourly Nordpool spot price (or
some fraction of it). This information is publicly
available on the Nordpool WWW site. Typically,
in a small-scale hydroelectric plant, the power
production has a significant impact on the head of
the pool (pool volume is small) and vice versa.
Therefore, it is possible to optimize the power
production so that, as a basic principle, the water
is stored in the reservoir when the price is low,
and released through the turbines when the price
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Figure 2.8. Two-point control. The head is kept as constant as possible by
the use of two generator combinations providing 100 kW and 120 kW.
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Figure 2.9. Head control using a frequency converter. The power can be kept
at constant 110 kW. Compared to the two-point control (Fig. 2.8), switching of
generator circuit breakers is eliminated, and the head is not fluctuating.

Figure 2.10. Generator utilization with optimization based on the hourly price,
an example.



is higher. In the project, a simulation model of the
behavior of the pool was created, and the effects
of different optimization methods were com-
pared. An example of an optimizer-generated
power production sequence during a 24 hours
time is presented in Fig. 2.10. In the example, the
inflow was set to 50 % of the maximum combined
flow of the generators. The income using the opti-
mized combination was increased with 4 % com-
pared to income using constant-head control. The
difference is remarkable for the power plant
owner and thus encourages to produce more en-
ergy when the demand is high.

2.7 Power system impacts of
wind power – IEA
collaboration

Hannele Holttinen and
Bettina Lemström, VTT

International collaboration has been active in
IEA WIND (International Energy Agency, Im-
plementing Agreement on Wind energy). VTT
has participated in the Executive Committee of
the IEA WIND, as well as several research tasks
related to power system impacts of wind power:
Task 21 (Dynamic Models of Wind Farms for
Power System Studies), Task 24 (Integration of
Wind and Hydro power systems) and Task 25 (De-
sign and operation of power systems with large
amounts of wind power, VTT as coordinator).

The Executive Committee of IEA R&D WIND
meets twice a year with a follow-up of wind en-
ergy development and R&D in all participating
countries (20). VTT has gathered and reported
the information of Finland and disseminated the
information from abroad in Finland.

Wind power will introduce more uncertainty in
operating a power system; it is variable and partly
unpredictable. To meet this challenge, there will
be need for more flexibility in the power system.
How much extra flexibility is needed depends on
the one hand on how much wind power there is
and on the other hand how much flexibility exists
in the power system. The existing targets for wind
power anticipate a quite high penetration of wind
power in many countries. It is technically possi-

ble to integrate very large amounts of wind capac-
ity in power systems, the limits arising from how
much can be integrated at socially and economi-
cally acceptable costs.

2.7.1 Task 21 Dynamic models of
wind farms for power system
studies

Large wind power installations may have a signi-
ficant impact on power system stability that must
be assessed prior to installation. Such assessment
is commonly conducted using commercially
available software packages for simulation and
analysis of power systems. These packages nor-
mally facilitate a set of well-developed models of
conventional components such as fossil-fuel-
fired power stations and transmission network
components. However, models of wind turbines
or wind farms represent new features with, in
many cases, unknown accuracy. This at best leads
to uncertainty in the market, and at worst it leads
to an erroneous design jeopardising the power
system stability. The challenge is twofold. First,
the technology in modern wind farms is fairly
complex, and the dynamic behaviour of these
wind farms may differ significantly depending on
the wind turbine type and manufacturer-specific
technical solutions. Second, model validation
must be transparent and adequate for providing
confidence. Task 21 under the IEA Wind Agree-
ment was formed for a coordinated effort aiming
to enhance progress in 2002 with SINTEF En-
ergy Research of Norway as the Operating Agent.

The overall objective of Task 21 is to assist the
planning and design of wind farms by facilitating
a coordinated effort to develop wind farm models
suitable for use in combination with software
packages for simulation and analysis of power
system stability. The Task established an interna-
tional forum for exchanging knowledge and ex-
perience within the field of wind farm modelling
for power system studies. Wind farm models
were developed by the individual participants of
the task, and description and validation of the
models were coordinated by the task, which
helped provide state-of-the-art models and pin-
point key issues for further development. A com-
mon database was set-up for benchmark testing
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of wind turbine and wind farm models as an aid
for securing good-quality models.

Task 21 had participants from nine countries
(Denmark, Finland, Ireland, the Netherlands,
Norway, Portugal, Sweden, the United Kingdom,
and the United States). In these countries, re-
search institutes and universities carrying out
work to develop and test wind farm models. They
also perform grid studies in cooperation with
wind turbine manufacturers and electric utilities.
In total, participants of the task are expected to
contribute more than 20 person-years of work ef-
fort. Cooperation within the task comes from
sharing measurement data, model descriptions,
and discussions at meetings. A total of eight task
meetings were arranged. The task was the first to
present a systematic comparison of wind genera-
tion models against measurements. The test re-
sults give a clear indication of accuracy and us-
ability of the models tested, and pin-point the
need for both model development and testing.

Model developments are still ongoing among par-
ticipants. They include both fixed- and variable-
speed technologies and use various software
tools (Matlab/ Simulink, PSS/E, SIMPOW,
DIgSILENT and EMTDC). The database con-
tains measurements mainly from fixedspeed
wind turbines, but also a small collection of mea-
surements from variable speed wind turbines is
included. A method for benchmark testing of
models has been established by the task, and se-
lected models developed by the task participants
have been tested. The tests include both valida-
tion against measurements and model-to- model
comparisons. They consider dynamic operation
during normal, fault-free conditions and response
to voltage dips. In total, more than 10 models
have been tested, including models of both
fixed-speed and variable-speed wind turbines. A
topic of high interest is the ability of wind tur-
bines to ride through temporary grid faults. If
they can ride through faults they will contribute to
grid stability. Detailed numerical models may be
used to assess such abilities, but these models
must be validated against measurements to pro-
vide confidence. A proposal emerging as a spin-
off from Task 21 is to update IEC 61400-21
(Measurements and assessment of power quality

characteristics of grid connected wind turbines,
ed. 1, 2001) to specify requirements for such test-
ing. This work will continue in 2007.

National project

Participation in the Nordic Energy Research pro-
ject: Large scale integration of wind energy into
the Nordic Grid. 2003–2006.

Additional information about Task 21 can be found
on the Internet at http://www.energy.
sintef.no/wind/IEA.asp.

2.7.2 Task 24 Integrating wind and
hydro power systems

Hydro generators typically have very quick
start-up and response times and may have flexi-
bility in water-release timing. Therefore, hydro
generators could be ideal for balancing wind en-
ergy fluctuations or for energy storage and re-
delivery. Studying grid integration of wind en-
ergy, particularly on grids with hydropower re-
sources, will help system operators understand
the potential for integrating wind and hydro-
power resources. Task 24 under the IEA Wind
Agreement was formed for a coordinated effort
aiming to enhance progress in 2004 with NREL,
US as the Operating Agent (2004–2008).

The task has established an international forum
for exchange of knowledge, ideas, and experi-
ences related to the integration of wind and
hydropower technologies within electricity sup-
ply systems. In addition, the IEA Wind Task 24
works in cooperation with the IEA Hydropower
Implementing Agreement, which is investigating
integration of hydropower and wind through a
complementary set of investigations. The goal is
to identify technically and economically feasible
system configurations for integrating wind and
hydropower, including the effects of market
structure on wind-hydro system economics with
the intention of identifying the most effective
market structures. The outcome will be a consis-
tent method of studying the technical and eco-
nomic feasibility of integrating wind and hydro-
power systems, the ancillary services required by
wind energy, as well as an understanding of the
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costs and benefits of and the barriers and opportu-
nities to integrating wind and hydropower sys-
tems.

Participants of the task are contributing a wide va-
riety of case studies, with some representing small
systems (<1,000 MW peak load), such as Grant
County Public Utility in Washington State, USA,
to large systems (>35,000 MW peak load) such as
Hydro Quebec. There is also a wide variety of
hydropower facilities, with some being essentially
run-of-the-river with little storage capacity (a day
or two), to very large hydro plants with multi-year
storage capability. This diversity should allow for
a comprehensive look at the grid integration sce-
narios (Australia, Canada, Finland, Norway,
Sweden, Switzerland and United States).

The case studies are divided in four categories:
1) grid integration, 2) hydrologic impact, 3) mar-
ket and economics, and 4) simplified modelling
of wind-hydro integration potential. The wide va-
riety of hydropower installations, reservoirs, op-
erating constraints, and hydrologic conditions
combined with the diverse characteristics of the
numerous electrical grids (balancing areas) pro-
vide many possible solutions to issues that arise.
Depending on the relative capacities of the wind
and hydropower facilities, integration may neces-
sitate changes in the way hydropower facilities
operate in order to provide balancing or energy
storage. These changes may affect operation,
maintenance, revenue, water storage, and the
ability of the hydro facility to meet its primary
purposes. Beyond these potential changes, inte-
gration with wind may provide benefits to the hy-
dro system related to water storage or compliance
with environmental regulations (e.g., fish pas-
sage) and create new economic opportunities.
Economic feasibility of wind and hydro integra-
tion project will depend on the type of electricity
market considered. Addressing economic feasi-
bility in the electricity market will provide insight
into which market types are practical for wind-
hydro integration, as well as identify the key fac-
tors driving the economics. Simplified methods
for approximating the amount of wind power that
can be physically or economically integrated
with existing hydropower generation should be
devised based on the characteristics of the local

transmission control area loads, hydropower fa-
cilities, and the wind power resource. The analy-
sis methods should include only the most influen-
tial operational constraints for hydro and electric
reliability concerns. The goal is to develop a tech-
nique to approximate the potential for integrating
wind and hydropower without the need to con-
duct an in-depth study.

The Finnish national project in DENSY pro-
gramme has studied two case studies. Simula-
tions with model WILMAR with hourly time
steps has been used to study the Nordic electricity
market with large amounts of wind power
(Kiviluoma and Holttinen, 2006). Analyses of a
single producer with limited amount of hydro
power show that adding wind power as distrib-
uted wind farms along the West coast of Finland
can be handled cost effectively either by the spot
and regulation market or by the hydro and ther-
mal production units, up to same capacity of wind
power as the capacity of hydro power (Holttinen
et al, 2007).

By the end of 2007, five meetings of the Task par-
ticipants had been held, reporting progress on all
case studies. Final report is due in late 2008. Ad-
ditional information about Task 24 can be found
on the Internet at http://www.ieawind.org.

2.7.3 Task 25 Design and operation
of power systems with large
amounts of wind power

In recent years, several reports have been pub-
lished in many countries investigating the power
system impacts of wind power. However, the re-
sults on the costs of integration differ substan-
tially and comparisons are difficult to make due
to using different methodology, data and tools, as
well as terminology and metrics in representing
the results. Estimating the cost of impacts can be
too conservative for example due to lack of suffi-
cient data. An in-depth review of the studies is
needed to draw any conclusions on the range of
integration costs for wind power. This requires
international collaboration. Task 25 under the
IEA Wind Agreement was formed for a coordi-
nated effort in 2005 with VTT Finland as the Op-
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erating Agent, for years 2006–2008. There are 11
participating countries (Denmark, Finland, Ger-
many, Ireland, Norway, Netherlands, Portugal,
Spain, Sweden, UK and USA) and EWEA.

The ultimate objective is to provide information
to facilitate the highest economically feasible
wind energy penetration within electricity power
systems worldwide. Task 25 supports this goal by
analysing and further developing the methodol-
ogy to assess the impact of wind power on power
systems. The Task has established an interna-
tional forum for exchange of knowledge and ex-
periences related to power system operation with
large amounts of wind power. The participants
collect and share information on the experience
gained and the studies made up to and during the
task. The case studies will address different as-
pects of power system operation and design: re-
serve requirements, balancing and generation ef-
ficiency, capacity credit of wind power, efficient
use of existing transmission capacity and require-
ments for new network investments, bottlenecks,
cross-border trade and system stability issues.
The main emphasis is on the technical operation.
Costs will be assessed when necessary as a basis
for comparison. Also technology that supports
enhanced penetration will be addressed: wind
farm controls and operating procedures; dynamic
line ratings; storage; demand side management
DSM etc.

The task work started with a state-of-the-art re-
port collecting the knowledge and results so far.
The task will end with developing guidelines on
the recommended methodologies when estimat-
ing the system impacts and the costs of wind
power integration. Also best practice recommen-
dations will be formulated on system operation
practices and planning methodologies for high
wind penetration.

By the end of 2007, five meetings have been or-
ganised, mapping the on-going wind integration
projects and the main results obtained so far.

National project of Finland has case studies on
the Nordic electricity market and the transmis-
sion and stability analyses for Finland.

Additional information about Task 25 can be
found on the Internet at http://www.ieawind.org

2.8 Energy storage applications
in distributed power system
management

Environmental questions, open electricity market
and the need for more reliable and efficient elec-
tricity distribution are among the driving forces
for distributed energy generation and systems.
Energy storage is seen as a key technology for
promoting the wider implementation of distrib-
uted energy systems. The use of energy storages
would provide a proper energy management,
power quality and improve energy efficiency.

Distributed power generation is defined as a
small scale generation near the customers includ-
ing renewable energy, solar and wind generation.
Especially solar and wind energy productions
have been rapidly increasing. A typical feature of
the renewable energy generation is an irregular
output with stochastic power variations and
breaks. These variations are not usually detect-
able above normal variations in supply and de-
mand, but when the amount of irregularly varied
power generation exceeds the performance limits
of the local network, it can have an influence on
the power quality and system reliability. The out-
put power smoothing and limitation may be
needed in a weak, low-voltage electrical grid es-
pecially when uncontrollable wind power gener-
ation is very high. Output power management is
also needed if the distribution grid can have an
autonomous microgrid operation mode.

Output power smoothing during different types
of power variations and breaks is a typical exam-
ple of the application of energy storages. Energy
storages can also be a solution for different net-
work management problems and can also im-
prove the efficiency, flexibility and convenience
of the overall use of electrical and thermal energy,
and they can also support the existing qualifying
standards, regulations and recommendations for
network power quality and control (Table 2.2).
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Generally, customers’ demands for higher power
distribution reliability and power quality are in-
creasing. Among the other power quality and reli-
ability improving devices and systems, a power
quality station with energy storages is a solution
for different power quality demands of custom-
ers. Direct current distribution is an old solution,
but it is nowadays considered again as a power
distribution solution that could provide more
overall energy-efficient and techno-economi-
cally improved systems. Energy storages can be
seen also an important technology to support
peak load management and the efficiency of
overall demand size management.

In the DENSY program, VTT has had research
projects ENVATUULI, ENVADE and EN-
VADE+, which have included various techno-
economical studies, simulations and demonstra-
tions of energy storage technology and its solu-
tion in different power distribution tasks. The
main research areas have covered energy storages
for the network management with wind power
systems and UPS, with power quality sys-

tems/stations, in DC distribution systems and
microgrids; one of the research areas has also
been the control and improvement of the opera-
tion and maintenance reliability of a weak electri-
cal network. The research has been made in co-
operation between universities (Helsinki Univer-
sity of Technology and the University of Vaasa).
The projects have been funded mainly by Tekes
but also by a number of companies (see attached
list) and VTT.

2.8.1 Energy Storages to support
wind power and weak
networks management

Energy storages can be used to improve wind
power management especially when uncontrolla-
ble wind power is interconnected to a weak net-
work or into islanding capable microgrid.

Stochastic power variations are typical for the
wind power and PV production. Both the real and
reactive power output can include a large amount
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Time scale Target Driving force examples Storage requirements Energy storage type

Very fast
(ms)

Power quality
control, smoothing

Power quality standards,
regulations,
recommendations

Very fast, very high
cycle life, power
demand varies

Electrostatic/
electro-chemical (super)
capacitors, SMES,
flywheels

Fast
(s)

Power quality
control, smoothing

Power quality standards,
regulations,
recommendations

Very fast, very high
cycle life, power
demand varies

Electro-chemical (super)
capacitors, SMES,
flywheels

Medium fast
(min)

Power quality
control, smoothing

Power quality standards,
regulations,
recommendations

Fast, high cycle life,
power demand varies

Super-capacitors,
flywheels, batteries

Slow
(h)

Power smoothing,
management of
peak power,
breaks etc.

Power production
reliability, economical
aspects

High power, high energy,
proper cycle life

Batteries,
flow batteries, fuel cell+
electrolysator, CAES,
pumped hydro

Very slow
(d, m)

Energy
management

Power production
reliability, economical
aspects

High energy and power Batteries,
flow batteries, fuel cell+
electrolysator, CAES,
pumped hydro

CAES (Compressed Air Energy Storage), SMES (Superconducting Magnetic Energy Storage)

Table 2.2. Energy storages in power distribution applications.



of variations at different frequencies and ampli-
tudes and numerous interruptions of different
lengths mainly because of wind variations (Table
2.3).

Variations and especially breaks at the network
connection point decrease remarkably when tur-
bines are connected as a wind park. Also the wind
turbine system design and control strategy im-
pacts on the amount of output power variations.
Wind turbine output power variations are nor-
mally insignificant, but they can be harmful in
weak networks and in microgrids capable of
islanding. Fast variations are usually only seen as
the flickering of lights, but breaks can be harmful
and costly even if power companies are obligated
in certain cases to compensate the costs. The cost
of power outages varies according to the con-
sumer type (Table 2.4).

Table 2.4. Cost of power outages according to
a consumer type.

Requirements for energy storages described in
Table II are relevant also in wind power manage-
ment. Combination of a fast power storage tech-
nology with a slower high energy storage will

provide an ability to smooth fast energy peaks to
ensure power quality, and, on the other hand, to
smooth slower energy variations and manage
power production interruptions. A currently
commercially available, applicable solution is a
combination of electrochemical (super/ultra) ca-
pacitors and batteries. There are two basic con-
cepts to connect a dual storage system (DC
sources) to a wind turbine concept. In the follow-
ing picture (Figure 2.11), there is a dual energy
storage system connected A) to the directly grid
coupled asynchronous generator output before a
network transformer, where the storage system
works as a power quality station and B) into the
DC link of the wind turbine network converter.

A dual storage system can be controlled with re-
spect to various aspects:
• Limit maximum output power (Figure 2.12, A)
• Sustain minimum output power
• Smooth output power (Figure 2.12, B)
• Maximize profit from electricity trade
• Support load management e.g. peak shaving

Financial benefits can be reached with dual stor-
age system using advanced multifunctional (sys-
tem performance, cost, time etc.) wind turbine
output power control if the electricity price fol-
lows the power demand and/or is sufficiently
high and the storage system has the same subsi-
dies as the wind turbine.

Energy storages can be exploited in the control of
electrical network and especially in the support of
a weak network operation and maintenance reli-
ability and in the forming of microgrids. In con-
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Time scale

Caused by

Very fast

f> 0.1Hz

Fast

f< 0.1Hz

Medium fast

Minutes

Slow

Hours

Very slow

Days (months)

Tower shadow effect X

Wind gusts X

Local variations of wind speed X X

Long period wind speed
variations, time of day,
weather, season, maintenance

X

Table 2.3. Types of power variations or breaks in wind power production.

Consumer type Break time

2 min 1 h

Private 0.7 €/kW 6.5 €/kW

Service 1.8 €/kW 24.9 €/kW

Public 4 €/kW 30 €/kW



trolling of the maintenance reliability, the energy
of the storage has to be adequate. Depending on
the target, a relatively high power is also often
needed, and therefore there is also a need for the
combination of high energy capacity and high
power. When a microgrid is formed due to a fault,
there is a requirement for fast control and accu-
racy of the network linkage unit of the energy
storage.

The studies show that in the case of a main
feeder fault, it is technically possible to shift
smoothly to the island mode with the help of en-
ergy storages. However, the most serious prob-
lem is often the high cost of the energy storages.
When the load is increasing in a weak electrical
network, the typical solution is often to rein-

force the grid, which is very expensive. In that
kind of a situation it might be economically rea-
sonable to substitute or shift reinforcements and
use energy storages rather than for example to be
able to run network with average power instead
of the peak power.

2.8.2 Energy storages and power
quality station

Power quality management has become a more
interesting issue because the demand for power
quality, the amount of distributed energy and the
amount of electrical components has been grow-
ing. Power quality control includes for example
the control functions for harmonics, reactive
power and voltage unbalance.
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Figure 2.11. Schematic diagram of a dual energy storage system and A) a directly grid coupled
wind power generator, B) a variable speed wind power generator.

Figure 2.12. Dual storage system in wind turbine output power management A) battery bank limits
output power and B) supercapacitors smooth fast variations.



Various devices, systems and concepts have been
developed to control power quality. Flexible AC
Transmission Systems (FACTS) include devices
such as static synchronous compensators (STAT-
COM), static Var compensator (SVC) and power
factor correction capacitors (PFCC). Energy
storages used with FACTS devices can improve
the system performance. FACTS are mainly used
in high and medium voltage grids.

A new idea for the power quality management of
a low voltage distribution is a centralized power
quality station that is capable to produce different
power quality for the groups of end-customers
with different demands. A concept of power qual-
ity station includes reserve power and UPS (un-
interruptible power) systems and energy stor-
ages. Power quality levels can vary from the basic
quality that is sufficient for ordinary single family
houses to the uninterrupted high premium quality
power for hospitals and other similar demanding
customers (Figure 2.13).

The main functions of the concept include power
quality, distribution reliability and energy man-
agement (Figure 2.14). The balance of the func-
tions can be modified according to the demands.
The concept can be placed with consumption or
production systems. The power quality station
can also be placed in the distribution network,
which allows electrical companies to sell e.g. re-
liability and power quality services.

Energy storages used with a power quality station
can be e.g. different kinds of batteries, flywheels
and supercapacitors depending on the required
functions. The capacity needed varies according
to the functions (Figure 2.14).

The power quality station can be also seen as a main
part of the microgrid that has autonomous function
mode. The following illustrations present different
modes of the power quality station that consists of a
series and shunt converter and energy storages in-
terconnected to the DC link of the converters.
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Figure 2.13. Example of the centralized power quality station, power quality levels and
potential customers.
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According to the results of the PSCAD simula-
tions the above-presented power quality station
system with energy storages can solve many of
the power quality problems: 1) The shunt con-
verter of PQC can compensate the microgrid cur-
rent harmonics and reactive power, 2) The series
converter of PQC can eliminate utility grid volt-
age sags and utility grid voltage imbalance and 3)
Islanding and island operation is possible unin-
tentionally or intentionally by the developed
adaptive configuration and control system of
PQC shunt converter, and with that the instanta-
neous voltage control and power balance man-
agement in islanded microgrid with low har-
monic distortion is possible.

Both the customers and the power companies
gain from the benefits of power quality station,
such as the good power quality and high reliabil-
ity. The system can also improve energy effi-
ciency, and it eliminates the need of separate re-
serve power systems of customers. The benefits
of power quality systems are observed world-
wide, and for example similar types of power
quality stations as described above are already
implemented in Japan.

2.8.3 Energy storages in direct
current distribution systems

Direct current (DC) was earlier used in industrial
and general power distribution, and for example
in Helsinki it was partly used in the power distri-
bution even until the 1950s. Nowadays DC is
commonly used in long undersea high-voltage
power connections because of smaller power
losses and costs and better power management.
Medium-voltage DC links are used e.g. in off-
shore wind plant connections, and both medium-
and low-voltage DC distribution systems are

common in the connections of large industrial
drives and in railway and ship electrification sys-
tems. Lately, DC has been considered also for
general medium- and low-voltage power distri-
bution even for residential low-voltage power
distribution, where it could bring more benefits
for example because of the overall increase of DC
components and devices such as information
technology equipment and PV systems. Espe-
cially DC is seen a viable solution with the dis-
tributed energy system, where the DC network
interconnection would be more convenient and
efficient.

Direct current distribution could be implemented
in many voltage levels having different topolo-
gies (Figure 2.16). Ring networks, distributed
power generation and energy storage systems
support distribution reliability and power quality
and make possible to build microgrids that have
an islanding capability.

A DC distribution described above (Figure 2.16)
could be implemented with currently existing de-
vices (transformers, circuit breakers, converters,
cables, protection relays) but the device selection
is very limited, and therefore further device and
system development is needed. Specific stan-
dards and implementation guidelines, espe-
cially standards and rules for voltage levels, pro-
tection and network interconnections would im-
prove the system implementation and expedite
the product development.

Considerable benefits on power quality can be
seen to be achieved with DC systems compared
with AC systems especially when systems are
provided with energy storages. However, protec-
tion, fault management and distributed DC net-
work control systems would need further studies
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Function Energy storage power Discharge time Energy storage

Power quality control 0.01 x Pload 0−1s Supercapacitors, batteries

Distribution reliability control 1 x Pload 1s −15min Batteries, flywheels etc.

Energy management 0.1 x Pload 15min−24h Batteries

Table 2.5. Estimated energy storage capacity in different functions.



and development. Advanced devices such as
fault-limiting circuit-breakers and converters
with a bi-directional current control switch or an
anti-parallel ETO (emitter turn-off) thyristor
would limit the short-circuit current and the fault
time and thus provide a proper fault management
system. The control system of a distributed DC

network with several parallel DC converters has
an important role in the load and fault manage-
ment. Control method can be centralized (Figure
2.17) or de-centralized. Suitable control methods
for DC distribution can be e.g. voltage droop, av-
erage current, master-slave and central limit
methods.
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Figure 2.16. An example of direct current supply options in power distribution.

Figure 2.17. Centralized control method in rural medium voltage
power distribution.



Distributed power generation and storage sys-
tems can improve the DC network energy man-
agement and customer-level power quality. DC
microgrids capable of islanding can be imple-
mented at different levels of the distributed DC
network. Local power production and energy
storages can be placed at the local power distribu-
tion level and/or they can be placed on the cus-
tomer’s side. Energy storages play an important
role in power and voltage management and in
power production optimization also in DC distri-
bution (Figure 2.18). Own power production and
energy storages bring new opportunities also for
small power producers for electricity trade.

Cost comparison between AC and DC distribu-
tion systems has shown that low-voltage DC dis-
tribution can be more cost efficient than AC dis-
tribution. Cost comparison of medium voltage
AC and DC systems and the customer-level sys-
tems is difficult because of the limited device
availability. Investment costs of medium- voltage
level implementation can be higher with the DC
system, yet clear benefits can be seen in the cost
of losses (about 1/3 of the AC system losses). The
positive price development of converters (about
-5 %/a during next 10 years) would remarkably
improve the DC system cost efficiency and com-
petitiveness compared to AC systems.

In the near future, MVDC and LVDC distribution
can be seen to be used in the power distribution of
data centers, in-feed to city centers and in power

supply of small islands or offshore wind systems.
Potential areas are also in-feeds of other urban ar-
eas, such as shopping centers and large office
building centers, but DC might be also seen in
limited areas of a consumer-level electricity dis-
tribution.

2.8.4 Supercapacitors, SUPER

At VTT there have been four research teams in-
volved. These teams have developed carbon elec-
trodes, conductive polymer electrodes, solid ion
conducting electrolytes and liquid electrolytes.
At Åbo Akademi the work has been done at Pro-
cess chemistry group. This work has included
electrochemical characterization, especially
voltammetric measurements. At Helsinki Uni-
versity of Technology the work done in the Power
Electronics Laboratory has included a study for
measuring the impedance characteristics of a
supercapacitor, a literature study of circuit topolo-
gies and a Master’s Thesis. Circuits for balancing
supercapacitor systems have been implemented.

The work has included the following topics:
• Carbon electrodes having very high specific

surface area (carbon powder/carbon cloth)
– Improvement of electrical conductivity to

minimize losses
– Advanced electrolytes

• Completely polymeric dry supercapacitor
– Economic manufacturing method for

thermally stable polymer electrolyte
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– Optimization of chemical or electrochem-
ical synthesis for the production of
polyaniline or other conductive polymer

• Power electronics for supercapacitors
– Voltage balancing in series connection
– Voltage stabilization during charge and

discharge
– Dc-dc converter

Different activated carbon powders have been
used for processing supercapacitor electrodes.
Some tests have also been done using a cloth
made of activated carbon. Mechanically rela-
tively strong electrodes have been made with
polymer binder. Both PVDF and PTFE have
binders have been applied. The performances ob-
tained for propylene carbonate and acetonitrile
organic electrolytes have been compared. With
organic electrolyte the measured specific capaci-
tance values have been of the order of 20–40
Farads per 1 gram of carbon. Beside capacitance
also series resistance, leakage current and energy
efficiency have been defined.

The normal test structures having plate-like struc-
ture have been prepared from almost all material
combinations developed during the project. Select-
ed materials have been applied in manufacturing
cylindrical supercapacitors. This geometry would
be the choice also for commercial components.

Polyaniline and polyortotoluidiinin electrodes
have been synthesized electrochemically onto
carbon cloths and powders. Tests show that spe-
cific capacitance can be appreciably improved
with these materials. Specific capacitance of
about 100 F/g has been achieved.

The synthesis process for sulfonated polyethe-
retherketone (SPEEK) electrolyte film has been
developed. The film presents good mechanical
stability when dry. According to thermal tests the
SPEEK film is more stable at high temperatures
than PTFE based Nafion. Capacitors having
Nafion electrolytes have been constructed. In
these capacitors carbon cloth was used as elec-
trodes. The capacitance values measured have
been 34 F/g which is slightly better than the ones
reported in the literature. A stack of four Nafion
capacitors has been done.

Electrochemical characterization procedures for
supercapacitors using voltammetric measurement
and impedance spectroscopy have been devel-
oped. Commercially available supercapacitors
were measured and the results showed the meth-
ods were reliable. A voltammetric measurement
method was tailored for characterizing the active
surface area of carbon powder and electrodes.

The charging of the double layer has been studied
with chronoamperometric techniques, using a
model carbon powder and a model organic elec-
trolyte. A charge separation within the diffuse
layer has been identified and measured, as well as
its relaxation. Total charges associated with the
charging of the double layer has been identified
and quantified.

Commercially available supercapacitors have
been tested electrically using Arbin supercapa-
citor test station. Also long-term and low-temper-
ature test have been performed. This device was
applied also for measuring self-made compo-
nents. The commercially available supercapa-
citors and those made in the project have been
compared. The comparison shows that the spe-
cific capacitance of the commercial components
has been surpassed and internal resistance is of
the right level but leakage current should still be
decreased.

A survey has been made of balancing circuits and
dc-dc converter topology. The balancing can be
done using either passive or active solution. Pas-
sive balancing is preferred since it is cost effec-
tive compared to an active balancing circuit. Im-
provement in manufacturing tolerances of super-
capacitors is making balancing circuits obsolete.
Characteristics of balancing circuits have been
researched with a special instrument designed for
the purpose. According to the literature survey
the best topology for the dc-dc converter seems to
be a solution based on a half- bridge, although the
most suitable implementation for each applica-
tion must be evaluated separately.

An approach of utilizing power electronics with
supercapacitors for energy storage was presented
in an MSc thesis. In this thesis charging charac-
teristics of one Maxwell PC10 supercapacitor
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have been studied. The bigger supercapacitor is
the larger current for the measurement is needed.
If an estimate for the capacitance is needed it
should be measured with an electrical load sink-
ing constant current according to the operating
conditions. Charging studies showed that
supercapacitor should be regarded as a DC-com-
ponent and the frequency response doesn’t have
much significance when considering practical
applications. Supercapacitor serves as a bypass
for high frequency ripple component and this rip-
ple should be taken into consideration if calcula-
tions for maximal operating temperature are
needed. Power Electronics Laboratory has pur-
chased a prototype for charging and discharging a
supercapacitor bank and studies with a micro-
controller have been made in order to replace the
voltage control with digital one, which is now im-
plemented analogically.

Two patent surveys of supercapacitor structures
have been done, one in the beginning of the pro-
ject and one in 2007.

The results will be utilized by the companies that
participate the management group. The technol-
ogy that is developed during the project can be

used in industrial manufacturing of supercapa-
citors or their raw material. The experience of
supercapacitors and power electronics obtained
from the project is essential when supercapa-
citors are applied in energy storage systems.

2.9 Simulation and laboratory
facilities

2.9.1 Development environment for
distributed generation.
Research platform
MULTIPOWER

During the last years several different independ-
ent energy production and operational testing en-
vironment have been realised in different re-
search projects at VTT, Espoo. In Multipower
project the existing separate testing systems were
integrated for a complex DG testing environment
so that in the future different technical solutions
for distributed energy systems can be tested in a
multioperational  environment.  In  the  environ-
ment, which was build in the project, different
parallel testing circuits can be created. for simul-
taneous tests. Moreover, in the project validation
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Figure 2.19. Multipower DG testing platform at VTT.



of the control- and simulation tools with the plat-
form characteristics were performed to the lim-
ited extend. During the project also a service con-
cept for the component and system development
utilization with the DENSY program projects
was created.

Environment today consists of diesel generator
units (1.6 MVA, 60 kVA), microturbine (100
kVA), rotating and static loads, and optional wind
power generator emulator (< 500 kVA), storage
(30 kVar) and fuel cell power unit (5 kW).

Platform will be used for domestic and interna-
tional needs into the product and system develop-
ment as well as approval test by the Finnish re-
search parties. It forms one essential element in
the product development process.

MULTIPOWER platform can nationally and in-
ternationally be used for example as a testing site
for the components and generation units of a DG
system, as a platform for the validation of the
control and management system of a DG distri-
bution system, for the production optimisation in
the multi production systems, as well as it acts as
a platform for the component and system integra-
tion tests.

MULTIPOWER testing environment has also
been introduced also for the European Network
of DER Laboratories and Pre-Standardisation for
its possible membership.

2.9.2 Simulation environment

An extensive computer-based simulation envi-
ronment was created by VTT and the University
of Vaasa. This environment can be applied in
studies related to the analysis and design of grid
interconnection of various types of distributed
generation. The primary aim was to create a col-
lection of simulation models representing vari-
ous types of networks and generators. The net-
work models serve as a basis for the simulation
environment, and the user will have a free choice
to include a desired selection of various distrib-
uted generators into the network model. In addi-
tion to these the aim was also a have library of
models representing the protection relays and
control systems. The primary tool applied in the
projects was PSCAD, which is a well-known
power system transient simulation tool.

Both medium- and low-voltage network models
were developed representing typical Finnish net-
works. Also several network models representing
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typical networks found in foreign countries were
developed. The number of alternative system ar-
rangements around the world is large, and thus it
was possible to model only some key alternatives.

Also the models for the common protection re-
lays applied in various types of networks were de-
veloped. To be exact, these models do not exactly
represent protection relays that are nowadays
more or less multifunctional, but merely the vari-
ous protection functions included in the relay
software. Also models for the relays applied es-
pecially with the distributed generation were in-
cluded in the model library. For the low voltage
networks models representing standard fuses
were developed.

In the power plant models the main aim was to
have electrical parts modeled as exactly as possi-
ble, while the representation of the primary en-
ergy source was kept less detailed. In practice this
means that for modeling a solar power plant, a
simple inverter model was created, where the en-
ergy source (i.e. solar cells) is represented by a
constant voltage source. The same model can ac-
tually represent quite well any power plant that
has an inverter-based interface on the network
side. However, in practice there are certain differ-
ences in the inverter control principles. For this
reason, basic models applying several alternative
control arrangements were developed.

For the rotating-machine-based generators, the
approach was to use constant torque applied to
the shaft. An exception of this was the diesel gen-
erator, which also includes a model for the engine
and its control system. One of the highlights of
the project was the development of a model for
the doubly fed induction-generator-based wind
power plant. The model includes accurate repre-
sentation of the converters at the rotor circuit and
the advanced control and protection systems re-
quired.

In addition to generator models, simple models
representing energy storages, a battery and
ultracapacitor, have been developed.

To verify the modeling technique applied, it was
necessary also to model some real systems. For

instance, a model representing the Olos wind
farm was created. This wind farm is located on
top of the Olos fjeld in Northern Finland, in Lapl-
and. In this system, also disturbance measure-
ments were made so that it was possible to com-
pare the model behavior with the behavior of the
real system in various fault situations.

At Lappeenranta University of Technology
(LUT) the primary goal was to model the small-
scale hydropower production chain from the wa-
ter reservoir to the grid. The modeling was car-
ried out for the analysis and verification pur-
poses. The models were created using PSCAD
and Matlab Simulink software packages. The
modeled system consists of grid, back-to-back
converter, permanent magnet synchronous gen-
erator (PMSG) and fixed blade propeller turbine.
The turbine is the part of the hydropower plant.
The plant model includes the models of the reser-
voir, the penstock and the turbine. The PMSG is
rotational speed controlled by the generator in-
verter. The interface to the network was realized
using pulse width modulated (PWM) rectifier.
This kind of interface could also be applied when
modeling other distributed generation systems,
for example, renewable energy sources such as
wind turbines and solar power plants.

The models used to describe the hydropower gen-
eration include the transfer function models from
the position of the gate to the electric power gen-
erated by the generator. More applicable model
was developed at LUT to describe the dynamics
of the low-head hydropower plant. Still, the ideal-
ization had to be made concerning the fluid dy-
namics of the penstock in order to model the wa-
ter flow using the constant coefficient nonlinear
differential equations. However, with the model
the impact of the inertia of the water to the gener-
ator power production could be examined. That is
essential when the different failures on the grid
side are studied. Also influence of the speed con-
trol of the PMSG to the water flow in the penstock
could be studied, which was impossible when us-
ing the transfer function models.

In addition to active interface hydropower plant
model the directly network connected PMSG
hydropower plant was developed. Because the
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PMSG was directly connected to the network, the
PMSG was modeled with the damper windings.
The purpose of the model was to compare the re-
sults with the directly network connected PMSG
manufactured at LUT when used at small-scale
hydropower production. Moreover, several dif-
ferent models were created in order to examine
the benefits that could be achieved when using
the active front-end. The active filtering and reac-
tive power compensation features of the PWM
rectifier were tested (Peltoniemi, 2006). Espe-
cially, the reactive power compensation was stud-
ied when used in parallel with the directly net-
work connected PMSG.

2.9.3 Integration of real-time
simulation environments
RTDS and dSPACE

The power electronic and power system related
studies are yet performed more or less separately.
It can be seen that novel combined simulation en-
vironments could be useful. RTDS is a real-time
simulation tool for power system studies and
dSPACE is a similar tool for computer-aided con-
trol systems. Combining these tools could offer a
suitable environment for studying the interac-
tions between the power system and power elec-
tronic sides. Although the aggregate impact is
studied, both power system and power electronic
sides can still be modeled with familiar tools and
models, which is one of the main benefits of inte-
grating the systems. In Tampere University of
Technology, the combined environment has been
tested for studying active power filtering (Par-
katti, 2006), (Mäki, 2006a) and wind power units
(Tuominen, 2006), (Tuominen, 2007), (Mäki,
2007a).

From the power system’s viewpoint, the inte-
grated research platform enables more realistic
studies in the cases in which power electronic de-
vices are connected to the network. Determining
the adequate level of modeling the more complex
devices has always been a problematic issue.
Using the dSPACE for power electronic model-
ing saves the calculation resources of the RTDS.
The dSPACE could also be used to run Matlab

models as a part of the simulations without con-
verting them to RTDS. However, the capacity of
the data transmission as well as possible delays
between the systems must be taken into account
when utilizing the dSPACE for sharing the calcu-
lation loading.

From the power electronics viewpoint, it is very
useful to see how the whole power system affects
the converter performance. It is also beneficial to
observe how the converter actually changes volt-
ages of the power system interface when the con-
verter is running. Normally these experiments are
completed by making a prototype and testing it in
a real power system. Integrated simulation envi-
ronment is needed when we want to advance from
offline-simulation and see how power electronic
affects the power system without building a pro-
totype. Also, the real-time simulation can help to
simulate the operation of converters and the
power system in different fault situations without
damaging the real prototype or disturbing the
power system.
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3 Heating, cooling and cogeneration systems

3.1 List of projects

Lappeenranta University of Technology
Optimal design of a biofuel power plant
Date of funding decision: 10.2.2005
Research project, finished

Helsinki University of Technology
Power 10 kW and heat from wood pellets /
HUT
Date of funding decision: 10.1.2005
Research project, finished

University of Jyväskylä
Power 10 kW and heat from wood pellets /
JYU
Date of funding decision: 15.12.2004
Research project, finished

VTT Processes
Power 10 kW and heat from wood pellets /
VTT
Date of funding decision: 15.12.2004
Research project, finished

Lappeenranta University of Technology
Displacement engine processes
in distributed energy supply
Date of funding decision: 19.5.2004
Research project, finished

Helsinki University of Technology
Indirect feeding of biofuels in microturbine
processes
Date of funding decision: 22.4.2004
Research project, finished
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Wärtsilä Biopower

A world leading manufacturer of small power plants, Wärtsilä BioPower looked for support
from DENSY four years ago to extend their subcontractor chain and to develop new, envi-
ronment friendly products. The company target was to intensify the realization of customer
projects and strengthen the expertise in selected product sectors. To achieve these targets,
Wärtsilä participated in DENSY both as a sponsor company and as an applicant for the R&D
financing.

Wärtsilä carried out two product development projects as part of the DENSY program. The
first focused on research of technology for purifying the smoke gas emissions of the
BioPower plants. Wärtsilä BioPower expanded fuel selection from boreal wood to agricul-
tural biomass and tropical wood, and minimized fine particle emissions of the plant.

Wärtsilä’s other project concentrated on industrial production of the biopower plants. The
company developed a modular biopower plant that can be quickly designed and built.

According to Wärtsilä, the biopower market has undergone a remarkable change in the past
few years. The limits on emission rates accelerate the sales of low emission power plants,
especially in Europe. Furthermore, the modular power plant structure turned out to be the
right decision, because it facilitates the overall responsibility for the delivery, makes building
faster and thus enables realization of larger power plant series.
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Savonia Power Oy

Savonia Power Oy developed the use of CHP in the production of power and heat. The
project target was to make the power production cost-efficient in smaller units than previ-
ously. The research was conducted in cooperation with Lappeenranta University of Tech-
nology. The key technology of Savonia Power is CHP, which combines a steam turbine, a
power generator and a feed water pump. The combination enables a good allround effi-
ciency of 80-85 percent, also when operating in the power category below 10 megawatts
or with partial capacity. Power production module can replace a traditional steam turbine
or it can be connected to steam boiler environments.

”Our asset is the small volume of power production, lightness and short repayment period.
In the Nordic countries, our solution is particularly suitable for use in saw mills, forest in-
dustry and municipal heat plants. It uses local bio fuels efficiently and with exceptionally
low emissions in its volume category”, says Hannu Nissinen, the CEO of Savonia Power.

The small volume power production is based on utilising the inverter technology. Due to
this technology, the power plants do not need a gear box or lubrication. Consequently, the
steam is clean of oils and there is no need to invest in a lubrication system.

Condens Ltd

Condens Ltd based in Pori has developed a efficient gasification power plant in the
DENSY-programme. The low emission gasification plant uses biomass fuel.

The 7 MW Novel gasification plant with the new method of gasification developed by
Condens Ltd and VTT Processes was introduced in Kokemäki in early 2005. The demon-
stration plant turns wood fuel into gas and burns it in three gas motors to produce electric-
ity and district heat. The new plant type produces 50 percent more electricity from bio fuel
in comparison with traditional steam operated small plants.

The gasification technique used by Condens is based on forced fuel feeding. Biomass and
waste are used more efficiently than before without expensive handling. The technique
also improves the cost-efficiency of combined power and heat production. Furthermore,
the target of the development work is to map out the emissions of the gasification plant
and optimal cleaning process. Novel gasification plant uses catalytic cleaning, a bag filter
and a wet scrubber.

According to Ilkka Haavisto, the Managing Director of Condens Ltd, the main market for
the gasification plants is outside Finland.

”The Nordic view on biomass is radically different from that of the rest of Europe. In Fin-
land, wood is seen as fuel and there is an organised market for it. We open windows for
new ways of thinking, and the interest in using biomass is increasing especially in South-
ern Europe.



Åbo Akademi University
Integration of heating and cooling
in regional and building systems
Date of funding decision: 15.4.2004
Research project, finished

University of Jyväskylä
Power 10 kW and heat from wood pellets
Date of funding decision: 26.2.2004
Research project, finished

Mikkeli Polytechnic
Technical and economical constraints
delivery of heat energy
Date of funding decision: 27.11.2003
Research project, finished

VTT Processes
Technical requirements for heat trade
in the district heating network
Date of funding decision: 4.9.2003
Research project, finished

49

Greenvironment

Originated in Lahti, Finland, Greenvironment has grown in the past five years from a local
mircoturbine developer to a leading company in the area of combined heat power using
biogas to fuel microturbines operating now in Germany. The growth is due to combining a
long-term product development to a needy market and creating a unique operating con-
cept.

Greenvironment started its product development with the aid of the Tekes’s technology
programmes DENSY and Climbus. After years with microturbine technology
Greenvironment discovered an appealing market in Germany that has taken into use
feed-in-tariffs for renewable energy and advanced technology. Greenvironment created
an unique concept to sell bioenergy: fuelVALUE.

FuelVALUE means that the agriculturalist or the operator of the biogas plant establishes
and runs a biogas plant and sells the generated biogas to Greenvironment.
Greenvironment establishes and runs a block heat-and-power-plant using the
microturbine technology; the power plant will be used to generate electricity and heat.
Greenvironment binds itself by contract to buy a previously established amount of biogas
and thanks to the feed-in-tariff, Greenvironment is also able to sell the gas with a fixed
price.

“As Greenvironment operates the plant, farmers’ only task is to produce the biogas.
Greenvironment also invests the power plant, which lowers the farmer’s initial investment
and no investments to maintenance are needed. In short, the concept brings the farmer
same money with significantly less work. Environmentally our technology means lower
emissions and energy effectiveness through producing both electricity and heat”, says
Matti Malkamäki, Director Technical Development, Greenvironment.

The company’s German subsidiary Greenvironment GmbH in Berlin currently has 18 em-
ployees has been present in Germany since early 2006. Since entering the German market
Greenvironment has quickly made a name for itself on the market for green technologies
and has become one of the leaders in biogas-fuelled microturbines. Greenvironment now
has 25 million euros financing to build power plants and proof that the concept works.



Lappeenranta University of Technology
Utilizing local by-product streams
in distributed energy systems

Date of funding decision: 26.6.2003
Research project, finished

Helsinki University of Technology
Development and testing of a bio-CHP
concept

Date of funding decision: 18.6.2003
Research project, finished

Lappeenranta University of Technology
ORC in distributed energy supply:
basic research

Date of funding decision: 18.6.2003
Research project, finished

Åbo Akademi University
Design of Optimal Distributed Energy
Systems

Date of funding decision: 12.6.2003
Research project, finished

3.2 Integrated heating and
cooling systems for
sport halls

VTT, Energy and Pulp&Paper/Energy Systems
Funding decision day: 29.11.2006
Research project; open
Person in charge: Kari Sipilä

District cooling means centralised production
and distribution of cooling energy. Compared to
building-specific cooling, district cooling is more
energy efficient, reliable and cost-effective dur-
ing life-cycle. With district cooling, very little
equipment is necessary in buildings and any pos-
sible noise or vibration problems due to cooling
equipment are removed. Also space needed for
the equipment is freed and can be used for other
purposes. However, a distribution network is al-
ways needed, which limits the availability of dis-
trict cooling to densely populated areas where the
network investment can be cost-effective.

Sport halls need often heating and/or cooling. In-
tegration of heating and cooling systems in such
situations means substantial cost savings. For in-
stance a swimming hall that need heating and an
ice hockey hall that needs cooling can well be in-
tegrated. For distribution of heat or cooling pipe-
line networks are needed, similar to urban district
heating (DH) and district cooling (DC) pipelines.
Compressor-driven heat pump is one option to
cool the circulating DC water and at the same
time heat the circulating DH water.

The project will be carried out in collaboration
between VTT Energy and Pulp&Paper/Energy
Systems, Åbo Akademi University, Heat Engi-
neering Laboratory and Tampere University of
Technology, Institute of Energy and Process En-
gineering.

3.2.1 Objectives

Measurement data from skiing pipe in Uusikau-
punki is collected and developed simulation
models for energy balances in sport centers. En-
ergy systems in Ideapark (Lempäälä) will also be
studied and different types of systems will be
compared. Ideapark is also intention of collection
data from the energy systems.

The second object is to develop the CO2 pipeline
model for skiing pipe. The aim is to study how
carbon dioxide could be utilized as a heat transfer
medium for cooling the skiing pipe. During the
project a network model was constructed, which
enables networks of both glycol water and carbon
dioxide to be calculated and analyzed. Carbon di-
oxide cooling process takes advantage of the
phase change energy by evaporating carbon diox-
ide to achieve the cooling effect. Liquid carbon
dioxide is pumped to the cooling pipes under the
snow track where it evaporates. The evaporation
is not complete in order to avoid the need for
larger heat exchanger area (pipelines) due to low
heat transfer coefficient in high qualities. The re-
turn flow is in two phases. Also the potential of
swimming halls and ice hockey halls as well as
skiing pipes and swimming halls located close
enough to each other ware investigated.
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The third object is to improve the compressor-
driven heat pump process. The key feature is to
lower the pressure difference over the compres-
sor and thus reduce the compressor power de-
mand. By this way the cold factor (COP), defined
as the ratio between the created cooling effect and
the compressor effect, can be improved. The sav-
ings in the electricity cost of the cooling task is
the result of the improvement. An effect enhance-
ment can be obtained at the same time also on DH
water heating. The process is called PDC process.
It has been presented in Ref. [1].

3.2.2 Model for skiing pipe
sport centre

Collecting of data in Uusikaupunki has started
with two different measurement systems. An-
other one collects data from skiing pipe, tempera-
tures, moisture etc. Another system is connected
to compressors which produce cooling energy for
skiing pipe. Focus of measurements is to analyze
operation of CO2 pipes in skiing pipe. Also func-
tion of compressors and relation between outside

air conditions and skiing pipe. Possible function
problems in CO2 is aim to find out.

Simulation model of energy systems in sport cen-
ters has also started. Model will be created with
EES (Engineering equation solver). Software is
not designed for simulation but specific systems
can be simulated with it. Program consist large li-
brary of fluid properties which is important in
modeling. Figure 1 shows screen capture of EES.
Model consists of heat pump and ice hall.

3.2.3 Model for snow pipeline
system in skiing pipe

The model is used to simulate the carbon dioxide
cooling network in a skiing facility in the city of
Uusikaupunki. The system consists of a network,
air heat exchangers and cooling pipes under the
track. The structure of the network is defined by
nodes and pipes. Pipes have connections to
nodes, lengths and pipe size specific conduc-
tance. Nodes can represent simple connecting
nodes or have tasks such as consumer or pro-
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ducer. Carbon dioxide is presumed liquid in feed
pipes, but in return pipes the 2-phase change flow
is taken in account. The correctness of the as-
sumption concerning the feed pipes is confirmed
by monitoring pipe temperatures. The heat
exchangers and the compressor are not modelled
in detail. Only amount of evaporation and cooling
power are defined for heat exchangers, while
compressor has a set maximum capacity and a
level of super cooling (in ºC).

Model calculates flows, temperatures, pressures,
heat losses and the pumping power. The pipeline
construction and diameters are supposed to
known.

The cooling pipes under the skiing track can be
calculated more accurately with a separate tool
that solves the state of carbon dioxide flow in
smaller steps. At this time, the tool is not inte-
grated into the network model.

3.2.4 Integration of DC and DH

The PDC process is studied in the project with
simulations and laboratory tests, where the actual
heating and cooling effects are measured in dif-
ferent running conditions. A heat pump with 7.5
kW nominal heating effect, 2.5 kW compressor
effect and 5 kW cooling effect has been installed
and connected to three 50 l tanks with water dis-
tribution pipelines on both DH and DC sides. The
system is equipped with comprehensive flow,
pressure and temperature measurements. The re-
quired volumes of the tanks are dependent of the
dynamic behavior of the heat pump in varying ca-
pacities. The volume demand is one of the key
questions to the economy of the process.

First results are obtained with the test series that
will be accomplished till the end of this year. The
PDC process gives a possibility to increase the
energy efficiency by increasing the heating effect
to DH and the cooling effect to DC water. The
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PDC water tank system means an additional cost
that could be reduced when the sport hall need
buffer tanks for DH and/or DC water in any case.
Water tanks in the PDC process can be atmo-
spheric, so the tank costs can be kept low. The an-
nual operation hours of the heat pump is to be
considered as it has a strong influence in the
economy.

1. Jarmo Söderman, Göran Öhman and Henrik
Saxén, A periodic process for enhanced district
cooling generation, 10th Symposium District
Heating and Cooling, 3.–5.9.2006, Hannover.

3.3 Design and operation of
integrated cooling and
heating systems in regions
and buildings

Åbo Akademi
Funding decision day: 15.4.2004,
Research project; closed
Person in charge: Jarmo Söderman

3.3.1 Introduction

Cooling has become a natural part of good work-
ing and residential environment. For hospitals
and health institutions cooling is of utmost im-

portance. In urban areas district cooling (DC) has
increased in recent years, replacing separate
cooling machines in each room or building with
central cooling generation plants and cold media
distribution networks. Cold water is distributed to
the customers in similar pipelines as hot water in
the district heating (DH) networks. By combin-
ing a central cooling plant with cold media
storages the daily variations in the cooling de-
mand can be handled with smaller machine ca-
pacities. Integration of heating and cooling in re-
gions and buildings can further improve the en-
ergy efficiency and economy of the future sys-
tems.

The project was carried out in collaboration be-
tween Åbo Akademi University, Heat Engi-
neering Laboratory, Tampere University of Tech-
nology, Institute of Energy and Process Engi-
neering and VTT Processes.

3.3.2 Objectives

The objectives of the project was to study and de-
velop integrated cooling and heating systems in
regions and buildings with the focus in energy ef-
ficiency and economy and in overall optimisation
of the cooling systems. The transport and storage
technologies applicable in district cooling were
studied in this frame together with the suitability
of different media for cooling effect distribution.
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Figure 3.3. Continuous Compressor-driven PDC Process with condensation
heat recovery into DH water. DH water side tank arrangement is not shown
in the figure.



3.3.3 Implemented research work

In the project seasonal and daily variations of the
cooling demand in an urban region were studied.
Data were collected from an institutional build-
ing block comprising a number of buildings. The
block is connected both to the district heating and
cooling networks of the region.

Further it was studied how absorption cooling
process can be applied at a process industry site,
where large amount of excess heat is available.
The absorption cooling process was designed us-
ing data of cooling demands and brackish water
temperature variations at the site.

For enhanced operation of a compressor-driven
cooling machine a periodic cooling process with
condensation heat recovery was studied. In the pro-
cess the pressure difference between the evaporator
and thecondenser is periodically lowered so that the
needed compressor power is reduced, compared to
a conventional process. The improvement can be
obtained by a stepwise lowering of the temperature
of the cold water that is circulated into the evapora-
tor and similarly by a stepwise increase of the tem-
perature of the hot water into which the condensa-
tion heat is recovered.

A Mixed Integer Linear Programming (MILP)
model for the optimisation of district cooling net-
works was developed and applied in an urban re-
gion both with the present day data and with pre-
dicted data for the year 2020.

The economic viability of integrated heating and
cooling systems in large buildings was studied in
three real cases with energy balances and invest-
ment estimates. Further the different influencing
aspects of integration of a heat pump in cooling
systems were studied and test runs at a sports in-
stitute were carried out.

The suitability of different media in transport and
storage of cold was studied. The distribution net-
work was designed for different transport media:
water and CO2. Additionally, a comparison study
with ice-water media was accomplished. In a re-
gional cold distribution system it was studied on
how a two-phase system of CO2 is built and what

are the influences of the system on the DC net-
work pipeline sizes.

3.3.4 Results

In the project report [1] the results of the project
tasks are described in more detail. The main re-
sults are given below.

The measurements at the premises of a district
cooling/heating consumer showed that in most
summer days high cooling capacity is needed
only in a relatively short time frame, usually from
14 to 20 o´clock. The increase/decrease of the
cooling demand is very sharp with the peak de-
mand at approx. 18 o´clock.

The absorption cooling process with circulating
sea water in absorber and condenser was simu-
lated with the plant’s condition using data of
cooling demands and sea water temperature vari-
ations at the mill site and compared with existing
compressor-driven cooling units The running
costs of the absorption cooling is much lower that
in the compressor units. There is a trade-off be-
tween the decreased operational costs and the in-
vestment costs of additional pipelines and heat
exchangers.

Simulation calculations for the developed peri-
odic cooling process showed that cooling effect
can be generated by the process with 12 % less
electricity consumption compared with a conven-
tional cooling process. For an existing cooling
machine an increase of 6 % of the cooling capac-
ity can be obtained together with a reduction of 6
% of compressor power demand.

Using cooling demand predictions for future
years and the developed optimisation model a
conceptual design was obtained, of how the DC
network should be expanded, where should new
cooling generation capacity be built, what capac-
ity should the new plants have and where and
what size should the cold media storages be built.

The results of the studies of integrated heating
and cooling systems showed that the pay-back
time of an integrated heat pump system can be
short and the system economically viable.
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The comparison of different cooling transfer media
showed that phase change materials like ice and
vaxescandecrease theneededstoragevolumecom-
pared with cold water storages. Additionally it was
shown that district cooling networks with ice slurry
or CO2 require 50–70 % of the pipe dimension
compared to water-based systems.

3.3.5 Use of results

The project gave valuable guidelines of how fu-
ture cooling systems should be designed. The re-
sults can be used in decision making of the future
cooling system investments at urban regions and
industries. The developed periodic cooling pro-
cess opens up opportunities for new or existing
district cooling plants to save electricity and en-
hance the cooling generation process. The devel-
oped optimisation model can be used to produce
good starting points in developing a DC network
for a new region or in expanding or retrofitting
existing district cooling networks. The cooling
system simulations can be utilized by the HVAC
designers when selecting the design and lay-out
for separate cooling systems and integrated heat-
ing and cooling systems. The results of the stud-
ies with CO2 as distribution medium can be used
in planning of the future district cooling networks
and cold storages.

1. Jarmo Söderman, Göran Öhman, Antero Aitto-
mäki, Ali Mäkinen, Kari Sipilä and Miika Rämä,
KYLMÄ+ – Design and operation of integrated
cooling and heating systems in regions and build-
ings, 2006, Report 2006-3, Åbo Akademi Uni-
versity, Department of Chemical Engineering,
Heat Engineering Laboratory. ISBN 952-12-
1821-5.

2. Jarmo Söderman, Göran Öhman and Henrik
Saxén, A periodic process for enhanced district
cooling generation, 10th Symposium District
Heating and Cooling, 3.–5.9.2006, Hannover.

3. Jarmo Söderman, Structural and Operational Op-
timisation of District Cooling Networks, 17th In-
tern. Congress of Chemical and Process Engi-
neering, 27.–31.8.2006, Prague.

4. Jarmo Söderman, Optimisation of structure and
operation of district cooling networks in urban
regions, in press, Applied Thermal Engineering
2007.
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1. Jesper Broo, Measurements of consumption and re-
gional productionof district cooling,Master’s thesis,
2005, (in Swedish). Åbo Akademi University.

2. Kim Fagerudd, Production of district cooling at a
steel mill with absorption cooling machine, Mas-
ter’s thesis, 2005, (in Swedish). Åbo Akademi
University.

3. Anssi Pesonen, Utilisation of heat pump for heat-
ing and cooling of buildings, Master’s thesis,
2005, (in Finnish). Tampere University of Tech-
nology.

4. Ali Mäkinen, Heat pump in heating and cooling,
Simulation of energy balances, Master’s thesis,
2006, (in Finnish). Tampere University of Tech-
nology.

5. Miika Rämä, Carbon dioxide in district cooling,
Master’s thesis, 2006. VTT Processes.

3.4 Technical and economical
conditions for the DH heat
supply at the delivery
boundary

Mikkeli University of Applied Sciences,
the Business Development Centre
Funding decision day: 27.11.2003
Research project; closed
Person in charge: Veli-Matti Mäkelä

3.4.1 Objectives

The intention of the research was to find out how
the competitiveness of combined heat and power
(CHP) production could be improved by develop-
ing the client interface of district heating. Also
new solutions to append small and earlier unprof-
itable targets to district heating were considered.
One of the aims was to find out what kind of pre-
conditions there is for heat producer to handle the
whole delivery chain from production to the cli-
ent. This would include procurement, installa-
tion, service and maintenance of the nowadays
client-owned heat distribution centre. Use of
small-scale CHP-plants outside district heating
network was examined as well. Preconditions for
the new products and services and the need for
product development were also figured out in the
research.
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The research was carried out by the Business De-
velopment Centre of Mikkeli University of Ap-
plied Sciences. Researcher in charge is executive
Veli-Matti Mäkelä. The project was supported by
management team and participating organisa-
tions brought much needed knowledge, know-
how and aid in determination of demand.

3.4.2 Methods

Client interface of district heating was ap-
proached from aspects of both the client and the
heat producer. The aim was to find out what kind
of deficiencies and needs for improvement pres-
ent interface comprise. Based on those was re-
searched what kind of new products, connection
solutions and business models can be used to im-
prove the interface. Also ownership solution re-
lated legislative issues were plotted.

Connections and presence of present client inter-
face and CHP-plants was investigated from liter-
ature and internet in the beginning to be the basis
of the research. Then the information was gath-
ered by interviewing heat producers and carrying
out a client survey. Based on the results was re-
searched what functional and principle solutions
the new interface needs and furthermore possibil-
ities relating to business activity and new prod-
ucts was outlined.

3.4.3 Results

It came out that, although there is interest in de-
velopment of client interface of district heating,
no large scale public research was made before.
The clients still need new services and are willing
to accept new solutions and working. The impor-
tance of expenses and benefits was emphasized.
There is a call for new products and services, but
extensive market analysis or product develop-
ment is yet to be made.

Clients’need for various services will increase. It
is possible that there will be whole new doers that
are faster, more flexible and more able to serve
the client regarding those needs. Considering the
results it can be presumed that district heating cli-
ent interface will steadily develop. The develop-

ment will be controlled by approach of different
technical systems and improvement and regroup-
ing of already existing solutions. In the future it is
presumable that heat sale is a part of a larger ser-
vice concept. There is a call for further study re-
lating the subject. This research especially offers
significant support when deciding the trend of
company specific development projects.

Executive summary + 7 appendixes, 278 p.

Examination

Engineering theses, Heikki Nousiainen

3.5 Technical features for heat
trade in distributed energy
generation

Technical Research Centre of Finland
VTT Energy and Pulp&Paper,
Energy Systems (earlier Processes)
Funding decision day: 4.9.2003
Research project; closed
Person in charge: Kari Sipilä

3.5.1 Introduction

Liberated heat market works mainly like a liberated
electric market in Nordic countries with the excep-
tion that the heat market works within a local dis-
trict heating network There are producers, custom-
ers, network operator and system operator as there
exist in the electric market. Physical actors in the
liberated heat trade market are the traditional large
scale producers that sell heat to customers con-
nected to the district heating network, and the end
users, that would also be small-scale producers us-
ing a micro-CHP or a boiler. They would buy heat
from other producers or sell heat to customers
through the network. The liberated heat energy
market will also need the transmission-net-
work-company that takes care of the temperatures,
pressures and hydraulic balance of the heating net-
work. Network-company is also responsible for
services and enlarging the network when necessary.
A balance-sheet-operator is also needed to coordi-
nate the heat contracts between producers and cus-
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tomers as well as to take care of reserve capacity,
spot and future markets and billing.

3.5.2 Objectives

The main objective for the liberated heat trade mar-
ket is to produce heat in more economical ways and
to use more effective production units. However,
the quality of the heat and minimum environmen-
tal impacts must be ensured. This means that
combined electricity and heat production (CHP)
must be furthered and new more effective tech-
niques of utilisation should be ensured.

The district heating network operation should be
separated from the production like in the electric-
ity side. Then the network operator works more
transparently.

The market may consist of basic contracts contin-
uing until further notice, from one month to one
year short contracts and some kind of spot mar-
kets 24 hours ahead like in the Nordic electric
market. Future contract can be bought for the next
heating season. The heat balance sheet operator is
responsible for heat trade. The heat capacities
and contracts must be in balance including the re-
serve capacity. A coming heat boiler capacity in
next heating season can be sold as futures to con-
sumers.

3.5.3 Results

Heat trade simulations were done for a limited
population of buildings connected to the district
heating network in a small town Kaskinen in
western Finland. Simulations were designed to an-

swer the question whether the town could be
self-sufficient in terms of heat or electricity produc-
tion, could the community sell out some heat or
electricity or did it need to buy from the centralised
energy production. Analysis showed that when the
degree of decentralisation was lower, the system
naturally needed more heat from the centralised
production. An optimum solution was found re-
garding the amount and placement of the mi-
cro-CHP plants in different types of buildings. Our
limited simulations showed that heat trading theo-
retically could be a functional way to develop de-
centralised energy systems. There is a potential ad-
vantage to be utilised when buildings with con-
sumption profiles different in shape and/or timing
are connected through a district heating network.

The hydraulic performance of the district heating
network was checked to make sure that there are
no network based restrictions for the heat trade.
Typically the network places two different types
of constraints: (1) pressure constraints and (2)
temperature change constraints. The pressure
constraint refers to the fact that the maximum
pressure that the feed pipes can withstand is fi-
nite. New producers can change the geographical
distribution of production so that distribution is
no longer possible without exceeding the maxi-
mum pressure. It is also possible that the pressure
in some return pipe becomes so low that evapora-
tion takes place on the suction side of a pump.
Whatever situation may occur depends on the av-
erage pressure of the network and the producer’s
location and current running mode (purchase or
sell). The temperature change constraint refers to
the fact that the time derivative of temperature in
a certain pipe should not exceed a given limit
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value. This value is usually taken as ten degrees
per hour. The reason behind this is that the heat
expansion places a stress on pipes and joints.
From the technical point of view, selling of the
heat to the network did not cause a problem. Only
the temperature changes were larger compared
with the traditional centralised system when the
heat trade was on. Small producers brought more
time-varying factors into the system. They can
create additional changing low-flow connections
in their vicinity. It was seen that small producers
have quite little effect on network pressures.

The recommended physical connection (fig. 3.6)
is the version, in which the small scale producer is

connected to the DH-network via a heat ex-
changer. This connection does not bring any
changes to the standard modular substation unit
in buildings, it is safe solution to the user (no wa-
ter leaks) and to the DH network (no gas leak
problems), it is easy to control, it is suitable for
new installations and renovations, and mainte-
nance of the CHP unit does not cause any prob-
lems to the DH operation. In general, we found
out that the physical connection will need stan-
dardized rules, in which the quality and the per-
formance of the connection unit are unambigu-
ous defined, in the same way as the current Finn-
ish District Heating Associations’ guidelines do
for the district heating substations.
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3.6 Energy Logistics

Tampere University of Technology
Institute of Energy and Process Engineering
Funding decision day: 18.6.2003
Start date: 1.9.2003
Project end date: 31.12.2004
Research project; closed
Person in charge: Antero Aittomäki

Participants

• Institute of Energy and Process Engineering,
Tampere University of Technology

• University of Vaasa
• University of Jyväskylä
• Helsinki Univ. of Technology
• City of Vaasa
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3.6.1 Introduction

Objectives in Energy Logistics project were to
develop methods and models for general selec-
tion and optimization of energy utilizing systems.
Work was divided in two mains parts.
1. Developing a tool for analyzing the energy

flows in different energy using systems
2. Developing a general methodology for invest-

ment decisions

3.6.2 Focus

A PC-tool was developed Microsoft Visual Basic
as the platform. The tool is modular allowing set-
ting up the system using different modules. The
tool was applied for three case-systems:
1. The base center of mobile phone network
2. The sewage cleaning plant
3 The production system of plastic pipes

3.6.3 Methods

The tools developed were supplied for the use of
the participating actors. Using the model, the in-
fluence of the lay-out and dimensioning of the
system components ca be studied. The tool was
utilized to find measures to degrease energy de-
mand of the system. The program can be modi-
fied for modeling other types of systems, as well.
Picture SS shows starting window of sewage
cleaning model.

Aittomäki, A., Kianta, J., Savolainen, K., DENSY. Ener-
gialogistiikka. Energiamallinnus. Tampere 2005.
Tampereen teknillinen korkeakoulu, Energia- ja
prosessitekniikan laitos. Raportti 179.
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3.7 DO2DES – Design of Optimal
Distributed Energy Systems

Åbo Akademi
Funding decision day: 12.6.2003
Research project; closed
Person in charge: Jarmo Söderman

3.7.1 Introduction

Conventionally both electric power and district
heat have been produced in large central units.
When energy consumers often are quite scattered
in a region, it has been questioned whether the
suppliers could be smaller and closer to the con-
sumer sites than the large units far away. A better
overall economy and important environmental
benefits could eventually be achieved with dis-
tributed energy systems (DES).

The project was accomplished in collaboration
between Åbo Akademi University, Heat Engi-
neering Laboratory, Helsinki University of Tech-
nology, Laboratory for Energy and Power Pro-
duction and VTT Processes.

3.7.2 Objectives

The goal of the project was to develop an ap-
proach for the following optimisation task: in a
specific region find the optimal design and the
optimal locations for production plants of both
heat and electric power, the optimal routing for
the district heating network pipelines and the op-
timal locations and design of heat storages, all in
accordance with the locations of the heat and
power consumers and their heat and power de-
mands in different periods of the year.

3.7.3 Modelling DES

In the developed optimisation model for DES a
number of optional sites for heat and power pro-
duction, heat storage sites and a number of energy
consumers with given heat and power demands in
different time periods in the region are given as
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input data. The coordinates of the consumer sites
and the optional energy supplier and/or storage
sites are also needed.

Different types of heat or power production units
and combinations of these can be applied. Com-
bined Heat and Power plant (CHP), boiler plant
that produces district heat, wind power, heat
pumps and small hydro power were included in
this study.

The region was considered as self-content in re-
spect of heating demand. The electric power de-
mand could be satisfied both with power pro-
duced within the region and/or from the grid. The
power from the grid was considered to be pur-
chased with different prices for day and night and
for different seasons.

Consumers could produce their own heat in com-
petition with the district heat. If a heat pump were
installed at a consumer site, additional electricity
consumption at that site was needed.

The costs of district heating comprised the network
investment and running costs and the costs for heat
storage tanks. The distances between supplier and

consumer sites were calculated separately prior
to the optimisation and used as input data.

Two formulations for solving the optimisation
problem were developed and tested: a determin-
istic Mixed Integer Linear Programming (MILP)
formulation and a hybrid stochastic-determinis-
tic formulation with Genetic Algorithm (GA)
combined with Linear programming (LP). With
the MILP approach global optimum solutions are
obtained, but the approach cannot be applied in
large problems due to a combinatorial expansion
that causes impractical calculation times. With
GA-LP approach even large problems can be
solved but no guarantee on the optimality of the
solutions can be given.

3.7.4 Results

In the project report [1] a simulated case is pre-
sented to show the applicability of the developed
optimisation approach. The case comprised 5 op-
tional power and heat production sites and 12
consumer sites with defined heat and power de-
mands in different seasons of the year. Heat could
also be stored during day time and used the next
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Figure 3.8. The optimal DES-structure for a simulated case.



night in 3 optional sites. The obtained optimal so-
lution comprised two CHP plants, a heat storage
tank and a district heating network, as shown in
Fig. 3.8.

In Fig. 3.9 the power generation in the region is
shown together with the purchased power from
the grid outside the region. The optimal solution
is that the CHP plants to be built need not to cover
the whole power demand in the region.

The optimisation of the simulated case was based
on the survey of the investment and running costs
of the applied heat and power production plants,
together with heat pump, heat storage and district
heating network costs.

3.7.5 Use of results

The work in the project showed that a distributed
energy system can be optimised with the devel-
oped approach. The optimisation approach
serves as the first step in the design process and
the basis for more accurate calculations. The ap-
proach can also be used for answering what-if
type questions and sensitivities of different pa-
rameters of a suggested design.

With the developed approach the involved par-
ties, like energy producing companies, plant

equipment suppliers, designers and consultants
as well as the authorities and energy consumers
are able to handle the investment proposals on
equal basis. The approach gives better under-
standing of the impacts of the different system
parameters and leads parties to make better deci-
sions.
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3.8 Development of biomass-
based micro-CHP concepts

3.8.1 Introduction

Distributed energy production with small units
may complete well the traditional energy produc-
tion, where the energy is produced to the grid
with relatively large power plants (usually > 10
MWe per unit). In some EU countries like in Ger-
many, Denmark and Spain the growing wind
power capacity has already increased the impor-
tance of rather small energy production units
(0.5-2 MWe per unit) to the grid. With wind
power a problem may originate from the need of
fast shut downs of the local networks with a high
number of wind turbines for example when the
wind velocity exceeds the critical limit. Inde-
pendently, the grid should maintain its stability.
Instead, a shut down of a single micro-scale CHP
plant (µCHP) does not make instability to the
grid. The sufficient quality of the electricity from
a µCHP can be guaranteed, and the energy flow to
the µCHP owner is guaranteed independently to
the possible shut downs of the main grid.

The biomass-based µCHP concepts studied in
DENSY are clearly smaller (< 1 MW) than the
typical wind power plants. Correspondingly, the
number of bio µCHP- units would be much
higher than the number of wind turbines in a par-

ticular country. The studied µCHP’s produce
electricity directly from solid biomass. The price
of the produced electricity should be competitive
to the wind turbines and/or the traditional bio-
mass-fired power plants.

Liquid fuel fired aggregates have been widely
used in micro-scale electricity production. These
units (< 1 MWe) are of the same magnitude with
the solid biomass fired units studied in the
DENSY programme. Although the aggregates
have been so far fired with fossil-based gasoline
and diesel, bio-diesel is possible to be used as
well leading to CO2 free energy production. The
aggregates have traditionally been used during
short periods, for example in farm houses during
the shut downs of the grid and in cases outside the
grid with low base consumption and occasional
peaking. The base load has been covered for ex-
ample with solar cells and the peaks which and
aggregate. The development of the aggregate
technology has led, however, to larger units (with
10-100 kWe) which can be in continuously use
with additional production of district heat. The
trend has also been from gasoline-fired aggre-
gates to diesel-fired aggregates to minimise the
fuel costs.

Figure 3.10 compares potential technologies to
µCHP for different use and figure 3.11 gives a
rough estimate of the hardware costs per kWe
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with optional µCHP’s fired with bio-fuels. Diesel
concepts are probably cheaper than Stirling- and
micro-turbine-based concepts. There are clear
differences, however, in the need of maintenance
between the listed technologies (Fig. 3.12). The
diesel engine based concepts need maintenance
more frequently than the other optional concepts

included to figure 3.11. The higher hardware
costs of the solid biomass-based concepts are
partly compensated by their lower need of main-
tenance. However, it is essential to know that the
information in figures 3.11 and 3.12 are a rough
estimate: No commercial µCHP’s for solid bio-
mass exist in the markets.
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3.8.2 Description of the µCHP
research projects in DENSY

Stirling-engine-based µCHP concepts

Project network description

The projects in this research were the following:
• Electricity (10 kW) and heat from wood

pellets, co-ordinated by the University of
Jyväskylä (JYU)

• The projects of technical Research Centre of
Finland (VTT) and Helsinki University of
Technology (HUT) with the same title

These three projects formed an operational net-
work co-ordinated by JYU. The main funding
source was Tekes through DENSY programme.
Figure 3.13 describes co-operation and industrial
support. In addition to direct funding, industry
gave technical support. Some EU funding was di-
rected to the research through Jyväskylä Science
Park (JSP) and after the DENSY period through
Tekes.

The goal for the project network was to plan and
manufacture a Stirling-engine based and wood
pellet-fired µCHP concept and conduct the first
testing with this plant.

JYU co-ordinated administrative and technical
part of the research. VTT assisted JYU in calcu-
lating the furnace of the µCHP with computerized
fluid dynamics (CFD), in making detailed plan-
ning and selection of some key components of the
µCHP, in conducting overall process calculations
and in supporting the instrumentation work. HUT
assisted JYU in planning the heat transfer from
the furnace to the Stirling-engine and in transfer-
ring the overall information on Stirling technol-
ogy and comparable technologies to the project
network.

3.8.3 Main results

An estimate of the efficiency of electricity pro-
duction with Stirling- based and optional µCHP
concepts is given in Figure 3.14 when fired with
natural gas, which is an optimal fuel to these con-
cepts.
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Figure 3.13. Organisation of the research of Stirling-based
µCHP concepts in DENSY.



According to Fig. 3.14 it is possible to produce
electricity with the efficiency of 25–30% from
fuel energy with Stirling-based µCHP concepts
fired with natural gas. When changing the fuel to
solid biomass, the ash makes problems to the con-
cept for two reasons:
a. The fly ash from even the best quality biomass

(like wood pellets) start to soften at about 1300
oC. Softening starts when the portion of melt in
the fly ash becomes significant. The molten
fraction makes the fly ash sticky when passing
through the heat exchanger between the fur-
nace and the engine. As a result such fly ash
will damage the heat exchanger already during
short time operation.

b. Due to the mechanical plugging effect of the
fly ash (even without detected softening) the
heat exchanger cannot be as effective during
biomass firing as during gas firing. Natural gas
allows clearly higher number of fins with nar-
rower spaces than biomass because no fly ash
is formed during natural gas firing. Mechani-
cal plugging problem with biomass cannot be
solved with a large-volume heat exchanger be-
cause the inner volume of the heat exchanger
cannot exceed the inner volume of the Stirling
engine.

Figure 3.15 lists means to increase the net effi-
ciency during biomass firing from poor values to
acceptable values. The drop of the net efficiency
during biomass firing from the natural gas values
presented in Fig 5 due to the two drawbacks listed
above can also be clearly seen.

It is necessary to design a new furnace with an
unique construction to meet the goal in electricity
production (net efficiency about 15%). Both
combustion air preheating and flue gas re-
circulation are necessary (see fig. 3.15). And it is
essential to control carefully the conditions in the
furnace of the µCHP plant to find an effective
compromise between the following things:
a. Ash softening must be avoided
b. The ratio between the energy flow through the

heat exchanger and the fuel energy must be
maximised

These requirements lead to the need of CFD cal-
culations to know the details of the furnace geom-
etry, stoichiometry, combustion air preheating
and flue gas re-circulation. Wood pellet is sup-
posed to be the fuel. It is the best solid biomass
with minimum ash content. Its high production
enables extensive use in the µCHP plants.

66

Efficiency, net electric

0

5

10

15

20

25

30

35

40

%
Stirling Diesel Turbine

STM
55kWe

Solo
9kWe

Sisu
25kWe

Sisu
65kWe

Capstone
30kWe

Capstone
60kWe

Janne Pirhonen, TKK

Figure 3.14. Estimated net efficiencies of optional µCHP concepts during
natural gas firing. Source: HUT



67

Figure 3.15. Calculated net efficiency (% electricity from fuel energy) for different
µCHP constructions in Stirling-assisted power production from solid biomass.

Figure 3.16. The influence of stoichiometry, combustion air preheating and flue gas
recirculation to the temperature distribution in the furnace of a wood pellet fired µCHP
plant.



Results of the CFD calculations carried out at
VTT are illustrated in Figure 3.16. The energy
flow out from the furnace top (see the arrow) to
the heat exchanger in cases a and b2 is roughly
similar (temperature and mass flow in the out
coming gas are roughly similar). However, very
high furnace temperatures (> 1500 oC) were cal-
culated in case a, whereas the furnace tempera-
tures remain in all zones below the softening
point of typical wood pellet ash in case b2. Ac-
cording to the results, the above mentioned de-
sign parameters are critical.

3.8.4 State of the µCHP plant

The CHP plant is almost completed, but instrumen-
tation, control system, air pre-heater, burner and the
experimental hall have still some details to be com-
pleted. The construction work has been more time
taking than estimated but the costs have not ex-
ceeded as much as the time schedule. However,
there is a gap between the funding and the costs
which may become a problem. Additional public
funding through Tekes is not available.

3.8.5 Future aspects of Stirling-
engine-based biomass fired
µCHP plants

The costs of Stirling engine are in the key position
when determining the price of electricity pro-
duced with a wood pellet fired µCHP plant if the
process development and the further simplifica-
tion of the plant to mass production prove to be
successful. Probably the traditional construction
of a Stirling engine would not allow a µCHP plant
with moderate electricity prise (Figure 3.11) be-
cause of the long pay-back time of the invest-
ment. Instead, a new innovation was made in
1976 to simplify the construction of the Stirling
engine which can give a solution. In the novel
construction called as free piston engine, there is
no connection between the power piston and
displacer piston. This arrangement enables much
simpler construction which can reduce the pro-
duction costs even by 70–90%. The information
of Figs. 3.14 and 3.15 prevails with this new en-
gine because similar heat exchanger has to be
used. The necessary furnace construction de-
scribed above can also be realised with rather

simple solutions in a mass product. In conse-
quence, there are technical and economic possi-
bilities to develop an economic wood pellet fired
µCHP plant. Such development work needs,
however, funding and time.
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Duration of the project
January 2007 – March 2008
Financing in total
EUR 422,500 of which the share of Tekes is
EUR 312,500

Master’s thesis produced
Techno-Economic Analysis of the Treatment
Flows and Incineration of Municipal Sewage
Sludge and Biofuels

The Treatment of Municipal Sewage Sludge
before Thermal Drying and Incineration

3.9.1 Introduction

This brief presentation will outline the prelimi-
nary results and future of the Waste-to-Energy
(WtE) Project which focuses on the technical and
economic studies and analyzing the commercial
opportunities of a modular small-scale power
plant utilizing biofuels and fuels from waste ma-
terial in its electricity and heat production. This
report summarizes the current state of the project.
The final results will be provided in the final re-
port by May 2008.

3.9.2 Objectives and scope of
the study

The objective of this university project, funded by
Tekes, the Finnish Funding Agency for Technol-
ogy and Innovation, under the Densy (Distributed
Energy Systems) Technology Programme, is to
improve the technical and economic prospects of
a modular small-scale power plant, which utilizes
industrial and municipal sludge, other biofuels
and fuels from waste material in its electricity and
heat production, in the future energy market. The
modular small-scale power plant concept is based
on studies on sludge treatment methods and bio
CHP (combined heat and power production)
combustion technology at Lappeenranta Univer-
sity of Technology, and on the technology used in
industrial and municipal sludge drying and com-
bustion plants (SDC plants) and their electricity
generation. By integrating these we can create a
modular small-scale CHP plant.

This research project includes both the technical
analysis and the study on the concept’s commer-

cial opportunities. The technology analysis fo-
cuses on examining fuel alternatives, the recov-
ery potential of their combinations and transpor-
tation processes, and the recovery of residual
ashes, and on techno-economic process calcula-
tions, the choice and planning of optimal electri-
cal drives technology and automation, and on de-
vising the plant’s remote system management.
Moreover, we shall define the plant’s power gen-
eration potential and evaluate the entire plant’s
techno-economic capacity, namely determine the
intangible and tangible resources required in the
construction and operation of the plant and ana-
lyze their cost structure on both the component
and system level. The objective of the business
prospects analysis is to provide a commercially
exploitable business concept by combining a
macro level study on the competition environ-
ment with a micro level resource analysis. The
all-encompassing theme in the project is the cre-
ation of new business opportunities and develop-
ment of the WtE technology. Along with the cre-
ation of the new business, the better understand-
ing of conditions for the social acceptance of the
plant may widen.

In the following, all the parts of the research pro-
ject, their preliminary results and future concerns
will be discussed separately. The terms WtE con-
cept and WtE process refer to the technology used
in the dewatering and incineration of industrial
and municipal sludge and other fuels and the
combined process of electricity and heat produc-
tion which can be applied in distributed energy
generation.

Technical and economic modeling of
a thermal sludge treatment plant

Technical performance of the thermal sludge
treatment plant forms a basis for further consider-
ation of its viability in a given business environ-
ment. In this study, both technical and economic
models are developed for the plant. The focus
area is first on using sludge as the only fuel, but it
is later expanded to include multi-fuel operation
where biofuels and recycled fuels can be burned
together with sludge. The developed models are
utilized for analyzing the effect of operating pa-
rameters on the plant performance as well as for
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determining the prerequisites for the profitability
of the investment. Furthermore, consideration is
given to the optimal integration of the plant into
the sewage sludge treatment process.

The developed thermal sludge treatment plant
applies steam power (Rankine) cycle and is
equipped with a drum-type boiler and a back-
pressure turbine. Circulating fluidized bed (CFB)
technique is used both for drying the sludge ther-
mally in a commercial indirect CFB dryer and in-
cinerating the dried sludge and odorous vapor in a
constant temperature combustion (CTC) reactor.

In the boiler, feed water is first pre-heated in the
economizer and taken into the drum. The satu-
rated water is evaporated in two consecutive
stages by leading it through the evaporator in the
CTC reactor and additional evaporator in the ex-
haust gas duct. The saturated steam is super-
heated into live steam conditions in the super-
heater and led through the turbine to get mechani-
cal power. The plant has one open feed water
pre-heater (feed water tank) which uses saturated
water from the drum as a heat source. Therefore,
no bleeds are required in the turbine. The heat
from the turbine exhaust steam is utilized in the
dryer to reduce the moisture content of the sludge
before combustion. This increases the electric
power and efficiency of the plant. The returning
condensate from the dryer is pumped into the
feed water tank and again into the boiler. At de-
sign conditions, the dry solids content of the
sludge entering the dryer is selected so that all
heat from the plant is consumed in the drying pro-
cess. This value is designated as the minimum dry
solids content. Nevertheless, the plant is
equipped with a supplementary heat exchanger
for cases when additional cooling is required.

Simulation models have been developed and pro-
grammed for the dryer and reactor using an
IPSEpro process simulator. The developed com-
ponent models have been combined with the
standard models from the software to set up a pro-
cess model for the plant. The specifications for
the components have been selected to reflect the
typical values of the small-scale plants while the
composition and heating value for the sludge are

characteristic of municipal sewage. When the
mass flow of the dry solids corresponds to a popu-
lation of 200 000 inhabitants, the net electric
power of the plant becomes about 500 kW. Sensi-
tivity studies show that increasing the dry solids
content from its minimum value increases addi-
tional thermal power significantly while the in-
crease in electric power is only mild. The plant
parameters have a minor effect on the minimum
dry solids content. From the parameters, live
steam pressure, back pressure and isentropic effi-
ciency of the turbine have a strong effect on both
electric and thermal power. Compared to these,
steam temperature has only a minor effect.

The economic analysis is based on determining
the present value of investing in the thermal
sludge treatment plant. Aside from the invest-
ment costs, the following costs are taken into ac-
count in the model: the avoided costs of generat-
ing electric and thermal power, the income from
selling energy (if any), the income from receiving
sludge, the processing costs for the ash as well as
operation and maintenance costs for the plant.
Support systems for the investment and taxation
are excluded from the study.

The economic model can be used for determining
the maximum investment cost for the plant to be
economically feasible. With given input parame-
ters the major share of the revenue comes from
the sludge acceptance fee while the contribution
of avoided costs remains lower. Compared to
these, the costs from processing ash have only a
minor role in the economy. It must be noted that
the results depend on the technical and economic
input values and are valid when sludge is used as
the only fuel. In case biofuels – for instance reed
canary grass or forest residue chips – and recy-
cled fuels are utilized in parallel with sludge, the
cost structure of the plant changes significantly.

Further studies include the analysis and compari-
son of variations for the developed process as
well as alternatives for sludge combustion. Sur-
plus heat that is not required for drying sludge can
be used for district heating or drying the raw ma-
terial for wood pellets, for instance. One option to
utilize surplus heat is to introduce a condensing
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turbine in the process to maximize the electric
power yield. The thermal sludge treatment plant
can be replaced by a boiler plant where the heat
for drying sludge is produced using a low-pres-
sure steam boiler and surplus heat is utilized. In
this option the revenue from electricity is lost but
the plant configuration is essentially simpler.
Aside from using sludge as the only fuel, multi-
fuel operation with biofuels and recycled fuels
will be considered. The overall optimization of
the sewage sludge treatment process will also be
studied.

Optimal steam turbo generator technology
– a techno-economical analysis

The steam power plant process seems to be the
most suitable technology for converting thermal
energy to electricity in a thermal sludge treatment
plant. Depending on the moisture content of the
sludge before combustion, some or all of the re-
jected heat after the turbine can be utilized for
drying the sludge further. Instead of using sludge
as the only fuel, the steam power plant process
enables multifuel operation where biofuels or re-
cycled fuels can be burned together with sludge.
This multifuel plant operates in a CHP mode pro-
ducing heat for local use and delivering notable
amounts of electric energy to the grid.

The following results were found during the first
half of the project: It is most suitable to have a
back-pressure turbine when using sludge as the
only fuel, because the process steam after the tur-
bine is needed for drying sludge. For the turbo
generator, the energy efficient multi-stage tur-
bine without any gearbox is traditionally consid-
ered to be economical only beyond the multi-
megawatt size. With sludge as the only fuel, the
power output from the turbo generator varies
from only 500 kW to 2000 kW. On this very small
scale, the generator’s prime mover is most often
constructed as a single-stage turbine coupled
with a reduction gearbox. This economically op-
timized construction makes small-scale turbo
generators suffer from low isentropic efficiency.
Poor performance is a major lack among the ex-
isting commercially available equipments.

In the future studies, two state of the art technolo-
gies will be investigated to improve the perfor-
mance of small-scale turbo generators. The first
way is to eliminate the gearbox and use a directly
coupled high-frequency generator (HSG) instead
of a grid-frequency generator. The second way is
to use a direct on-line permanent magnet syn-
chronous generator (DOL PMSG) instead of a
traditional induction generator or synchronous
generator. Moreover, a techno-economical analy-
sis of the HSG and DOL PMSG in a turbo genera-
tor drive will be performed. The challenging high
speed technology will be further investigated af-
ter the process model for the multi-fuel plant has
been developed. Then, the technical and eco-
nomic performance of a novel hermetical turbo
generator with a condensing turbine in this multi-
fuel plant will be analyzed. Several challenging
research features are included in finding the tech-
nically and economically best turbo generator
technology for the purpose.

Automation of CHP power plant

The research approach goal is to design the con-
nection of a CHP power plant to electricity net-
work. The CHP power plant consists of the Einco
Oy CFB dryer (circulating fluidized bed), the
Einco Oy CTC reactor and a turbo generator.

The electric systems and control equipment of the
power plant must be designed for stable operation
with the network, and electricity quality must sat-
isfy the requirements of the network provider. At
the beginning of the project, today’s network pro-
viders’requirements, recommendations and elec-
tricity quality demands have been analyzed and
are used in the design process.

Two types of network interfaces have been de-
signed. One connects a turbo generator running at
a constant speed to the network directly; another
connects a variable speed turbo generator by us-
ing a frequency converter. The generator types
used were the synchronous generator and the
asynchronous generator. Every design option in-
cludes main circuits, electric wiring, drawings,
primary and secondary protection, automation
equipment and operation instruction.
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The study continues with the design of automa-
tion hardware, controlling software, data transfer
between field level and process control level de-
vices, and the evaluation of both the HMI design
and the requirements of unmanned use.

The treatment of municipal sewage
sludge before thermal drying and
incineration

The aim of the study is to examine the treatment
of municipal sewage sludge from the view of the
sludge incineration plant, to find treatment meth-
ods and transport options for sludge and to track
down the costs of these units. The aim is also to
clarify the characteristics of municipal sewage
sludge and the problems with sludge treatment.
In addition, the study includes examination of
sludge handling in the south-eastern parts of Fin-
land. The objective is to accomplish an appropri-
ate model of sludge treatment for each case.

In the beginning of the study, sludge is examined
from the point of view of both fuel and waste. The
review contains facts of characteristics and vol-
umes of municipal sewage sludge, legal limita-
tions and the general process of wastewater treat-
ment. The study deals with pretreatment, me-
chanical dewatering, thermal drying and inciner-
ation of sludge. The machines of the dewatering
process are also specified and compared. The
study revealed that the centrifuge and belt filter
press are ideal especially for municipal sewage
sludge.

The final part of the study consists of a more de-
tailed inspection of the parts of sludge treatment.
Attention is paid to storage of sludge, feeding and
discharge systems, conveyance and transporta-
tion. Local opportunities of sludge treatment in
Kymenlaakso and South Carelia regions are con-
sidered. In these regions 6 000 and 15 000 tonnes
of mechanically dewatered sludge respectively is
treated every year. In both cases it seems that
electric and heat power depend strongly on the
dry solids content of sludge, and not so much on
other sludge properties. The costs of sludge treat-
ment, from thickening to feeding for thermal dry-

ing, range between 12 and 20 euros per tonne.
The cost depends on the number of treatment
parts. Mechanical dewatering and storage induce
most of the costs. All of these results are useful
for planning a sludge incineration plant.

Co-incineration of sewage sludge and
biofuels

Theaimofthisstudyis toexaminehowtheWaste- to-En-
ergy system of sewage sludge changes if biofuels
or recovered fuel are admixed into sewage
sludge. Another objective is to find out about the
possibilities and benefits, but also the challenges
and limitations that integrating these fuels pro-
duce technically and economically. This analysis
will be done paying attention to the limitations of
legislation. The study considers the material flow
chain, the process of the combustion plant and en-
ergy that the plant produces. The analysis is con-
ducted by using three cases: a waste management
company Etelä-Karjalan Jätehuolto Oy, the
Kymenlaakso Region and City of Lappeenranta.

The benefit of burning several fuels instead of
burning only sewage sludge is increased volume
of range. The quantity of sewage sludge is often
quite small, so sheer burning of sewage sludge is
often not cost-effective. As well heat that co-in-
cineration produces can be used in several pur-
pose. The investment profitability of a small-
scale CHP plant could increase when the plant is
processing sewage sludge and integrated han-
dling of waste. In addition to the benefit of waste
treatment the economic efficiency could be im-
proved by power production

Co-incineration also has its limitations. The heat
that arises in the combustion process has to be uti-
lized nearby the combustion plant. Moreover, the
plant is a waste combustion plant, which in-
creases investment and operation expenses, when
compared to a biofuel plant. Also, the fuel cost-
benefit is lost when the share of fuels that cost in-
creases. When several fuels are used, there will be
challenges for the fuel taken in, handling, storage
and feeding systems.
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The co-incineration analysis is conducted by us-
ing a model developed in the project. The finan-
cial analysis is based on the results that the model
produces. The starting point is the combustion of
sewage sludge. Along with sludge the co-inciner-
ation process will use either recovered fuel, chip,
peat or reed canary grass. Furthermore, the sev-
eral ways of heat creation in the production of
electricity and how profitable these ways are will
also be studied. There are a few options for the
use of heat, such as to supply heat to the munici-
pal heating grid or utilize it for example in drying
raw material for wood pellets.

Utilization and treatment of ashes
from the WtE process

The possibilities of utilizing ashes from the
waste-to-energy process will be studied during
the project. Although ashes from the process are
residues that have to be dealt with rather than a
product which has value in itself, handling of
ashes is an important and necessary phase of the
process. The WtE process which will be intro-
duced to the public must include the whole pro-
cess including all the inputs (energy, fuels etc.)
and the outputs (energy, residues).

The aim of the ash study is to find the most feasi-
ble handling methods for WtE ash. Ash utiliza-
tion will be emphasized, but also the final dis-
posal methods will be studied. The study will in-
clude discussion on the following issues:
• Ash contents from different sludges
• Present level of suitable treatment methods

for WtE ash
• Review of novel ash treatment methods

Research will be carried out mainly as a literature
study. The results of the ash study will be avail-
able later in the autumn of 2007.

Business research

When determining the WtE concept’s business
opportunities, the competitive environment was
first defined on a macro level in a PESTEL analy-
sis to find the political, environmental, social,
technical, economic and legislative factors influ-

encing the major trends in the development of
business operations. These macro level factors
are briefly presented below:
• Political factors – On both the international

and national level, global and EU policies on
energy, environment and climate to reduce
greenhouse gas emissions have an impact on
the planning and application of new technol-
ogy. Increasing renewable energy generation
and decreasing land filling of biodegrable
waste has been seen as one of the most central
tools to reduce these emissions.

• Environmental factors – The greatest environ-
mental factor affecting power generation and
waste management globally is the marked in-
crease in greenhouse gas emissions and their
negative impact on the atmosphere. At the mo-
ment, fossil fuels are most widely used and one
of the biggest causes for greenhouse gases
which creates pressure for developing new
methods for electricity generation and waste
recovery.

• Social factors – One of the most important so-
cial factors, the rapidly increasing population
and the resulting pressure on the development
of new waste recovery and power generation
methods have an influence on the appeal of
new technology in the market. Attitudes and
values in the business environment, further-
more, influence the acceptance of the technol-
ogy and ultimately the refusal or approval to
implement the new plant concept.

• Technical factors – Renewable methods are
still only a fragment of power generation when
compared to fossil fuels, and there is no quick
solution to satisfy the increasing energy de-
mand in the short term. Alternative generation
methods replacing fossil fuels are, however,
being developed continually. These methods
are based on renewable sources of energy, such
as biomass, waste, hydropower, tide and wave
energy, wind power and geothermic and solar
energy which create an interesting investment
and diversify competition in the international
energy market. Furthermore, the increased of-
ficial standards in waste management as well
as reforms of waste legislations push public in-
stitutions and private companies to invest in
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more efficient waste management technolo-
gies. Pressure is above all directed at minimiz-
ing the quantity of qualitatively diverse waste
in a dumping ground, the control over unpleas-
ant odour, the elimination of the causes of dis-
eases, and more efficient exploitation of waste
material and energy reserves. Existing tech-
nologies on the market do not fully meet the
above mentioned requirements.

• Economic factors – Strong global economic
growth in recent years has increased purchas-
ing power and the interest to invest in new tech-
nologies. Flux in the prices in the energy mar-
ket and several countries’dependence upon the
international market also enhance the opportu-
nities of technology based on renewables. As
mentioned in the above paragraph, the in-
creased standards in waste management push
public institutions and private companies to
develop more efficient technologies to mini-
mize the quantity of waste in a dumping
ground i.e. to prevent the upsurge of cost in
waste disposal.

• Legislative factors – In Finland in particular
economic control mechanisms, such as the fis-
cal policy or the obligatory waste tax and
charges, influence the planning of a WtE plant.
The planning and implementation of the con-
cept is also affected by various legislation con-
cerning wastes. Our national legislation com-
plies with global policies, and some of the
most important of these laws and regulations
are the Waste Act, which places the recovery
and disposal of household waste and waste of
comparable nature from public activities in the
responsibility of municipalities, whereas in-
dustrial and commercial waste fall within the
responsibility of the waste producer; the Waste
Incineration Decree, which aims at preventing
polluting emissions into the air and water from
waste incineration; the Decree on Landfills,
which proposes to increase waste recovery and
to set criteria for the quality requirements of
landfills; and the Act on Fertilizer Products,
which sets strict criteria for the recovery of
ashes resulting from the incineration of sludge
and other fuels.

In the next phase of the project, (1) the business
research and commercial potentiality analysis
will define the general competitive factors and
the most significant future markets for the sludge
incineration plant and the customers and their
needs in the emerging market for distributed gen-
eration. Moreover, (2) the suppliers of SDC plant
core technology and (3) the energy sources will
be defined. The results will reveal the central suc-
cess factors in the sector that will have to be taken
into account as minimum requirements when
planning business operations. Finally, we will
provide a business concept in co-operation with
the companies participating in the project to im-
plement a modular pilot plant. The business plan
(part B in figure 3.17) will be done by combining
research results (part A in the following picture)
as shown in the figure 3.17.

In addition and along with the business research,
the preconditions for approving the plant in a
community (end users) will be examined, i.e. as-
sociations with waste matter that is at the end of
its life cycle and how these associations influence
the acceptance of a new technology among the
end users and other stakeholders.

During the first phase of the project, some social
themes that have an impact on the acceptance of
new WtE technology have already been identi-
fied.

The acceptance analysis will be continued and
the themes examined along with the development
of the business plan. By analyzing how cultural
issues, i.e. pre-knowledge/attitudes, affects the
diffusion of new technology among the end users,
it may be possible to create wider understanding
of the acceptance of the WtE plant and support
business operations related to it. Such an analysis
has a central role when generating new business,
especially in still emerging market.
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Business Concept
for the Modular Distributed Energy Generation System

Production costs of heat/steam
and related services

Manufacturing costs of CHP plant
and manufacturing documents

Production costs of electricity
and related services

Manufacturing costs of CHP plant
and manufactoring documents

Total costs of the Combustion part of
the CHP plant and heat/steam generation

Total costs of the Turbo Generator part of
the CHP plant and electricity generation

Integration costs of
Combustion and Turbo

Generator
– Total costs of integration
of two technologies as a

CHP plant

Business Concept for the
–

WtE “PAKU”
Integration the Results of the Parts ½/3

The results of the Energy and
Environmental Technology

The results of the Electrical Technology

Total costs of manufacturing and
production of energy in the CHP plant

and planning documents1. 2.

3.

A

B

Figure 3.17. Creation of the Business concept for the new WtE Concept.



4 Fuel cell and hydrogen systems

4.1 Introduction

Fuel Cell and Hydrogen research work in univer-
sities in Finland started in the early 1990s. Indus-
trial activity started also in the early 1990s with
the test run of the Onsi 250 kW phosphoric acid
fuel cell (PAFC) and the establishment of
Hydrocell Oy and Labgas Oy companies. How-
ever, the level of funding for fuel cell research
was quite modest until the beginning of the 21th
century when Wärtsilä Corporation started its
SOFC development. This gave a strong boost the
fuel cell activity in Finland. Tekes accepted its
role as funding organization for this activity and
the budget of Tekes funded fuel cell projects in-
creased from > 1 M€ in 2000 to 5 M€ in 2005.
There was a clear interest in Tekes to coordinate
this activity, and therefore the fuel cell and hydro-
gen activity was incorporated into the Densy
technology program from the beginning of 2004.
These projects ended in the end of 2006. The
Densy technology program has reached its end in
2007, but the Fuel Cell and Hydrogen research
funded by Tekes is continuing in a new Technol-
ogy program “Fuel Cells”, which will continue
over the whole period 2007–2013, corresponding
to the EU FP7.

Parallel with these developments the Finnish re-
search organizations and industry started to par-
ticipate in EU-projects dealing with fuel cells. At
present Finnish universities, VTT and industry
are participating in nine EU projects related to
fuel cells.

In the Densy program Helsinki University of
Technology (TKK) coordinated two projects and
VTT Technical Research Centre of Finland
(VTT) coordinated also two projects. The TKK

projects were both executed by individual re-
search groups in cooperation with industry. The
projects were “Distributed modular hydrogen
systems” (THETA) and “Analysis and optimisa-
tion of heat exchangers for fuel cells”. Focussed
research areas of THETA were advanced hydro-
gen storage (IEA HIA Task 17), hydrogen gener-
ation and machine-free compression, electrical
power generation, waste heat/cold recovery,
modular system total design, simulation and opti-
misation, applied safety issues and system opera-
tions. Fuel cell heat exchangers were focused on
analysis of heat balance and heat exchangers of
fuel cells.

VTT coordinated projects were PowerPEM and
FINNSOFC. The PowerPEM deals with the de-
velopment of technology and concepts for class 1
kW power units for different applications. Those
could be small vehicles, back up power or power
for telecommunication, houses and so on. Power-
PEM was executed in cooperation with TKK and
industry.

In the FINSOFC project technology was devel-
oped for SOFC based power sources using natu-
ral gas or diesel as fuel. In this case possible ap-
plications are CHP from 1 kW to MW sizes and
APU for ships and vehicles to mention the most
important ones. Although coordinated by VTT,
the projects were executed in cooperation with
the universities TKK and Åbo Akademi as well as
industry, as described in connection with the indi-
vidual project descriptions.

Contact person
Rolf Rosenberg
VTT Technical Research Centre of Finland
P.O.Box 1000, 02044 VTT, Finland

77



4.2 List of projects

VTT, Development of a PEM-fuel cell,
stage 3

Date of funding decision: 2.1.2006
Research project, finished

VTT Processes FINSOFC 2006

Date of funding decision: 21.11.2005
Research project, finished

VTT Processes
Development of fuel cell technology
and business in Finland

Date of funding decision: 22.9.2005
Research project, finished

VTT Processes
Development of a PEM Fuel Cell,
stage 2

Date of funding decision: 3.2.2005
Research project, finished

VTT Processes
FINSOFC – Business for Finnish industry

Date of funding decision: 31.1.2005
Research project, finished

Helsinki University of Technology
Distributed modular hydrogen systems

Date of funding decision: 25.3.2004
Research project, finished

VTT Processes
Development of a PEM fuel cell 1/3

Date of funding decision: 12.2.2004
Research project, finished

Helsinki University of Technology
Analysis and optimisation of heat
exchangers for fuel cells

Date of funding decision: 12.2.2004
Research project, finished

VTT Processes
FINSOFC – Business for Finnish industry

Date of funding decision: 26.1.2004
Research project, finished
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Wärtsilä

Technical Research Centre of Finland (VTT) and Wärtsilä together developed an internationally
unique fuel-cell system. Research groups from both organizations are developing solid oxide fuel
cell (SOFC) technology in the same place and at the same time. The systems are based on the
same principles, but differ from one another with respect to components and the reforming of fuel.

In their plate-shaped fuel cells, both SOFC systems use natural gas supplied by the network. Elec-
tricity produced by the fuel cell array, which has an efficiency of about 50 percent, is fed into VTT’s
electric power grid. Heat produced by the systems can also be stored easily.

The research covered the processing of fuel, the operation of the cells and cell matrices, connec-
tions to the electric power grid and natural gas network, and the control of the entire system. In ad-
dition, the projects have developed the power station’s monitoring and automation systems and
dynamic system-modelling tools.

The research also had a strong focus on the modelling of the fuel-cell system. The operation of the
system was simulated using computer models which are verified using the experimental equip-
ment in use. The aim was total understanding of the functioning of a fuel cell power plant.

The research co-operation between VTT and Wärtsilä helped to solve countless technical problems in
the development of the SOFC system. In addition to Wärtsilä, the FINSOFC research project included
the participation of over ten companies interested in the development of fuel-cell technology and com-
ponents, as well as the Helsinki University of Technology and Tampere University of Technology.



4.3 Distributed modular
hydrogen systems, “THETA”

The Distributed modular hydrogen systems”
(THETA) project focussed research areas were
advanced hydrogen storage (PH, MH, HFP)1 hy-
drogen generation (electrolysis, HFP) and ma-
chine-free compression (EHC)2, electrical power
generation (AFC), waste heat/cold recovery
(thermal management), modular system total de-
sign, simulation and optimisation (power condi-
tioning), applied safety issues (leak tests) and
system operations (H2/DC/heat supply, black-
outs activations, infrastructure).

Analysis and optimisation of heat exchangers
for fuel cells. There were three work packages in
the project. In the first work package the ther-
modynamical analysis (i.e. exergy analysis, en-
tropy analysis, thermodynamic equilibrium cal-
culations, thermal and mass transfer calculations
etc.) of different system possibilities were carried
out. During the analysis the thermodynamic role
of the different components was clarified and af-
ter that the optimal process parameters and cou-
pling of the whole system was defined. In the sec-
ond work package a feasibility of different heat
exchanger possibilities for the fuel cell systems
were more precisely worked out. The fuel cells
and fuel cell systems have specific features which
may set new kind of limitations or demands for
heat exchangers compared to more conventional
CHP systems. The third work package contained
an analysis of demonstrations or simulations of
the fuel cell system in a CHP application in
co-operation with VTT.

The project POWERPEMFC was performed in
co-operation with VTT and Helsinki Univer-
sity of Technology (TKK). The project in-
cludes development of PEMFC bipolar plate
design and validating the modelled results in a
segmented cell. Construction of a 1 kW power

source including stack and BoP has been done
and control strategies have been developed.
Also bipolar plate materials have been devel-
oped, both conductive composites and metals.
This project is continuation of the research done
at PEMFCTEHO (Power-pack solutions of
PEMFC), which was a sub-project of “Develop-
ment and productization of fuel cell materials”
2002–2003.

The general objective of FINSOFC was to create
possibilities for SOFC-related business to the
companies involved in the program. It also offers
good facilities for research and education to the
Finnish universities. However, the concrete target
of the project was to construct a natural gas fu-
elled 5 kWe SOFC (planar type) power plant
demonstration connected to heat and electricity
grids and run it for a long period of time to gain
valuable operational experience. The plant did
run for 7000 h. Other accomplishments of the
project are construction of a prereformer natural
gas. This has been operated for 10 000 h. A
prereformer for diesel oil has also been devel-
oped. The reformer is performing well and has
been tested for more than 1000 h. Cell and short
stack test riggs have been developed and con-
structed. A number of cells and short stacks have
been tested for periods up to 3000 h using natural
gas reformate both with sulphur and without sul-
phur. A dynamic system model of the SOFC
power plant demonstration has been composed
and it comprises all main components of the real
system: the SOFC stack situated in a furnace,
autothermal reforming (ATR) unit, catalytic af-
terburner and anode and cathode side heat
exchangers.

Michael Gasik
Helsinki University of Technology – TKK
Laboratory of Materials processing and
Powder Metallurgy (MVT)
P. O. Box 6200, FIN-02015 TKK, Finland
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1 PH =pressured hydrogen tank, MH=metal hydride, HFP=hydrogen flash power

2 ECH=Electrochemical Hydrogen Compressor



4.3.1 Introduction

“Distributed Modular Hydrogen System” re-
search project was lead by Helsinki University of
Technology (TKK), Laboratory of Materials pro-
cessing and powder metallurgy (MVT), in Espoo
(FIN). The main partners were HIAT oGmbH
(DE), Hydrocell Oy (FIN), Japan Steel Works (J),
Kompozit-Praha (CZ), Labgas Oy (FIN), MG
Innovaatiot Oy (FIN), Rollerco Oy (FIN) and
Woikoski Oy (FIN). The project was carried out
during 01.06.2004–31.12.2006 period and it was
a part of the Tekes’ Distributed Energy Systems
(DENSY) technology program and IEA HIA
Task 17.

Focussed research areas were advanced hydro-
gen storage (PH, MH, HFP)3 hydrogen genera-
tion (electrolysis, HFP) and machine-free com-
pression (EHC)4, electrical power generation
(AFC), waste heat/cold recovery (thermal man-
agement), modular system total design, simula-
tion and optimisation (power conditioning), ap-

plied safety issues (leak tests) and system opera-
tions (H2/DC/ heat supply, blackouts activations,
infrastructure). The layout of potential distrib-
uted modular hydrogen system (DHS) is pre-
sented in Fig. 4.1.

Part of the project, “Combined Metal Hydride
and Composite Tanks Hydrogen Storage”, was
linked to in IEA’s Hydrogen Implementation
Agreement (HIA) Task 17 (Solid and Liquid
State Hydrogen Storage Materials). Within this
framework it was possible to participate in Task
17 scientific seminars (Charleston, USA, Febru-
ary 2005, Utsira, Norway, May 2005 and Tate-
shima, Japan, October 2005). Researchers have
highly appreciated information gain from infor-
mal discussions e.g. from safety issues. TKK rep-
resentatives have separately attended IEA HIA
ExCo meetings as alternate members and re-
ported about the co-operation.

The results related to Task 17 are shown below to-
gether with other project specific results (a sepa-

80

Figure 4.1. The layout if the distributed modular hydrogen system. Waste
heat recovery unit (MG Innovaatiot Oy) is not shown here.

3 PH = pressured hydrogen tank, MH=metal hydride, HFP=hydrogen flash power

4 EHC = Electrochemical Hydrogen Compressor



rate report on Task 17 has been submitted in Au-
gust 2006 to IEA and it is available from the site
www.ieahia.org).

4.3.2 Project results

All major components (Fig. 4.1) were tested as
received from suppliers taking part in the project
and their operating properties were integrated to
new model of virtual hydrogen station. Some ex-
perimental testing on focused research areas was
also needed to e.g. find out safety issues (leak
tests).

Hydrogen Flash Power (HFP) is innovative sys-
tem concept, design needs to be developed in fu-
ture projects. Target is to provide high-density
storage of H2 (>7% wt.) for either mobile appli-
cations or for the case of UPS-function or in the
case of systems’ blackouts. Hydrogen and some
heat would be released by adding dosing water
“on demand” in the case of a blackout or unavail-
ability of DC/AC power. The HFP will be based
of NaBH4 (sodium borohydride, SBH). After
screening of potential combinations of mixtures

of SBH with some additions, a suitable compro-
mise was chosen with has more than three times
lower exothermic effects (0.28 kWhth/kg), rela-
tively high net hydrogen storage (8.6 wt. %,
equivalent to ~950 NL H2/kg of mix), does not in-
crease pH with time, does not emit fuel cells poi-
sons like NH3, CO or CO2, results in only neutral,
harmless and fully disposable substances. This
solution is believed to be cost-effective vs. pure
SBH or any other combination. Since SBH and
the other component are solid powders, they
won’t react until water is added to the mix. Nearly
neutral pH should be helpful to prevent corrosion
issues. To implement the system with SBH, wa-
ter-dosing system should be integrated with the
MH storage tank (of whatever design).

TKK started studies of novel composite shell in-
tegration with MH storage. In 2004, typical AB5

(La0.85Ce0.15Ni5 and La0.7Ce0.3Ni5 commercial
powders, also those alloys with additional alu-
minium) were analysed as a benchmarking mate-
rial. Basic PCT curves were measured for 40–550
NL H2/h (120-1650 W LHV) charge/discharge
rates and with different heat management rou-
tines, Fig. 4.2.
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Figure 4.2. Example of the PCT surface of the La0.7Ce0.3Ni5 powder (rate 40
NL/h). Points are experimental measurements.

http://www.ieahia.org


Such approximation has allowed using of a spe-
cial correlative equation to be implemented into
simulation algorithms to optimise different stor-
age design versions. These solutions were used in
a commercial product development, Fig. 4.3.

Chosen Electrochemical Hydrogen Compressor
(ECH) was product of HIAT (Germany). It de-
signed for productions of 200–1000 NL/h H2 via
PEM conversion for a pressure gains ~16:1
(<30:1). ECH ideal cell potential is only 0.045V
for 30:1. The cell potential is depending only on
pressure ratio.

Hydrogen pressure tank has been designed to be a
“smart”. Tank has a logic control for multiply in-
puts and users. It is completed with overpressure
protection and interactive monitors for own state.
Tank will command hydrolyser and EHC when
needs to be refilled. Hydrogen tank is used as a
buffer for fast car charge (day) and refilling
(day/night) with e.g. solar or wind power.

Hydrocell provided alkaline fuel cell (AFC)
stack. Stack is based on one unit cell (may be
combined in 6-unit packs and also connected in
parallel). System was optimised by varying hy-
drogen supply (in other words current was lim-
ited) assuming that airflow supply was enough.
The AFC stack gives power of 90W at 12V DC

with electric efficiency ~60% (the ratio of real
power generated to the LHV value of fuel sup-
plied) and performance ~74% (the ratio of real
power generated to theoretically possible electric
power at fixed fuel supply), with heat recovered
~23% and maximal running time (UPS) 9.8 hours
(for full tank of 12 g H2).

A proper automatic system to control AFC
stack’s power conditioning is desirable: variable
active load result in efficiency losses. With proper
control efficiencies up to 65% (DC) and perfor-
mance up to 85% are achievable. Internal heat re-
covery 20–60% is possible when purging MH
storage.

The principle of the enthalpy recovery device
used in the project is based on the reversibility of
the gas flow (air, hydrogen, etc.) through the
chamber, which has heat/cold accumulator. The
rationale for the tests was that AFC and MH out-
put air contains significant amount of water
vapour and thus presents a high energy value vs.
input air. By properly condensing water inside
the device, this humidity variation may be con-
verted into heat to transfer it to input air and thus
equalise thermal balance of AFC stack, EHC and
MH cooling/heating etc. Based on temperature
measurements, the effective energy recovery was
calculated and for the steady case it takes about
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Figure 4.3. Commercial MH storage tank (AB5) using novel heat exchanger, implemented with
an alkaline fuel cell (left) and the fuel cell electric scooter (right), Hydrocell Oy.



6–10 kJ/m3 air passed. The tests has demon-
strated the 40–60% temperature recovery effi-
ciency (humidity effect was not measured, it will
add other 20–30% more) and possibility of en-
ergy recovery not only for the DHS alone but also
when it will connected to the whole energy man-
agement chain of the building where DHS is lo-
cated (e.g. ventilation).

Major components were tested and their operat-
ing properties were integrated to new model of
virtual hydrogen station. Modular units simula-
tions of hydrolyser, EHC composite tank and fuel
cell module clarifies their logics, basic relation-
ships and interfaces were made. The simulation
was implemented into a software, where basic
correlation equations, internal and connecting
logic between different components, which re-
semble realistic automation of the system in
life-size.

The whole system simulation was made for a
small house assuming the set of a typical (fixed)
parameters, for instance stationary tank of 20 m3

with maximum 700 bar compressed hydrogen
storage, 56 AFC in a serial stack, sleep DC power
demand of 150W and maximal DC power de-
mand of 2000W at peak load (by-heat production
was counted). For different scenarios additional
hydrogen generation was imposed on demand as
350 NL/h (based on hydrolyser) if SOC of the
storage tank went too low (this automatically sets
AFC stack off, as shown above so no DC power
generated and consumed at the same time). The
power demand was composed of the above limits
adjusted by daily load and harmonic variation
over the year (lower demand for summertime).
Power demand needed by hydrolyser and EHC
was counted as negative power (consumed) in the
whole balance:

Energy delivered by AFC stack +7660 kWhel

Energy by-heat from EHC
and hydrolyser +28 kWhth

Energy delivered to hydrolyser -4989 kWhel

Energy delivered to EHC -41 kWhth

Hydrogen
consumed -711.2 kg, generated +51.6 kg

4.3.3 Conclusions

The simulation algorithm has been demonstrated
to produce adequate evaluation of the power and
energy balances (DC, hydrogen, heat). Final de-
sign also requires a proper heat management
module, but it was found to be dwelling-depend-
ent, so in a real application these modules should
be connected to e.g. fresh air supply, local heating
etc. to ensure the proper balance of temperature
and ventilation. Additional interface for car
tanking has been also developed and can be con-
nected into the whole system.

Even with this simple model it is possible to find
the operational windows for the simple distrib-
uted energy system like size of the storage tank
and AFC stacks vs. power demand. To build up a
real hydrogen station means larger financial in-
vestments. Thermal management using advanced
ERV (enthalpy recovery ventilator) concept, heat
recovery from air (annual), oxygen storage (by-
product from hydrolyser), and heat recovery cir-
cuit still must be designed to close the complete
polygeneration system. HFP can be used as back-
up solution to start the system after shutdown or a
blackout and it is not very dependent for the DHS
internal structure. For large-scale module design
proper integration with off-grid power (solar,
wind) is needed (e.g. Utsira’s experience).

The experience acquired during this project al-
lows now extending R&D towards practical
novel tanks design, where new MH materials
might be employed besides AB5 and SBH. Both
reversible and non-reversible materials were
demonstrated to be feasible with this system
(tank, heat management, balance of plant). In fu-
ture safety issues need to re-considered (e.g. if
alanates or the like advanced materials will be
used).

Future studies will also include advanced heat
management to improve heat recovery (either
from charge/discharge or adjacent fuel cells or
BoP components), control system and integration
of the MH storage with practical applications.
The work is being continued under framework of
new national and international projects.
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4.4 Analysis and optimization of
heat exchangers for fuel cells

Markku Lampinen
Helsinki University of Technology – TKK
Laboratory of Applied Thermodynamics
PL 4400, 02015 TKK, Finland

4.4.1 Introduction

A CHP system based on fuel cell technology in-
cludes several gas recycling, heat exchanger and
transfer equipments and solutions. However, the
linking of these systems is not well understood or
analysed, although the quality of the linking may
in practise be the decisive issue, that defines the
efficiency of the system. In this study fuel cell
based CHP-systems were analysed and opti-
mized by thermodynamical methods and tools.

The main objectives of the project were to find
out the critical internal linkages of the different
components in fuel cell system based CHP-appli-
cations and to analyse and optimise these mutual
interactions in a sense of the total system opti-
mum. The study included both the low (PEM)
and high (SOFC) temperature fuel cell systems
but the emphasis was in SOFC systems. The fo-
cus of the study was in whole fuel cell system and
its components (heat exchangers, reformer, etc.)
whereas there was no technical development of
the fuel cell unit itself.

4.4.2 Work undertaken

There were three work packages in the project. In
the first work package the thermodynamical anal-
ysis (i.e. exergy analysis, entropy analysis, ther-
modynamic equilibrium calculations, thermal
and mass transfer calculations etc.) of different
system possibilities were carried out. During the
analysis the thermodynamic role of the different
components was clarified and after that the opti-
mal process parameters and coupling of the
whole system was defined.

In the second work package a feasibility of differ-
ent heat exchanger possibilities for the fuel cell
systems were more precisely worked out. The

fuel cells and fuel cell systems have specific fea-
tures which may set new kind of limitations or de-
mands for heat exchangers compared to more
conventional CHP systems.

The third work package contained an analysis of
demonstrations or simulations of the fuel cell sys-
tem in a CHP application in co-operation with
VTT.

4.4.3 Methods

A new optimization procedure was developed.
All the processes are assumed to be adiabatic and
no pressure losses were considered. The evalua-
tion of the system’s quality consisted in the
exergy losses in different components. One ex-
ample of systems is presented in figure 4.4. For
all the components energy fluxes were defined
and calculated taken in account temperature lev-
els determined by earlier components:

(1)

where P i the power of the component and sum
terms the enthalpies of outgoing and incoming
fluxes of the component, respectively. The com-
positions of gas fluxes from reformer, fuel cell
and burner were defined by equilibrium assump-
tion, i.e thermodynamically by minimizing the
Gibbs energy:

(2)

where Gibbs energy G is defined as

(3)

The conventional expression of exergy is pre-
sented in an inequality form and with not well de-
fined magnitude called ambient temperature. In
this project a new presentation for the real work-
ing power was formulated by combining the first
and second law of thermodynamics and by sepa-
rating the system into heat-absorbing and
heat-emitting parts:

84

P n h n hi i
out

i i
in

+ − =∑ ∑! ! 0

dG
G

T
dT

G

p
dp

G

n
j
dnp n T n T p ni i

=
⎛

⎝
⎜

⎞

⎠
⎟ +

⎛

⎝
⎜

⎞

⎠
⎟ =

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

δ
δ

δ
δ

δ
δ, , , ,

G G T p n n H T p n n

TS T p n n

i i

i

= ( )≡ ( )−
( )

, , ,... , , ,...

, , ,...

1 1

1



With this new formula a new, system depending,
definition for ambient temperature can be found
and a real comparing of different system alterna-
tives is possible.

4.4.4 Results

During the project it had become clear that the
conventional definition of exergy (loss) is not
convenient to analyse and optimise the system,
because the mutual interactions of different com-
ponents stay unclear. By using the new expres-
sion defined in the project the effect of these in-
teraction can be taken into account.

With the optimization procedure developed in the
project fuel cell systems, like in figure 4.4, with
several different input parameters were analysed
and optimized. As an example in figure 4.5 is pre-
sented how the incoming mass flow of air affects
to the exergy losses (ie. lost power) in different
components.

In the analysis proved that there is an operation
area, where the system is extremely sensitive to
any change in input parameters. On the other
hand the operation parameters can be defined
also so, that the system behaves very stably. A de-
tailed analysis of the limits of unstable and stable
situations was made in the project.

From the system components, reformer and heat
exchangers were analysed more precisely. Re-
former study consists of equilibrium state calcu-
lations, temperature, pressure and mole fractions
as parameters. From the reforming technics
steam, autothermal and partial oxidation were in-
cluded in the study and from the fuels methane
and (bio)ethanol.

Heat exchangers were studied both thermody-
namically and experimentally. The main result of
theoretical consideration was that the exergy
losses due to heat losses may easily be 90% of the
total losses and that heat insulation has to be
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Figure 4.4. An example of CHP-systems analysed in the project
(HE = heat exchanger).
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taken seriously. Heat exchangers were also stud-
ied in laboratory tests. In the fuel cell based CHP-
systemseffective gas-to-gas heat exchangers are
needed. On the other hand commercial heat
exchangers are most often gas-to-liquid based. In
tests it was found out that the commercial heat
exchangers can be used in these systems, but they
need to be modified. In figure 4.6 is presented a
modified gas-to-liquid heat exchanger developed
and tested in the project.
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Markku Lampinen, Ralf Wikstén: Theory of effective
heat absorbing and emitting temperatures in en-
tropy and exergy analysis of combined flow sys-
tems, Accepted to be published in J. Non-Equi-
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Master’s Theses
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Paula Tynjälä: Thermodynamic analysis of pre-re-
forming methane in SOFC system, Course
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Engineering, large, 2.1.2005.

Outi Engman: Thermodynamic analysis of SOFC-sys-
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Figure 4.6. Modified gas-to-liquid heat
exchanger tested as a gas-to-gas heat
exchanger.



Ursula Lirchgässner: Thermal performance of Vahte-
rus Plate&Shell heat exchanger for gas-to-gas
heat exchange, Special Assignment in Applied
Thermodynamics, 8.6.2006.

Kaisu Malinen, Thermal performance of modified
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4.5 Development of a 1 KW
power pack concept
(POWERPEMFC)
2004–2006

Matti Valkiainen
VTT Technical Research Centre of Finland
P.O.Box 1000, 02044 VTT, Finland

Electrochemical energy conversion will play a
key role in the hydrogen economy for the effi-
ciency of the devices is not limited by the Carnot
efficiency limiting thermal devices. Thus fuel
cell markets are expected to grow substantially in
the near future. Typical early application areas
are portable electronics, telecommunication and
computers, emergency supply especially to com-
puter centres and link plus measurement stations
in remote locations: applications, where fuel cells
are competing with primary and secondary bat-
teries. Polymer electrolyte membrane (PEM)
based fuel cells and hydrogen generators are con-
sidered candidates for hydrogen production from
water and conversion back to electricity. PEM
fuel cells are being developed for portable power
sources, distibuted power generation and auto-
motive power. The main R&D issues are to in-
crease the operational life and to reduce the cost
of the components and systems.

When fuel cells are competing with conventional
combustion engines the early markets can be
found in areas where reduced pollution or other
features add value for fuel cells. Those early mar-
kets are military applications and mining vehi-
cles. When technology matures it will expand to
other traffic solutions, both as Auxiliary Power
Units (APU) and the main power supplies. An-
other major market segment is residential and
distributed combined heat and power. As to in-

dustry, this means possibilities to create new pro-
duction and growing turnover. Already today the
essential components of PEMFC: proton con-
ducting membrane in contact to catalytic surface
and gas diffusion layer (GDL) are available on in-
dustrial scale, which enables the markets to ex-
pand to mass markets.

The key cost factors of PEM fuel cells are the
electrolyte membranes, the catalysts and the bi-
polar plates used to interconnect individual elec-
trochemical cells in series. The long-term objec-
tive is to reduce the system cost from 1000–
10000 €/kW today to 300 €/kW for distributed
power and working machines and to 50 €/kW for
automotive.

Perfluorosulfonated Nafion® membranes by
DuPont are commonly used as the electrolyte in
PEM fuel cells and hydrogen generators. Differ-
ent alternatives are being developed all over the
world.

In the fuel cell projects VTT’s approach is net-
works build up including universities and indus-
try. VTT is also actively involved in international
co-operation, both with EU and other countries.
In this report also some results achieved amongst
the consortium co operation are mentioned.

The project POWERPEMFC has been performed
in co-operation with VTT and Helsinki Univer-
sity of Technology (TKK). The project included
development of PEMFC bipolar plate design and
validating the modelled results in a segmented
cell. Construction of a 1 kW power source includ-
ing stack and BoP was done and control strategies
were developed. Also bipolar plate materials
were developed, both conductive composites and
metals.

4.5.1 Objectives

It is growing interest amongst Finnish industry to
apply PEM fuel cells in various targets. The abil-
ity to design and construct a FC stack and a power
pack will profit the application by facilitating al-
ready the demonstration and prototype version
with appropriate fuel cell engine. This project
supports the application phase of fuel cell power
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by deepening the expertise in the essential areas
of fuel cell operation. Industry will benefit of
that, when it chooses to apply PEM fuel cells in
its applications. The participating companies in-
clude those, which are interested in different
phases in the value chain.

The POWERPEMFC-project aimed to the devel-
opment of a PEM fuel cell based power pack. The
first phase was the power level 1–2 kW, but up-
grading to the level of 10 kW was in the program
during the last year. The construction was de-
signed series production in mind.

This project was started in 2004 with one year
funding the work plan being for three years
(2004–2006). The continuation in 2007 is under
the name WorkingPEM.

The optimisation of the channel structure of the
fuel cell is based on modelling that has been con-
structed by TKK Advanced Energy Systems. The
validation of the model can be based on seg-
mented cell together with the measuring elec-
tronics realized at VTT. The optimization of the
MEA-GDL-structure has been in the program
and reported. The work has included also a study
of the effect of airborne impurities on the FC
cathode. This work was made in LANL, USA by
Mikko Mikkola (TKK Advanced Energy Sys-
tems).

A very important component in the stack is the bi-
polar plate being also that cost wise. This work
has included the design of the bipolar plate. The
development of compression moulding of the bi-
polar plate is includes in the program. Compres-
sion moulded epoxy resin/graphite powder mate-
rials have shown excellent conductivity values.
Materials for composite bipolar plates have been
well defined. Very high graphite powder fill rate
is possible to obtain with specially designed fully
reactive epoxy resin system. The responsible or-
ganisation is VTT.

Metallic bipolar plate materials possess useful
properties from the point of serial production.
The durability of stainless steel materials were
under study. The pre-selection of durable formu-
las was done before characterisation in the fuel

cell environment. The expert organization in
metal properties in this project has been TKK
Laboratory of Materials processing and powder
metallurgy. The test includes analysis of conden-
sate collected from the gas outgoing from the cell.
Also conducting composite material has been
tested identically.

The development of the application has been
done by first acquiring the main auxiliary compo-
nents of the cell: humidifiers pump for air and the
control system together the measuring instru-
mentation and constructing a power generating
FC system based on the stack developed in the
previous project PEMFCTEHO.

The second phase has included the design of a
minimized instrumentation for the BoP. That
means omitting of any components not directly
necessary and minimizing the amount and costs
of the components left. All the necessary compo-
nents including current conditioning were con-
tained in a compartment and all the instruments
were equipped with the necessary converters to
be connected to the control system. The responsi-
ble organisation was HUT Automation Technol-
ogy Laboratory.

The initial idea of the project was based on the
fact that the essential component of the fuel cell:
MEA production exists in volumes basis and the
customer can order the MEAs shaped according
to the stack design. It is thus possible to begin sys-
tem development based on MEA and own know
how. In this paragraph a short summary and con-
clusions are made.

4.5.2 Results

Cells and stacks

The initial design of the cell was done in co-oper-
ation between TKK Laboratory of Advanced En-
ergy Systems and VTT (Figure 4.7). Different
MEA/GDL constructions were going to be tested
in the project in order to know which combina-
tion is most suitable for the aimed stack. Because
of limited availability, the tests were performed
with two combinations. MEA was PRIMEA Se-
ries 56 from W.L. Gore and GDLs were SGK
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10-BB from SGL Carbon Group and Carbel from
W.L. Gore. Based on the results, the recom-
mended GDL is SGL 10-BB if the cell tempera-
ture is relatively low (60 °C), because it was not
affected by possible too low or high humidifi-
cation at that temperature. This also requires that
the stack cooling system is efficient enough in or-
der not to increase temperature of some parts of
the cell too high. If the cell temperature is higher,
the recommended GDL is Carbel.

The MEAs for the cell had been already ordered
to be PRIMEA® Series 57 and the gas diffusion
layer Carbel® from the same company. The MEA
Series 57 is designed for reduced balance of plant
requirements. It can be concluded that the results
can be applied also to Series 57 MEA, which is
more tolerant to low humidification than Series
56.

The effect of impurities

This work was made in LANL, USA by Mikko
Mikkola (TKK Advanced Energy Systems). Air
contaminants may affect fuel cell performance by
many different mechanisms. The effect of NaCl
on PEM fuel cell performance was studied. So-
dium is known to replace protons in Nafion®

polymer, thus increasing cell resistance, and
chlorine ions adsorb to the catalyst surface, de-
creasing the number of available reaction sites. In
this study NaCl was injected in an operating sin-

gle cell and degradation of performance ob-
served.

The results showed that the performance loss
could be attributed to changes in proton conduc-
tivity due to the displacement of protons from the
membrane by sodium ions. The effects of chlo-
ride ion on catalysis were not evident, although
they could be important under longer and higher
potential operation. The change in proton con-
ductivity was not accurately reflected by HFR as
sodium ion conductivity and ionic conductivity
in the electrodes could not be separated.

The amount of NaCl used in the experiments pre-
sented here was very large. While the exposure
time was relatively short, the total salt exposure
would be more than most fuel cells could expect
to see even under the harshest conditions (marine
applications or stationary devices in coastal re-
gions).

Optimization based on modelling

Flow field distribution and end plate structure
have been modelled and a 2-D fuel cell model
that takes into account the inhomogeneous com-
pression of GDL in order to optimize the rib/
channel -structure of the flow field plate have
been made.

The flow field properties of the POWERPEMFC
-project cell were studied with a finite element
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Figure 4.7. The channel structure of the flow field plate.



method based model that was implemented with
commercial finite element software Comsol
Multiphysics (previously called Femlab). The re-
sults showed that for a parallel flow field design,
which typically has an uneven flow distribution
in the channels, the channel configuration was
relatively good. In order to make the flow veloc-
ity distribution more even, the distributor channel
geometry was modified. The flow velocity distri-
butions in the original and modified distributor
channel geometries were also studied experimen-
tally and the results were in agreement with the
modelling data.

The main function of the end plates is to offer me-
chanical support for the stack. The pressure dis-
tribution in the stack resulting from the end plates
was studied with finite element modelling. The
original stack end plates of the POWER-
PEMFC-project cell were two centimetres thick
steel plates with a combined weight of approxi-
mately 14.2 kg. The results show clearly that de-
spite its bulkiness, the current end plate structure
could not provide sufficiently even pressure dis-
tributions on the gas diffusion layers of the cell.
Different rib structures were tested to improve the
gas diffusion layer compression and simulta-
neously decrease the end plate mass. When alu-
minium was used as the end plate material, signif-
icant improvements on both accounts were
reached.

In order to be able to optimize the rib/channel
–structure of the flow field plate, the effects
caused by the inhomogeneous compression of
GDL must be known. The GDL intrusion into the
channel was measured with several channel
widths and compression values. The evaluation
of parameters was done with SGL 10-BA. The
gas permeability as a function of thickness was
measured with a purpose-build measurement ap-
paratus. A model that can be used in the rib/chan-
nel –structure optimization was constructed.

Segmented cell

Anode flow field was divided into 60 segments to
study current distribution in the flow field area.
The measurement technique used in this work to
sense the current from each segment is based on
the Hall Effect. The most important result of the
measurements has been validation of the calcu-
lated result of the shape of the distributor channel.
Figure 4.8 shows the measurement device.

Characterisation of a commercial stacks
from SGL Carbon and Nedstack

A 5-cell stack from commercial components
from leading suppliers has been assembled.
MEAs and GDLs were purchased from W.L.
Gore. Bipolar plates, end plates, current collec-
tors and other stack hardware were bought from
SGL Carbon. It was observed that the groove
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Figure 4.8. Measurement device attached to the segmented
cell.



depths had deviations causing uneven pressure
distribution. After replaced by acceptable plates
the 5-cell stack was characterised at 50 C. Tests
showed that flooding of gas channels is a perfor-
mance limiting factor, but it can also be reduced
by proper flow management. During the assem-
bling of the 20 cell stack a mistake was con-
ducted. One of the gaskets in one of the end plates
was misplaced, so the stack was disassembled
and assembled again. The misplaced gasket had a
permanent effect on the performance on the cells
18, 19 and 20. Even if the performance was lim-
ited by the behaviour of the cells 18–20 the per-
formance was sufficient that a power of 1000 W
could be reached. 1 kW 8-cell pemfc stack from
Nedstack was studied as a part of PowerPEMFC
project. Overall performance of the studied stack
seems good and no significant problems were
found during tests.

Design of third generation stack with
graphite composite bipolar plates

In 2006 the stack development was redirected so
that the initial cell has been replaced by the one
that allows cost effective manufacturing and as-
sembling. Due to requirement of low pressure
drop on the cathode straight channels were cho-
sen. On the anode and cooling side conventional
serpentine channels are used. It was possible to
get the stack gas-tight and the performance was
acceptable. The cell voltage was 20-30 mV lower
than in small single cell with the same operational
parameters. This is an excellent result. Pressure
drops were as planned for the gas channels but for
the cooling channels the values were higher than
planned. Figure 4.9 shows the cathode design.

On the anode side and on the water side the cho-
sen geometry was multiple serpentine. The de-
signs are shown in Figures 4.10 and 4.11.
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Figure 4.9. Cathode design and gasket.

Figure 4.10. Anode side

Figure 4.11. Cooling cell



On the water side is possible to use thicket gasket
and place a Grafoil layer on top of the water chan-
nel. This possibility was used in the project.

Composite bipolar plates

Research at VTT Advanced materials has pro-
duced competitive properties for PEM fuel cell
bipolar plates. A series of tryouts was made to
learn and define details of manufacturing prac-
tices.

Steel bipolar plates

A channel structure was formed on the steel sam-
ples by electro discharge machining in order to
use the samples in single cell test arrangement.
Voltage drop during constant current operation
and corrosion metal ions in the exhaust gas con-
densate were observed. It was found that the con-
centration of corrosion products is more pro-
nounced on the anode side. The voltage drop ver-
sus time data is from a short period of time (Table
4.1).

Development of Instrumentation and
BoP for the Power Pack

The first version of the control and measurement
system has been built around the “old” 18-cell
PEM stack developed in the previous project. The
second version of the BoP and control system is a
pre-commercial prototype built inside a cabinet.
The BoP and the control system have been set up
successfully and tested during operation. Figure
4.12 shows the air and hydrogen circuit and in-
strumentation.
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Figure 4.12. Air and hydrogen circuit instrumentation

Sample material Voltage drop rate mV/h

Anode Cathode

316 L 1.08 0.18

904 L 0.7 0.4

309 S 0.3 0.4

Composite 0.25 0.13

Reference 0.11

Table 4.1. Voltage drop rate during the bipolar
material test. The composite material is made
in March 2005.



The one kilowatt system was build around the 20
cell SGL stack, Figure 4.13. The nominal gross
power of 1100 W was easily obtained by using
air pulses to drive the excess water out from the
cathode channels. The hydrogen stoichiometry
has been varying between 1.1 and 1.2 during the
tests.

Net power of the system remains at 900–950W
because of the air pump not very economical:
~2.4 W consumed at a rate of one litre per min-
ute. This leads to the system net efficiency
~31–33%.

The prototype BoP could be developed to a series
product after some modifications and additions:
especially less energy consuming pump would be
necessary. The current inverter needs to be ap-
plied depending on the application.

4.5.3 Networking

Participants of POWERPEM were VTT, TKK,
Tekes, Labgas, FY-composites, Outokumpu,
Wärtsilä, MSC-electronics. International coop-
eration included participation in the EU project
FCTestNet during 2003–2005 and the IEA Ad-
vanced Fuel Cells annexes IEA-Annex XVI
Polymer FC, IEA annex XXI Portable fuel cells
and organisation of CEA/VTT workshops.
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Figure 4.13. a) The 1 kW Power Pack under test drive b) The controller centre
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4.6 The national SOFC project
FINSOFC

Jari Kiviaho
VTT Technical Research Centre of Finland
P.O.Box 1000, 02044 VTT, Finland

4.6.1 Introduction

The aim of the Finnish publicly-funded solid ox-
ide fuel cell program (FINSOFC) is to develop
technology for a SOFC power plant demonstra-
tion and to provide a development platform for
industrial enterprises in order to support their de-

velopment work. The program was originally
proposed by Wärtsilä Corporation, which is in-
terested in the large fuel cell applications in a
power range of 50 kW to 5 MW to be used in vari-
ous CHP and marine applications. The program
is also supported by several other companies with
interest in different business areas related to the
SOFC technology such as production of balance
of plant (BOP) components or utilising SOFC
systems in a wide range of possible applications,
e.g. as distributed combined heat and power sys-
tems and auxiliary power units (APU). This plat-
form development program is managed by Fuel
Cell Group at VTT Technical Research Centre of
Finland.

4.6.2 Objectives

The general objective of FINSOFC is to create
possibilities for SOFC-related business to the
companies involved in the program. We also offer
good facilities for research and education to the
Finnish universities. However, the concrete target
of the project is to construct a natural gas fuelled 5
kWe SOFC (planar type) power plant demonstra-
tion connected to heat and electricity grids and
run it for a long period of time to gain valuable
operational experience.

Description of experimental work

In practise, the program is divided into four
subprojects with own targets, but the targets are
linked to the construction work of the grid con-
nected natural gas fuelled SOFC based 5 kWe

power plant demonstration (SOPOP). The
subprojects are 1) Fuel processing, 2) Characteri-
sation of fuel cells and short stacks in real opera-
tion conditions 3) System and BOP-component
development and 4) System modelling.

Fuel Processing

In fuel processing the main fuel choices are natu-
ral gas and commercial low sulphur diesel (5
ppm) but also bio-based fuels like methanol will
be processed. Autothermal reforming (ATR) was
chosen for fuel processing due to the flexibility of
the technology i.e. the process can be operated in
steam reforming (SR) and catalytic partial oxida-
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tion (CPOX) modes. In Finland, natural gas co-
mes from Russia and contains mainly methane
(97.7 mol-%) and minor amounts of ethane (0.8
mol-%), propane (0.3 mol-%), nitrogen (0.9
mol-%) and trace amounts of other component
(0,3 mol-%) such as higher hydrocarbons and
sulphur odorants.

Characterisation of fuel cells and short
stacks in real operation conditions

The characterisation of unit cells and short stacks
is mainly done in collaboration with EU IP
Real-SOFC project. Cells and stacks are deliv-
ered by European developers such as Research
Centre Jülich (FZJ), HTceramix (HTc) and En-
ergy research Centre of the Netherlands (ECN).
The purpose of the cell and short stack characteri-
sation is to deliver information for system con-
trolling purposes; e.g. how the system should be
controlled during load changes and under differ-
ent gas compositions. In addition, benchmarking
for unit cells from different manufacturers has
been conducted.

Unit cell test stations (Figure 4.14) have been ac-
quired from ECN and they have been modified
and fully automated for our own purpose by VTT.
Humidified (3%) hydrogen, synthetic reformate
(H2, CH4, CO, CO2, N2 and H2O), single
reformate component and real natural gas
reformate are used as fuels for unit cell testing.
Short stack testing facilities (Figure 4.15) are de-

signed and constructed at VTT and hydrogen,
synthetic reformate and real natural gas and die-
sel reformates can be used as a fuel.

Cell and short stack testing includes for example
conventional reverse IV-curves, and studies of the
load following capability, thermo cycling, degra-
dation behaviour up to 4000 hours, fuel utiliza-
tion, fuel contaminants, fuel composition varia-
tion, impedance spectroscopy and microscopy.

System and BOP-component
development

The purpose of system development work is to
demonstrate a small-scale combined heat and
power plant (CHP) that includes all main BOP
components needed in real power plant operation
(Figure 4.16). The system operates at atmo-
spheric pressure using autothermally reformed
natural gas as fuel. Alternatively, hydrogen can
be use as fuel as well during operation or in sys-
tem stand-by situations. The system is designed
for a planar anode-supported stack. The first 5
kWe stack was delivered by Research Centre
Jülich.
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Figure 4.14. Unit cell test station. Figure 4.15. Short stack test station.



4.6.3 System modeling

The power plant modelling consists of the prepa-
ration of modelling tools for key system compo-
nents. The developed tools were implemented
into the Advanced process simulation environ-
ment APROS®. APROS, which has been devel-
oped for 20 years by VTT and Fortum Nuclear
Services, offers tools, algorithms and model li-
braries for the full-scale modelling of dynamic
processes with automation systems. An integral
goal of the modelling work is to verify the appli-
cability of the developed tools against experi-
mental results obtained from the individual com-
ponent level up to system scale.

4.6.4 Examples of results

Fuel processing

Reforming of fuels with commercial monolithic
noble-metal catalysts has been performed in
varying operating conditions. A natural gas re-
former has been operated well for more than
10 000 hours as shown in Figure 4.17 and a diesel
reformer has been operated well for a shorter pe-
riod of time.

Pre-reforming in SOFC applications is necessary
in order to remove the hydrocarbons higher than
methane, which may coke the anode. Another im-
portant aspect of the pre-reforming is to control
the methane content in the reformate fuel feed.
As the steam reforming is endothermic, the stack
temperature can be controlled with the methane
content. Effective control of the methane content
reduces also the need of excess air at the cathode
otherwise necessary for stack cooling. In the ex-
periments, it has been possible to vary the amount
of methane in the fuel stream between 0 and 30
mol-% in a few minutes. Therefore, the amount
of methane is a powerful and fast tool for control-
ling the stack temperature during system opera-
tion. Reformer is thus not longer only a fuel pro-
cessor but it is a part of the system control.

Pre-reforming of diesel has been done success-
fully and faradic equivalent efficiencies between
75-80% have been reached. The average compo-
sition is adequate for SOFC applications (H2 = 35
mol-%, CO = 12 mol-%, CO2 = 9 mol-%, H2O =
13 mol-% and N2 = 31 mol-%). Only trace
amounts of hydrocarbons (ppm-level) could be
detected from the fuel stream. Carbon formation
is not a problem during operation, including the
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Figure 4.16. System lay-out of the grid connected natural gas fuelled
SOFC based 5 kWe power plant demonstration. The system consist of
planar 5 kWe stack, ATR, Hex for fuel, air and exhaust gas, catalytic after-
burner, power conversion, grid interconnection, automation, measurement,
control and safety system.



start-up and shut-down procedures, for this diesel
pre-reforming system.

In the case of natural gas, two different methods
have been tested for sulphur removal. Sulphur
odorants have been removed before the reform-
ing unit by using commercial sulphur absorbent
or from reformates after the reforming unit by
using a zinc oxide bed. Both methods have been
found to be effective enough and no sulphur can
be detected after the sulphur removal units. In
the case of diesel, sulphur has been successfully

removed after the reformer by using a zinc oxide
bed.

Cell and short stack testing

An example of a short-stack test is depicted in
Figure 4.18. The purpose of the test was to study
the effect of sulphur on the stack performance.
Three different conditions were used during the
test. Sulphur free fuel was used between 0–1000
h, sulphur rich fuel (2.8 ppm of H2S) between
1000–2000 h, and sulphur free reformate be-
tween 2000–3000 h. As can be seen from Figure
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Figure 4.17. The natural gas reformate is well suited for SOFC operation and the main fuel
components are hydrogen and methane.

Figure 4.18. Cell voltages during the sulphur tolerance test of
the short stack. The fuel (H2 = 39 mol-%, CH4 = 7 mol-% N2 = 26
mol-%, H2O = 28 mol-%) and air utilisations are 20%, and current
density is 0.5 A cm–2.



4.18, sulphur did cause an increase in the cell deg-
radation. With the sulphur free fuel, the degrada-
tion rate was 6 % (0–1000h and 2000–3000h),
and with the sulphur rich fuel (1000–2000 h), the
degradation rate was doubled. Two kinds of sul-
phur poisoning could be found: reversible and ir-
reversible.

System and BOP-component
development

The power plant demonstration was started in
May 2006 and the test continued for 7000 h (Fig-
ure 4.19). The power plant demonstration pro-
duces electricity to the laboratory grid in the
power range of 3–6 kWe depending on the operat-
ing parameters.

System modelling

A dynamic system model of the SOFC power
plant demonstration has been composed and it
comprises all main components of the real sys-
tem: the SOFC stack situated in a furnace,
autothermal reforming (ATR) unit, catalytic af-
terburner and anode and cathode side heat
exchangers. Additionally, the model includes
piping with heat losses along with appropriate
valves and other basic components. Furthermore,
basic control systems have been implemented in

the model. Two different models have been used
for the modelling of the SOFC stack: a 0D-model
requiring low CPU time and a more accurate
1D-model capable of delivering the temperature
distribution in co- and counter-flow SOFC
stacks. The 1D-model has been developed by
FZJ and it has been implemented to APROS in a
trilateral project between VTT, FZJ and Wärt-
silä Corporation. The system model has been
verified against experimental results obtained
from the actual power plant demonstration.

4.6.5 Conclusions

Good facilities for research and education have
been created to the Finnish enterprises and uni-
versities. Simultaneously, very successful work
in selected areas such as fuel processing, cell and
stack testing, system development and modeling
has enabled the construction of a successfully op-
erating 5 kWe SOFC based power plant demon-
stration.

Impacts

In addition to the general impacts on creating hu-
man resources and facilities for the development
of SOFC technology the project has given strong
support for Wärstilä and other companies in their
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Figure 4.19. Long period experiments of the power plant demon-
stration. Degradation is about 1%/1000 hours at 0.35 A/cm2 when
fuel utilisation is 70%.



development work trough developing modeling
and hard ware and educating personnel. During
this short period the SOFC research group has
grown to such international standard that it now
coordinates an 11 million euro projects including
nine participants from different European coun-
tries. Important developments are natural gas re-
former, diesel reformer, catalytic after burner,
control systems for research facilities and dem-
onstration units as well as soft ware tools for dy-
namic simulation of balance of plant components
and the demonstration power plant itself.
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5 ICT

5.1 Introduction

It is apparent that technical development ICT and
automation has brought new opportunities for lo-
cal power production. On the other hand, while
small plants are usually low cost in building, the
added cost of including expensive data communi-
cation systems or remote operation systems can
be too much. The combination of new hardware,
communication, and software technologies cre-
ates opportunities to achieve two-way interaction
with all kinds of power network nodes, customers
and customer equipment and to more autono-
mous, flexible self-managing (self-configuring
and self-healing) system of networks. These
novel ICT-enabled solutions will be key contribu-

tors in realizing reliable and efficient power dis-
tribution systems with high degrees of distributed
power production.

Data collection and communication in distrib-
uted energy systems still vary with plants and
functions. To some extent these are already auto-
matic, but in data processing this is seldom the
case. Some data is still collected manually and
even sent by mail for further processing for statis-
tical or custom purposes. However, the develop-
ment in the field is rapid and there are various ac-
tivities in e.g. the EU-funded programmes. Due
to the rapidly developing data acquisition and
transfer, many new functions are becoming pos-
sible. As sites may be small in size and numbers,
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Netcontrol Oy

Netcontrol Oy, which specialises in monitoring and controlling systems for power production and
supply, has developed a local automation system for operating and monitoring power plants and
large companies in the industry sector. It is also used for monitoring and controlling the grid in rail-
way traffic. The innovation was funded by Tekes.

The monitoring and controlling system plays a decisive role in distributed energy systems. The
system must constantly signal information on the network’s operability and production, and con-
trol new challenges of the energy production in the grid. A failure in the controlling system may
paralyse the entire power supply chain.

Netcontrol’s automation system can be used for monitoring and controlling both the grid and the
power production. Control features enable the registering of the events in the grid in real time, de-
tecting problem situations and alarming and reporting them. Additionally, automation operations
can be constructed to quickly locate the failures in the grid and automatically define the point of
failure. In power production, the system is being used particularly for the control and optimisation
of the production. The system continuously calculates the most cost-effective way of producing
power.

The focus has been in local information traffic between different appliances and between appli-
ances and central control unit. The system enables the information traffic of the distributed energy
systems and centralised monitoring, control and optimisation of connections. Hundreds of systems
have already been sold in Finland, Norway, Sweden and Estonia.



expensive and sophisticated information systems
will not be rolled out everywhere.

The ICT solutions to provide for such needs al-
ready exist today. It has therefore not been the ob-
jective to develop new ICT technology, but rather
to apply existing technological solutions in the
energy sector. The fast development in automa-
tion in general makes even the latest technology
soon outdated, unless it immediately finds its way
to the marketplace.

5.2 List of projects

Mikkeli Polytechnic
Development of automation and
data transfer for small heat centrals

Date of funding decision: 27.5.2004
Research project, finished

VTT Industrial Production
Local energy resources in distributed
energy systems

Date of funding decision: 26.6.2003
Research project, finished

Helsinki University of Technology
TCP/IP achitecture in control of
distributed generation

Date of funding decision: 12.6.2003
Research project, finished

University of Vaasa
Information map for energy system
management

Date of funding decision: 5.6.2003
Research project, finished

5.3 Automation and data
communication for small
heating centrals

Mikkeli Polytechnic

Traditionally, the automation of small boiler
plants especially in district heating systems is im-
plemented with unit controllers and alarming is
often implemented with a simple one-way alarm
system. Small plants usually work as a stand-
alone unit and are not expensive to build, so it is
not economical to include expensive data com-
munication systems and remote operation sys-
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Technology Centre Oy Merinova Ab

Technology Centre Oy Merinova Ab has analysed the possibilities for using mobile
technologies in controlling interruptions in power supply. The findings show durations
of failures caused by storm etc. can be shortened with help of remote controlling of de-
limiters in medium voltage power distribution network. The remote controlling can be
carried out by several different technologies.

The foundation of the Merinova research was in the possibilities of data and communi-
cation technologies to improve traditional modes of operations used in power supply.
The project mapped out remotely used appliances in the grid using telecommunica-
tion technologies such as GMS, GPRS, 3G and WLAN.

As a case study, a remotely controlled and monitored model for managing the delimiters
in the medium voltage power distribution network was analysed and carried out. Cur-
rently, fixing a power failure caused by storm can take hours, especially in the country-
side where the power lines are long. For example, if a tree falls on the power transmis-
sion line in storm, power transmission must be cut off for the duration of repair.



tems into them. Main goal of this project was to
investigate the automation and communication in
small boiler plants, and to lower the threshold of
implementing automation systems and remote
controlling in small units by designing cheaper
and more easily adaptable automation systems.

The basis of the work in the project “Heat data –
automation and data communication in small
boiler plants” carried out by Mikkeli Polytechnic
was to find out the current needs and difficulties
in the field of automation systems for small heat
and steam boiler plants. A part of this research
was a communication technology research which
was done to serve the needs of remote controlling
and monitoring of plants and systems.

The goal of the research was to create solutions to
help automation system and equipment manufac-
turers, users of automation systems and technol-
ogy development companies to create and adapt
cheap, reliable and profitable automation sys-
tems for small units. An important task in achiev-
ing this goal was to design a reliable and exact
alarm information system and a two-way com-
munication system.

The first phase of the project was to find out the
actual needs and problems currently arising
within the energy companies and automation
manufacturers. Three individual researches for
different types of boiler plants were done by in-
terviewing a large variety of companies and com-
bining the results together. This research clearly
indicated that the interest and need to develop and
make use of automation systems, alarm systems
and communication systems was real.

With the help of a study about automation sys-
tems and their usage in heat supply systems and
boiler plants, research has been done in several
different business areas to find out the actual
needs and requirements of automation systems
and to design solutions to those.

A research about communication systems and
different possibilities to transfer data between
units and controllers was done by comparing dif-
ferent data transfer technologies, their advan-
tages, disadvantages and costs and by designing

and describing a reliable and secure wireless
communication system to be implemented within
a heat supply system.

This project adds valuable information about new
product and service possibilities to companies
operating at the energy and automation industry.
The project produced several research reports
and implemented pilot projects to test the re-
search results in practice. The needs and possibil-
ities of developing automation systems in boiler
plants where analyzed including customers’
needs. Current automation systems and their us-
age in heat supply systems were evaluated with
the possibilities for wireless communication
technologies to be used in the controlling of a dis-
trict heating system.

The actual research- and development cases
where specifically targeted at the enterprises in-
volved in the project.

A pilot project to combine heat system automa-
tion to existing real estate automation system and
to enable remote controlling and monitoring of a
heat plant was carried out as was a pilot project to
implement a reliable communication system to
be used in remote controlling and monitoring.

The results of this project serve energy compa-
nies in their daily operation and for the manufac-
turers, increase the potential of designing new
products and systems to both Finnish and export
sales. With the help of the research results, manu-
facturers of boilers, boiler plants and automation
systems can develop their products to be more
competitive and gain more possibilities to sell
their products, automation equipment and soft-
ware. Real estate automation manufacturers can
widen their area of business to the heat supply
systems. Co-operation of boiler automation and
building automation systems brings advantage to
both parties.

The pilot projects were implemented in an actual
environment and within real use cases, so the re-
sults provided real-world information about the
current situation in the energy enterprises, the ac-
tual needs and problems to be solved and finally,
tested solutions to those problems.
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5.4 Management of local energy
resources in distributed
energy systems

VTT, Technical Research Centre of
Finland

Society is utilising more and more information
and communication technologies and it is be-
coming more dependent on reliable energy re-
sources. There will also be more distributed en-
ergy resources connected to the electrical net-
work. The coordinated management and automa-
tion of such resources becomes more important
and includes new challenges and possibilities.
Distribution requires new ways of working and
management of processes producing integrated
added value. In the area of distributed energy
three commercial levels can be seen: services
supporting the business and business networks,
management and utilisation of local energy re-
sources and control of individual production and
consumption units. Information and communica-
tion technologies and automation are essential in
gaining the aims and in developing the means and
tools for controlling this kind of systems (produc-
tion, transfer, distribution, storage, use).

The aim of the project “Management of local en-
ergy resources”, carried out by a consortium led
by VTT was to describe the area of distributed en-
ergy systems and identify the most important sys-
tems and implementation concepts related to
them. The focus of the research was on systems
less than 500 kW. New and emerging business
models and implementation methods were uti-
lised and taken as a starting point. Descriptions of
cases of distributed energy systems were used to
concretise the areas of the research.

Development needs and opportunities

It is a challenge to make small generation con-
nected to the distribution network economically
feasible. Development in automation and ICT,
however, brings some opportunities that on a me-
dium long term might change the situation. The
most difficult issue is to find a path to develop the

necessary technologies, as they are based on a de-
veloped infrastructure and far standardised basic
solutions.

For developing energy management systems, an
open architecture is of vital importance. This
brings new components and brings competition
that can drive costs down. Also, it must be possi-
ble to combine different components such that
control, maintenance and trade functions can
support each other. Continuously advancing ICT
a will drive this development.

Grid connection has long been a tumbling stone
for distributed generation. Although there has
been a change in the tariff system, there is still a
need for cheap solutions based on readily avail-
able components and semiconductor technology.
Rather the demand is on the side of the network
operator. Distributed generation requires ad-
vanced standardised solutions that are not pres-
ently available although work is in progress. The
fast development in automation in general how-
ever makes new standards soon outdated, which
is a challenge.

In addition to technology, also new business
models are needed to create functional business
networks. Also operational processes are to be
developed and tested. There is also a need to de-
velop model for contractual agreements within
the value chains. The contractual status of an in-
dependent power producer is weak.

It is apparent that technical development ICT and
automation has brought new opportunities for lo-
cal production. The remaining problem is to find
an infrastructure where these solutions can be
planned and operated feasibly. As there are a
number of technologies approaching break-
through, it would be practical to create a focused
strategy for piloting and monitoring new energy
system solutions. Such a system would include
standard solutions for grid integration and meter-
ing and demand side management of both power
and heat to optimise production. The ICT solu-
tions to provide this already exist today.
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The ambition has been to identify and lay the
groundwork for industrial development projects
in the field. These could most feasibly advance
through pilot demonstrations of small scale gen-
eration. At best, these would also show how a net-
work of small specialised companies can operate
an advanced system. Possible sites where distrib-
uted generation could be combined with research
and monitoring activities should be mapped in or-
der to enable monitoring the joint activities of
free agents on the energy market. Such a mapping
could also support a higher grade of automation
in small-scale generation and would be necessary
for the advancement of any Plug&Play-solution
in grid connection.

5.5 TCP/IP-architecture in
control of distributed
generation

Helsinki University of Technology

The data communication requirements and capa-
bilities of distributed energy resources vary today
a lot with the considered type of power plant and
information. Much of the reporting is still done
manually for statistics or state authorities for ex-
ample. However, the branch is developing fast,
with demonstration and R&D projects in national
and EU research programmes.

The production of a power plant is basic informa-
tion used in energy trade, grid tariffs, taxation,
production statistics as well as grid and electricity
system operation. With an advanced billing me-
tering solution, active and reactive power as well
as power quality and power failures could be
monitored. The monitoring and control of distrib-
uted power plants is developing towards remote
use and condition monitoring. This increases the
amount of data communication and the needs for
data analyses. The meteorological conditions
collected by the power plants can also be used for
simulations models and statistics. Advanced data
communication solutions can further be used for
automatic alarms and fuel delivery applications.

The ambition in the project “TCP/IP- architec-
ture in distributed generation control” carried
out by a team led by the Helsinki University of
Technology was to organize a multi-level proto-
col for flexible joint organisation of several com-
munication networks in one system. The work
aimed at defining the possibilities and needs for
data communication and screening thus possible
services. Thus service business opportunities re-
lated to distributed generation can be identified.

Data collection and communication in distrib-
uted energy systems still vary with plants and
functions. To some extent these are automatic,
but data processing seldom is. Some data is still
collected manually and even sent by mail for fur-
ther processing for statistic or custom purposes.
However there is rapid development in the field
and there is a lot of activities in e.g. the EU-
funded programmes.

The most interesting feature is of course produc-
tion data, being a principal magnitude in energy
trade, network and system control, cost alloca-
tion, taxation, statistics, etc. In addition, it is of in-
terest to owners, shareholders, O&M and other
service providers. Energy metering is often dou-
ble and stored in as well the plant controller as in
billing meters. It can be read on site or remotely
and is further processed according to needs.
Some critical operations require real-time infor-
mation on production, whereas others use only
cumulative figures hourly or monthly. Central
and even automated processing would make
many things easier. With developed metering,
many other things than just active and reactive
power can be metered. Most important are fea-
tures related to power quality and information on
disruptions. Such multi-purpose solutions should
be used instead of having separate sensors, me-
ters and communication tools. In distributed gen-
eration there is in general a need or an opportu-
nity for more efficiency and for cost-cutting solu-
tions in data acquisition and processing.

Another important part is plant control and man-
agement, where remote solutions are being more
prominent. This significantly increases the
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amount of data and analysing. So far, small units
have operated unilaterally, without regard for
system needs. With more and more local produc-
tion it will come under control of the distribution
grid, energy system or producer. In addition to
producing active power, plants can contribute to
reactive power control or other predetermined of
real-time guidance.

Condition monitoring will become more ad-
vanced as technology is developed, components
become cheaper and self-diagnosis of compo-
nents will be usual. If data is processed ands ana-
lysed to the extent that an alarm is sent to a central
control only in abnormal cases, the amount data
communication is significantly reduced. Remote
control as a function or even outside service will
thus become more general.

Other features are information on plant opera-
tions that can be used in models, statistics and
public information. In addition, data communica-
tion can be used for fuel deliveries and program-

ming automatic alarms. Metering systems and
data has to be compatible with other used for-
mats. There is no point in creating new protocols,
but it is in the interest of e.g. the grid operator, that
production data has the same format as consump-
tion data. Weather data should be compatible
with information from weather stations etc.

Paikallisten energiaresurssien hallinta hajautetussa
energiajärjestelmässä. Valkonen, Janne; Tommi-
la, Teemu; Jaakkola, Lauri; Wahlström, Björn;
Koponen, Pekka; Kärkkäinen, Seppo; Kumpulai-
nen, Lauri; Saari, Pekka; Keskinen, Simo; Saaristo,
Hannu; Lehtonen, Matti. 2005. VTT, Espoo. 87 s. +
liitt. 58 s. VTT Tiedotteita - Research Notes: 2284.
ISBN 951-38-6532-0; 951-38-6533-9.
http://www.vtt.fi/inf/pdf/tiedotteet/2005/T2283.pdf.

Hajautettujen tuotantolaitosten tiedonsiirtotarpeet ja
-valmiudet. Lemström, Bettina; Holttinen, Han-
nele; Jussila, Matti. 2005. VTT, Espoo. 62 s. +
liitt. 10 s. VTT Tiedotteita - Research Notes: 2283.
ISBN 951-38-6529-0.
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6 Manufacturing technology

6.1 Introduction

One of the promises of small-scale generation
lies in being able to utilise developed industrial
manufacturing to move from economy of scale
(i.e. large power plants) towards economy of
numbers (i.e. large number of power plants) and
thus significantly reducing costs. At the same
time, it needs to be understood that the advanced
manufacturing solutions need big markets to pay
back the investments.

Although industrial manufacturing was one of
the most active areas of the programme, only two
research projects were financed. Also, these were
not pure research projects but to a large extent
project pre-feasibility activities, where eventual
ideas for development projects were pre-as-
sessed. However, the ideas and concepts pre-
sented in these projects have to some extent been
carried forward in the various industrial develop-
ment projects.

6.2 List of projects

VTT, Technical Research Centre of Finland
Material and manufacturing technologies
in small and medium sized boilers

VTT, Technical Research Centre of Finland
Advancing the competitiveness of
distributed energy systems

Ilola, R, Juvonen, P., Virta, J., Eklund, P. ja Flyktman,
M., Pienten ja keskisuurten polttokattiloiden ma-
teriaali- ja valmistustekniikat. TKK Raportti
MTR 1/05, Espoo, 15 s.
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7 Business models

7.1 Introduction

From the national point of view, the main chal-
lenges and goals for the Finnish companies and
other organizations are to find out the way to pen-
etrate into the changing value chain through the
new business models. According to the pre-
analysis5 for Tekes, DENSY technology program
were recommended to be directed to the follow-
ing three main areas:
1. Design and development of products and pro-

duction technology that is suitable for small
scale systems, high volume production and
also consumer markets.

2. Development of networked business models
and networking among producers of distrib-
uted energy systems and related services.

3. Research and development of advanced tech-
nology in the field of distributed energy sys-
tems.

The same Report1 shows that the main interests
for the DG business and technology development
in surrounding EU countries, e.g. Germany, Swe-
den and Denmark, lie principally in the renew-
able sector. Biomass installations already feature
prominently, where on-site generation of
feedstock is available, and windpower is increas-
ing. The use of gas turbines, gen-sets and other
DG technologies will also feature within the
overall power mix, whether it be grid-connected
or stand-alone, although only where it is econom-
ically prudent or necessary. It is believed that
renewables will account for a major proportion of
the DG energy-mix along with substantial
amounts of new technologies, such as fuel cells
and MCHP contributing to the general equation.

On the other hand, according to the Report1, envi-
ronmental considerations will come to play an in-
creasingly important role in the formulation of
energy policy. In the new EU countries, e.g. Po-
land and Estonia, the market for distributed gen-
eration systems is in its infancy but will grow at a
rapid pace over the next five years. Distributed
generation is able to bridge part of the capacity
gap potentially left by the closure of inefficient,
pollutant coal fired plant. As small-scale facili-
ties require a smaller amount of initial investment
than large power plants, more investors qualify
for entering the power generation market. Ac-
cordingly the market for distributed generation
systems will show impressive growth.

The market seems to be very prominent for the
DG service and technology companies. However,
there are some major restrictions1 or even barriers
for them. The existing energy generation and dis-
tribution systems and investments are still having
a major role in energy production through the
large capacities developed and available in the
hydroelectric and nuclear power sectors. DG will
struggle to compete with the grid electricity. In
addition, market liberalization is not yet a driver
either in Finland, as in many EU countries still re-
tain a monopoly in power production and distri-
bution. So far, DG is limited to some small hydro
pumps and stations that provide both baseload
and peakload power as well as limited amount of
wind capacity in the remote area of the country.
Currently, with cheaply available electricity, the
opportunities for large-scale business in DG in-
dustry are not abundant.
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Penetrating into the misty future

As it has been shown1, the DG market is still
emerging and it needs very strong leadership
from the large leading companies, and especially,
a radical intervention of the authorities to make
market increase faster. DENSY Programme has
been an opportunity to penetrate into the DG

business being as an accelerator for the develop-
ment. DENSY Programme consists of four main
research areas through which TEKES has been
supporting the development of the DG business
in Finland. The focal areas of the Programme are
shown in Fig. 7.1.
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Partnering in the UK

Tekes, Finpro, Helsinki School of Economics (HSE), Motiva and nine small to medium
sized enterprises in the energy sector started a project aimed at mapping out best oper-
ating models for exports and finding local partners.

The purpose was to promote Finnish enterprises’ access to the UK market. In the col-
laborative project the market is approached using new models of operation. Also, the
internationalisation of small and medium sized enterprises is studied in theory and
practice. HSE is keeps track of the project, consults enterprises as needed and pub-
lishes an academic study and a publication directed to the enterprises. The target is to
create an operation model for internationalisation that can be largely applied.

There are nine Finnish enterprises in the project : Hydrocell Oy, Alufer Oy, Laatukattila
Oy, Netcontrol Oy, NHK-Keskus Oy, Process Vision Oy, Puhdas Energia Oy, Vapo
Energia ja Verteco Oy.

In the UK, Hydrocell was looking for a larger market than Finland for its fuel cells. Once a
suitable partner had been found, the sales started, too: Hydrocell supplies fuel cells to
be used as power sources for fuel cell bikes and scooters as well as in different measur-
ing systems.

”We want to find applications with large volumes in order to achieve the benefits of vol-
ume production. For example, with regard to the fuel cell bikes, we want to establish di-
rect contacts through the entire value chain, from the bike manufacturer to the retailer. In
the future, the cells will be installed in the bikes at the factory”, says Hydrocell’s CEO
Tomi Anttila.

Figure 7.1. The focal areas of the DENSY program, Tekes.



In the business concept research of the Pro-
gramme, several research projects (Fig. 7.2) have
been conducted to create new knowledge of fu-
ture business opportunities, to form optimal busi-
ness concepts, and to make demonstrations for
business use.

The overall scope of the research projects:
• Define value chain, business opportunities,

and customer benefit

The main Objectives of the research projects:
• Commercialization of new technologies

and services
• Formation of business networks
• Benefiting from the changing business

environment

According to the following research projects, the
business development of the DG is mainly related
to the investments in existing systems and the in-
tervention of the authorities. The future business
development depends on the saturation point of
the returns of the present investment. In other
words, the business will increase when the re-
turns of investments in new DG technology will
be more profitable than the past and present in-
vestments.

This inflection point can also be affected by the
authorities. According to the research projects,
the most potential and strongest way in generat-
ing new business is to force companies utilize
new technology through the legislation. This con-
cerns only the areas with the well-developed in-
frastructure. At the same time, there are areas
where such dilemma does not exist, e.g. Africa,
South-America, and Far East. Due to that they are
able to pass obsolete technology and can directly
utilize advanced Distributed energy generation
technology.

In the following chapters, several business ori-
ented research projects of DENSY Programme
and their main findings will be introduced. The
main interest in business research was to reveal
future business opportunities for the companies
and to test them among the business network. In
the first part, the development of the DG business
opportunities and the main drivers for them will
be discussed and the new business models for the
utilization of the opportunities will be shown. In
the second part, several business and technology
demonstrations will be introduced. Finally, the
main findings and future challenges will be pre-
sented.
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The scenarios of distributed
energy generation and their
impact on business models

Business in distributed
energy generation

Business creation with
new concepts in

the intersection of industries

Competition and
co-operation between

Finnish and Russian enterprises

SC-Research Integrated
solutions for distributed

energy sector

Life span of the value chain
in bio gas based distributed

energy generation

Technology and business
Environment-friendly energy

solutions and eco-efficient society

Eco-efficient
building and living

EHJ concept for
the distributed CHP

Project group
Business Concepts

Figure 7.2. The business oriented research projects
in Densy Programme.



7.2 List of projects

Lappeenranta University of technology,
Technology Business Research Center
Business creation with new concepts
in the intersection of industries

Date of funding decision: 7.2.2006
Research project, ongoing

Tampere University of Technology
Electricity network business development,
part 2/3

Date of funding decision: 6.5.2004
Research project, finished

Lappeenranta University of Technology,
Telecom
Business Research Scenarios for
distributed generation

Date of funding decision: 22.4.2004
Research project, finished

University of Vaasa, Lévon-institute
Business models in distributed generation

Date of funding decision: 22.4.2004
Research project, finished

VTT Processes
MULTIPOWER development platform

Date of funding decision: 15.4.2004
Research project, finished

Lappeenranta University of Technology,
Research Centre for the N
Competition and co-operation between
Finnish and Russian companies

Date of funding decision: 18.3.2004
Research project, finished

Kymenlaakso Polytechnic
Environmentally benign eco-efficient society

Date of funding decision: 22.12.2003
Research project, ongoing

Seinäjoki Polytechnic, SC-Research
Integrated solutions for distributed energy
sector

Date of funding decision: 18.9.2003
Research project, finished

VTT Building and Transport
Eco-efficient construction and housing

Date of funding decision: 26.6.2003
Research project, finished

VTT Processes
An Energy Management System for
distributed co-generation

Date of funding decision: 18.6.2003
Research project, finished

Tampere University of Technology
Energy logistics

Date of funding decision: 18.6.2003
Research project, finished

7.3 Future business
opportunities in the field of
distributed energy systems

7.3.1 The future business
development and potential
markets

Lappeenranta University of Technology
TBRC ”Hajautetun sähköntuotannon
tulevaisuusskenaariot ja vaikutukset
liiketoimintamalleihin”, Research project

The background of the project

The liberalization of the energy market opens up
a variety of business opportunities for new actors
in the various phases of the value chain of the en-
ergy generation. Besides large projects in energy
generation, the need for the development of
small-scale and local solutions is greatly increas-
ing all over the world. The growing demand for
energy, the utilization potential of local energy
resources, the profitability of the combined gen-
eration of electricity and heat and the develop-
ment in renewable energy techonologies drive the
expansion of distributed energy generation. At
the moment in Europe, the market for distributed
systems is increasing by 15% on a yearly average,
and in undeveloped markets the increase has even
been many times faster.

The business potential and appeal of distributed
energy (DE) systems are strongly enhanced by
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global trends: securing of basic welfare, in-
creased importance of environmental values, lib-
eralization of the energy market, development of
technology, depleting of fossil energy sources
and growth in the demand for renewable systems
and cogeneration.

The decrease in fossil fuel resources and the re-
sulting increase in the costs for centralized gener-
ation along with strong environmental values en-
courage the development of DE systems technol-
ogy. There is also need for the development of
business so that the potential demand for technol-
ogies could be attained. When developing busi-
ness operations, it is especially important to no-
tice in what direction the demand and the market
will change in the future. Some of the most re-
markable future trends in this sector are the ever-
growing need for energy and securing of basic
welfare in the fast developing and newly-indus-
trialized countries. In the future this may lead to a
growing demand for DE systems of which the
market has already showed some signs.

The main targets of the project

The DE business sector is composed of local sys-
tem technologies in the generation of electricity,
for heating and cooling purposes and related ser-
vices. The field covers a wide array of fuels and
production technologies which are characterized
by small scale and short distances to consumption
units. The Densy technology programme with
Tekes, the Finnish Funding Agency for Technol-
ogy and Innovation, focuses on generation units
for individual buildings, town blocks or factories
and systems catering for them. The maximum
size of these installations varies between 10 to
20 MW.

The objective of this report is to examine the cur-
rent techno-economic state of DE systems, to
determine the sector’s future business develop-
ment paths and to find new business opportuni-
ties for Finnish companies up till the year 2019.
Commercial opportunities will be presented
with new business concept descriptions. Fur-
thermore this report proposes to evaluate the
commercial potential of DE systems particu-
larly in developing countries, where extensive

distribution networks are still non-existent, and to
provide companies with suggestions and advice
to exploit this potential.

Methodology of the project

The Tekes Distributed energy systems technol-
ogy programme (DENSY) studies local small-
scale systems for energy conversion, generation
and storage and related services. The two-year
study described in this report is part of the
DENSY programme and conducted in co-opera-
tion with the Technology Business Research
Center (TBRC), Tampere University of Technol-
ogy (TUT) and VTT Technical Research Centre
of Finland. The objective of the study has been to
find future commercial opportunities and busi-
ness models for DE systems from the perspective
of Finnish companies by the means of scenario
studies and techno-economic analysis.

The first phase of the study has concentrated on
the potential of renewable energy sources and the
technologies exploiting them and produced
roadmaps starting from the current state of all the
six subject themes (Lehtinen & Wahlström,
2005) which propose to identify the direction of
current development from a technological per-
spective. The techno-economic analysis con-
ducted on the basis of a technological prospects
analysis on distributed generation defines our
current understanding about the costs of technol-
ogies utilizing different energy sources.

In addition to the technological prospects analy-
sis, the first phase produced alternative scenarios
for DE business development from the perspec-
tives of both the experts and the actors. These sce-
narios created business ideas for new commercial
exploits. The opportunities revealed in the alter-
native scenarios and created by the technology
enable Finnish actors to challenge their current
operations and develop new business models.

The second phase of the study aimed to find new
approaches to future operation with business con-
cepts. We examined business models and ana-
lyzed factors that have to be taken into account
when planning new operations to develop com-
mercial opportunities in the new market. Based
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on this we have created a concept that describes
business models for new DE systems. This same
concept can also help evaluate the current busi-
ness models of companies operating in the field,
providing information about the structure of cur-
rent operations. This information can be further
utilized when creating new business concepts and
drawing conclusions about the sector’s state.

In order to develop business and technology we
have to know the market and its trends. Therefore
we have analyzed the current state of the market
and the development of the future business envi-
ronment by making market reports based on ex-
isting market studies and other sources of data. In
addition to understanding the market, we can il-
lustrate the size of the demand for DE systems,
which gives companies a better chance to identify
the latent commercial potential in the market.

7.3.2 The technology potential for
the business and the future
scenarios

The main results

The liberalization of the energy market in the
Nordic countries and elsewhere in Europe has
created a variety of commercial opportunities for
new actors in the various phases of the power
chain. Besides large projects in power genera-
tion, the need for the development of small-scale
and local solutions is greatly increasing all over
the world. The growing demand for energy, the
utilization potential of local energy resources, the
profitability of the combined generation of elec-
tricity and heat and the development in renewable
energy technologies drive the expansion of dis-
tributed energy generation.

When developing operations, we need to take
into account particularly in what direction the de-
mand and markets will change in the future.
Some of the most prominent future trends in the
sector are the securing of basic welfare, increased
importance of environmental values, liberaliza-
tion of the energy market, development of tech-
nology, depleting of fossil energy sources and
growth in the demand for renewable energy sys-
tems and cogeneration. In the future this may lead

to a strongly growing demand for DE systems of
which the market has already showed some signs.
At the moment in Europe, the market for distrib-
uted systems is increasing by 15% on a yearly av-
erage, and in undeveloped markets the increase
has even been many times faster.

Based on the technological prospects analysis,
the most attractive technologies from the per-
spective of Finnish actors were wind power,
microhydropower, diesel and gas engines and bio
energy, whereas the most interesting market areas
were the EU-15, Russia, India and China. The
created business concepts for each sector pre-
sented commercial opportunities for both system
providers and component suppliers. Based on the
scenarios and market analyses, the future market
also presented opportunities for new service in-
novations which should be implemented as part
of the business models for distributed systems.

The realization of DE system operations however
requires from the companies the will to invest in
the development and launch of new business ac-
tivities. Therefore it is important for the compa-
nies to understand the magnitude of latent poten-
tial in the market to evaluate the profitability of
investments. Depending on the risk-taking abil-
ity, this entails a strategic choice of either an of-
fensive or defensive stance in the research and de-
velopment of the technology as well as of busi-
ness operations.

Easy and safe connection of DE systems to the
power grid is a central factor in developing the
market. Converting from conventional radial and
one-directional power transmission to a situation
where the direction of electric current may
change and power failures may lead to power be-
ing blocked behind the failure, is a remarkable
challenge for current protection logics and auto-
mation. R&D is needed all the way from protec-
tion philosophy to developing and testing practi-
cal solutions.

In addition to widely recognized technologies,
such as wind power, the growing market for dis-
tributed generation offers significant commercial
opportunities for rather traditional fields of en-
ergy technology, such as biomass combustion
and microhydropower. Finnish expertise in com-
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bustion technologies should be supported and
transformed into a business activity more effi-
ciently. Microhydropower could also offer com-
mercial opportunities for Finnish actors, even
though business operations are at the moment
limited. In addition to conventional technologies,
we also have to consider investing into future so-
lutions, of which solar panels appear the most
promising area.

The report has examined distributed generation
and distributed electricity generation in particu-
lar based on technological development pros-
pects, analyses of cost efficiency and trends in fu-
ture business operations. The study has provided
four alternative scenarios and potential service
concepts for the DE sector. Furthermore the re-
port presents new business concepts for Finnish
companies in the future market for distributed en-
ergy systems.

7.3.3 The main findings and
future challenges

When developing companies’ operations, further
studies on the commercial prospects of DE sys-
tems could focus for example on finding out how
to create efficient value networks that enable the
cost-efficient supply of systems and related ser-
vices into the global market. Additionally, the
next step from modeling sector-specific opera-
tions could be to create company-specific busi-
ness models. Realizing these would require deep
understanding of the changes in the sector and
specifically of the linkages between the sectors,
namely of the convergence, and making internal
company analyses and recognizing the compa-
nies’ strategic resources.

Based on the technological prospects analysis,
the most attractive technologies from the per-
spective of Finnish actors were wind power,
microhydropower, diesel and gas engines and bio
energy, whereas the most interesting market areas
were the EU-15, Russia, India and China. The
scenarios proposed to create descriptions about
the future business environment so that factors af-
fecting future operations and markets could be
better taken into account when planning business
operations. The created business concepts for

each sector presented commercial opportunities
for both system providers and component suppli-
ers. Our study recommends investments in both
of these. The future market also presented oppor-
tunities for new service innovations which could
be implemented as part of the business models for
distributed systems.

Companies should particularly follow the devel-
opment of laws regulating the energy sector in the
target market and the advancement of interna-
tional treaties like the Kyoto Protocol. Countries’
aspirations to pursue more environmentally
friendly technologies can quickly change a tech-
nical solution to an economically viable form of
production. In such a case, companies should be
ready to respond to the demand quickly so that
they are not left outside the market. It is also im-
portant to take into account natural conditions in
different areas which may have a profound im-
pact on the choice of optimal production technol-
ogy. The choice of technology offered to the mar-
ket is also essentially influenced by the state of
the local infrastructure and the availability of fu-
els and primary energy.

With regard to technology, Finnish companies
should in particular concentrate on new technol-
ogy and high quality, because many conventional
power plant components will be manufactured
more cost-efficiently and locally in the countries
of developing economies. New ICT systems spe-
cifically can offer companies the possibility to
distinguish themselves from their competitors by
technology. With DE systems, ICT and automa-
tion provide new prospects in developing highly
automatized units which can utilize small local
resources as a complete optimal solution. For ex-
ample, it can be stated that a component in a DE
system should be highly standardized, un-
manned and remote-controlled. Standardizing
enables big outputs and thus lower prices and also
support the components’ maintenance and con-
nection to the grid. (Lehtinen & Wahlström,
2005) Besides standardizing, companies can ben-
efit from bigger outputs thanks to modular com-
ponents. The impact of these components on pro-
duction will unfold over time when clients start to
supplement and update their modular systems al-
ready in use.
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The business concepts and models revealed the
importance of value network management for
system providers. The delivery of a product/ser-
vice concept that is as cost-efficient as possible
requires optimizing the entire value chain. Com-
panies will have to choose, for example, the most
suitable ones from different means of export, and
to utilize local production resources when possi-
ble. Companies also have to face such strategic
decisions as what to outsource and what to pro-
duce in-house. In the best possible scenario, com-
ponent suppliers could multiply their turnover by
transforming themselves into system integrators.
This strategic choice however requires a success-
ful gathering of local component suppliers to-
gether to form an efficient enough value network
and to enable commercial activities. Integration
know-how and system supplies are part of the
Finnish high technology strategy.

7.4 Business potential in the field
of distributed energy
generation

University of Vaasa, Lévon-instituutti
Liiketoiminta hajautetussa energiantuotannossa.
Funding decision day: 22.4.2004.
Research project)

Business in distributed energy production was a
program consisting of six separate but synergic
projects with collectively shared objectives, theo-
retic background and vision of distributed pro-
duction of energy by renewable regional sources.
One of the aims was also to integrate the energy
related expertise and strengths of the different in-
stitutes and disciplines in the University of Vaasa.

The objective of the project program was to out-
line business models for distributed energy pro-
duction, including their contents and dependen-
cies on the different dimensions of the prevailing
operational environment. In defining the business
models, particular emphasis have been devoted to
competitive and resource environment and the
value expectations of the potential clients. An in-
tegral part of the analysis is the objective to try to
understand the models as parts of the whole of en-

ergy production and energy markets, as well as
the regional and local economy.

The frame of the program was based on a “heli-
copter view” and outlining frame of distributed
energy production and its typical situations,
mainly based on the demand of energy and the
supply of renewable energy sources in relation to
the position in the energy infrastructure. In each
situation we can outline an operational concept
(Fig. 7.3).

According to it every local or regional unit al-
ways has to consist of several components, which
must be integrated into one energy production so-
lution. In each solution there are business eco-
nomically profitable parts. However, it is essen-
tial also to distinguish and define the supporting
components surrounding the business environ-
ment, enabling the social acceptance and feasibil-
ity in terms of both regional and local economy.

The research was conducted as 11 different case
studies in the county of South Ostrobothnia. All
cases were real biogas plant objects under a plan-
ning procedure and consideration of investment.
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The project was partly financed by the companies
involved in the cases. The research and its meth-
odology was conducted as follows:
• Formation of the business concepts and

economic modelling of the cases.
• Analysis and optimisation of the business

concepts.
• Separate research on the attitudes of enter-

prises for implementing distributed generation
of renewable energy.

• Separate research on the use and maintenance
efficiency in six energy utilities.

• Formation of the biogas plant information
map.

7.4.1 Business challenges and
models

The core of the project results were the economic
calculations for the cases. Simultaneously an
economic calculation model for biogas plant in-
vestments was developed, and it was used and
tested in the analysis and optimization phase.
This model will probably be further developed
into a product after the project. The data from the
energy utilities’ usage and maintenance were uti-
lised in developing the model. The attitudes were
found to be very positive towards the implemen-
tation of new technologies for utilizing renew-
able energy sources.

The best profitability in terms of business was at-
tained in the concepts based on production and
use of biogas as traffic fuel. Also their feasibility
is still insecure, because the use biogas as traffic
fuel demands a comprehensive infrastructure and
a critical number of users already in the begin-
ning. However, Swedish and German examples,
and also domestic plans and the expanding net-
work for the use of natural gas in Southern Fin-
land show that this might be reality already in
very near future. This also means that the studied
cases are realistic.

In all the other alternatives and especially from
the point of view of a private single investor, an
investment in distributed energy production tech-
nology still seems questionable. This will be the
result, when he evaluation of the calculations is
based on very strict criteria for the profitability:

According to them the investment should always
be rejected when the pay back time exceeds 15
years. However, feasibility can not be analysed as
black and white as this. Instead, at least the fol-
lowing aspects should be taken into account:
• The pay back time of 15 years is not particu-

larly long in the energy sector, where invest-
ments often are discounted during even tens of
years.

• With a reasonable public support (20–40%) in-
vestments in all the evaluated alternatives
would have been profitable according to even
more strict criteria (pay back time 8 years, in-
ternal rate 12 %)

• In the regional production solutions the pilot
cases always include also other value expecta-
tions than business profitability. Among those
of particular importance are benefits for farms
in spreading the slurry of domestic animals,
and the regional impacts on employment and
economy, which, however, could not be quan-
titatively measured in this research.

7.4.2 The main findings and future
challenges

Public support for utilising domestic renewables
can be seen justified for a number of reasons: Re-
placement of fossil fuels and boosting energy
self-sufficiency offers national strategic benefits,
and also the stimulation of the local and regional
economy and employment are among the highly
positive impacts. A significant share the estab-
lishment of Finland’s energy infrastructure has
been publicly supported, the public interest being
one of the core objectives. Privatisation and the
market based interest do not come across as sus-
tainable justifications for abandoning the old
principles. Merely in terms of competition the sit-
uation is unfair, as the new solutions are emerging
without support unlike the old ones. The national
interest should be prioritised, still not forgetting
the business interest.

It is clear that new innovations must surmount
several thresholds, including the social accep-
tance, supportive constructions (like laws and
regulations, institutions), and technical evolu-
tion, reflecting the findings of the research tradi-
tion of innovation diffusion: there are generalise
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able forms of development through successive
phases. Distributed energy production and its
technologies are in an early stage of develop-
ment, while the conventional prevailing energy
sector is at the opposite, mature end of the diffu-
sion curve (Fig. 7.4). Typical features for the
early stage are the following (also neatly depict-
ing the state-of-the-art of distributed energy tech-
nology):
• Technical solutions are of the first or second

generation, with poor technical and cost effi-
ciency, high investment costs, and no benefits
from mass production.

• The value chain of production is poorly devel-
oped, reflecting as inefficiency and poor prof-
itability of the whole supply chain.

• Along with the curve the different dimensions
tend to improve, which also can be anticipated
from the point of view of distributed energy
generation. This means especially an im-
proved relative competitive strength compared
with the use of fossil sources of energy, and a
heavier political status.

What is known from our preceding research is
that the resource base and energy self-sufficiency
potential reaches nationwide from the peripheral
country side to cities of up to 50 000 inhabitants.
Corresponding data come also elsewhere from
the Europe. This project shows that even business
profitability is already now very near, and all the
studied cases were highly feasible in terms of re-
gional economy. Summarising these different
factors, there is a remarkable potential for im-
proving profitability and becoming more general
for distributed generation of renewable energy.
This might have significance for the whole en-
ergy strategy of the country.

The future development actions of the new
emerging technologies can be categorised as fol-
lows:
• Influencing the general values and attitudes

more favourable for the promotion of distrib-
uted generation of renewable energy

• Development and support of the expertise and
capabilities for the new solutions from strategy
to technologies
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• Development of the management systems for
distributed renewable energy systems

• Support and efforts on research, product devel-
opment, demonstration and implementation of
the new technologies for utilising renewable
energy

From the market based point of view, it is impor-
tant that the support will be directed towards the
creation of prerequisites for the new solutions
and structures instead of supporting the prices
and hence confusing the markets. Subsidies for
R&D activities and investments (establishment
of infrastructure), and adjustment of laws, regula-
tions and other general rules are among the ac-
tions that only will be necessary in the early
phases of the development.

According to the results from this project it ap-
pears highly possible, even obvious, that distrib-
uted generation of energy by renewable regional
sources will become more profitable even judged
against purely business criteria. It can also be an-
ticipated that it becomes a more general or even
prevailing system in the countryside. This con-
clusion is supported by the public interest and
general benefits. Public support would be useful
for making the investments lighter and making
the development faster, until the market based in-
terest and the principle of business profitability
can fully be exercised.

7.5 Business opportunities in the
intersections of industries

Lappeenranta University of Technology,
Technology Business Research Center
Business creation with new concepts
in the intersection of industries.
Funding decision day: 7.2.2006.
Research project

The background of the project

Understanding the changes in business environ-
ment and possibilities to exploit emerging oppor-
tunities has become vital for globally operating
organizations especially now when the tradi-
tional boundaries of the industries are eroded and

new business opportunities are often emerging in
their intersections. Due to that the changing in-
dustry structures and business environment de-
mand new approaches to understand and recog-
nize these new arising opportunities and develop
them to successful business concepts. In an in-
dustry level, this has led to an increasing need to
collect and utilize concrete information based on
the industrial change and also anticipating the
change which will help organizations to address
the strategies needed in the future.

Different times have addressed the importance of
diverse methods for analyzing industries and or-
ganizations. For instance, Porter’s (1980) five
force model has been among the most important
models when analyzing competitive environment
of organizations, industries and nations. At the
moment, scholars of strategic management are
focusing on networking and competencies
needed in cooperation, as well as understanding
the patterns of changes in new economy and digi-
talized value networks. Traditional models have,
however, been criticized for e.g. their static na-
ture and incapability to predict future develop-
ment. This research project aims to integrate the
methods to take better into account the proactive
needs of industry analysis by combining the in-
dustry analysis and future study methods and de-
veloping applications for the innovative utiliza-
tion of methods.

This two years research project called “Creation
of new business concepts in the intersections of
industries (Talikko)” examines the changing
structures of three tightly interconnected indus-
tries, namely ICT, electricity networks and gener-
ation and forest industries. All these industries
are important to Finland and especially to the area
of South Karelia. Technology Business Research
(TBRC) at Lappeenranta University of Technol-
ogy (LUT) coordinates the project that is funded
by Finnish Funding Agency for Technology and
Innovation (Tekes) and several industrial partners
from the three industries under consideration,
namely UPM-Kymmene, TeliaSonera, Lappeen-
rannan Energia, Kainuun Energia, Fortum, and
Lappeenrannan Kaupunkiyhtiöt.
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The main targets of the project

The primary objective of this research project is
to identify new business opportunities in the in-
tersections of electricity networks and genera-
tion, forest, and ICT industries. The project also
aims to find out how to exploit the recognized
business opportunities at company level as well
as to foresee with the companies involved what
opportunities and threats the changes might bring
for them. The secondary objective is to develop
methodology for integrating industry analysis
and company level business analysis.

The industry structures and the business environ-
ments are analyzed separately in each industrial
sector with the help of quantitative and qualita-
tive strategy analysis methods. The results of the
analysis of each industry are then juxtaposed to
reveal new business opportunities and technolog-
ical applications located in the intersections of
the selected industries. The research project con-
tinues the analysis of the recognized business op-
portunities on company level. The analysis re-
veals the gaps between the existing strategy and
the emerging operations in business and technol-
ogy development in the companies. The solutions
to fill the gaps are developed by carrying out idea
generation sessions to create a large number of
ideas pertaining to new products, services and
businesses with the help of the creativity meth-
ods. Finally the most potential ideas will be for-
mulated as business concepts to enable effective
implementation and piloting in the participating
companies.

The issues aimed to be solved in the research pro-
ject thus include:
• It is an accepted fact that the industry changes

have impacts that are difficult to solve on a
company level.

• It is an accepted fact that the changes and rup-
tures on industry level give risks and opportu-
nities for individual companies. The results of
this project are to give hints how to turn the
changes and ruptures into opportunities in
business.

• Simultaneously the project tries to fix proce-
dures, methods and tools to analyze the

changes and opportunities in clusters and on
borderlines of industries.

Methodology of the project

The first stage of the project focused on clarifying
the present situation of the industries under scope
as well as identifying their main players (see the
right side of the Figure). The output, state-of-the-
art report, provides the critical discontinuities,
main trends and their implications in technology
and business development of the specific industry
(examples of existing trends include e.g. the shift
from centralized to distributed energy genera-
tion, and significance of ICT in the forest industry
operations). It also made possible to focus the re-
search to achieve the main objective of the pro-
ject: to identify new business opportunities in the
intersections of electricity networks and genera-
tion, forest, and ICT industries, and to find out
how to exploit them on company level.

After the analysis of the industrial clusters, a
three-round Delphi study was applied in order to
identify the business opportunities that arise in
the industry intersections. On the basis of the first
Delphi round, four intersection areas were cho-
sen in which the following Delphi inquiries con-
centrated on. The Delphi study was comple-
mented with several specialist interviews. The
four identified intersection areas are all quite
wide business opportunities that embody several
potential business concepts. In order to draw the
analysis more on to company level, idea genera-
tion sessions and scenario workshops were held
in Group Decision Support Systems (GDSS) lab-
oratory. By exploiting the creative methods pro-
vided by the laboratory, a large amount of ideas
pertaining to new products, services and busi-
nesses were created. Additionally, the generated
ideas were analytically assessed, prioritized, and
selected into the idea portfolio to recognize the
most potential ideas. In conclusion, the analysis
heretofore proceeded from the industry evolution
to business ideas (called “top down analysis” in
Figure 7.5).

The main objective of the so called “bottom up
analysis” is to upgrade and concretize the gener-
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ated  ideas  and  recognize  the  most  promising
ideas (see the left side of the Figure). Several
methods and techniques, e.g. clustering, are used
when evaluating the ideas from the point of view
of their strategic, organizational, technological
and market fit. The target is to provide the compa-
nies with methods and information that support
and help them make decisions regarding their fu-
ture business strategies. In time, the ideas that are
linked to the intersections can become concrete
when companies start implementing the ideas
into new products, services and businesses. In ad-
dition to the above-mentioned methodology, sev-
eral other both qualitative and quantitative re-
search methods (e.g. a scenario building ap-
proach) were utilized, and the results were re-
ported in the scientific publications of the project.

7.5.1 Potential business areas and
ideas

In this research project, (1) utilization of biomass
and other renewable raw material (intersection
between the forest and electricity networks and
generation industries), (2) printed functionality
(intersection between the forest and ICT indus-

tries), (3) control systems (intersection between
the ICT and electricity networks and generation
industries), and finally (4) e-business (intersec-
tion between all the three industries under scope)
have been recognized as the main industry inter-
sections (see Figure 7.6).

With the help of the GDSS sessions these areas
have been narrowed down into more detailed
business ideas. For instance, in a workshop
whose topic was printed functionality there were
generated totally 56 potential business ideas or
business opportunities. Continued handling of
these ideas is taking place at the moment as our
objective is to find a couple of the most promising
ideas and then develop the ideas further together
with the participating companies.

The work remaining for the rest of the project
thus includes the recognition of ideas that hold
the most potential, and organizing symposiums
or workshops in which the work on the four eval-
uation dimensions (strategy, market, technology
and organization) is continued on those ideas that
were justified feasible for continuation. But, as
the work is still in progress, the results will be re-
ported in more detail later on.
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7.5.2 The main findings and
future challenges

As regards the main findings of the research pro-
ject, the following four industry interfaces were
thus evaluated as the most promising according
to the specialists of the Delphi study: First, utili-
zation of biomass and other renewable raw mate-
rial refers to producing bioenergy, biofuels or
other bio-based products from biomass. Espe-
cially in this project we are interested in for-
est-based biomass or wood-based biomass as it is
the most interesting resource in the interface of
forest and energy sectors.

Second, printed functionality means adding new
functionalities into a flexible substrate, typically
paper and plastics, in addition to regular graphi-
cal properties by using printing methods. As an
example, e.g. the following ideas were developed
in the joint idea generation session with the com-
panies on printed functionality: Coding of local
food – the product includes information regard-
ing the area of manufacture, and each customer
could find out with the help of a mobile phone
whether the origin is situated e.g. less than 100 ki-
lometers from the place of his or her residence.
Another example of ideas refers to intelligent
food packaging that recognizes each other and
suggests recipes.

Third interface, control systems refer to automa-
tion systems in the interface of energy and ICT
sectors which can be used e.g. for monitoring,
controlling and reporting. Ideas developed in the
joint GDSS session on control systems include
e.g. connecting the workforce in the field into en-
terprise resource planning systems, and expand-
ing distance control to low-voltage network.

Finally, electronic business (in short, e-business)
is defined as utilizing ICT in the forest and energy
sectors’ business activities. Today, information
management systems are integrated more deeply
into business processes and they combine the ac-
tions of different networked organizations. With
the help of the solutions offered by e-business, re-
markable cost savings can be reached.

In the future, it would be interesting to apply the
methodology of the Talikko research project in
other industries as the methodology of this pro-
ject is transparent and adaptable to other indus-
trial sectors as well. Also it could be fruitful to ex-
pand the coverage of the value networks of indus-
tries with e.g. larger involvement of SMEs and
customer interfaces.
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7.6 Russian Business environ-
ment and business
challenges

Lappeenranta University of Technology,
Pohjoisen ulottuvuuden tutkimuskeskus
Suomalaisten ja venäläisten yritysten
kilpailu- ja yhteistyöasetelmat.
Funding decision day: 18.3.2004.
Research project

The main objective of the project was to analyze
the success factors of Russian companies estab-
lished after 1991 and the capability of Finnish
companies to respond to the new challenges, such
as increasing competition, in the Russian market.
We studied Russian companies from the Finnish
companies’ viewpoint as potential competitors
and business partners, in order to create new busi-
ness models for Finnish companies’operation on
the Russian market. The study concentrated on
three sectors: food industry, ICT and logistics.
Focus was also on the development of collabora-
tion between companies in South-East Finland
and North-West Russia.

Research topics:
• Competitiveness of new Russian companies -

business models and structure of the competi-
tiveness factors in three sectors under surveil-
lance

• Future operation models - successful Russian
companies, threats or opportunities for Finnish
companies?

• Collaboration possibilities for enterprises in
South-East Finland and North-West Russia -
co-operation and subcontracting.

All three sectors, food industry, ICT and logis-
tics, were studied separately and from different
viewpoints. In regional collaboration part of the
project these sectors were studied at the same re-
port. All sectors are very interesting from foreign
investor’s viewpoint and could be described as
the most promising sectors for new foreign in-
vestments. Final research reports concentrate on
different parts of the value chain in these sectors
e.g. food retailing, food supply chains and food
processing.

Surveys and interviews among Finnish and Rus-
sian experts, between 10 to 40 experts in each
study, were used as a research method. Informa-
tion collected from these interviews was added to
information collected from secondary sources;
articles, magazines and Internet. Part of the study
was done in co-operation with Helsinki School of
Economics. Regular meetings and workshops
were organized in order to accomplish the re-
search objectives. Two reports finished by the
Helsinki School of Economics are an excellent
addition for the reports done at the Northern Di-
mension Research Centre.

7.6.1 Business challenges for
the companies in Russian
markets

All studied sectors, food industry, ICT and logis-
tics, and regional cooperation between North-
West Russia and South-East Finland open up at-
tractive collaboration opportunities for Finnish
companies as Russian companies develop their
operations. The sectors participating in the re-
search have a lot of potential from the point of
view of Finnish companies. On the other hand, as
Russian companies strengthen, they may become
competitors for the Finnish companies. Thus, it is
important to monitor the situation in Russia.

ICT industry has been growing strongly during
the last 5 years. Russian government is trying to
refocus the economy from oil and natural re-
source based economy to more high tech oriented
economy. Thus, IT market and export of software
development have increased significantly. The
value of Russian ICT export in 2006 was about
one billion euros, of which the share of Finland
equates to 15–20 mln €. Moscow, St. Petersburg
and Novosibirsk are the most significant ICT cen-
ters and provide plenty of opportunities for for-
eign investors. Finnish companies can utilize the
proximity and size of Russian ICT market and
low cost of labor and production factors. On the
other hand, Russian companies look for new
business opportunities and partners from Fin-
land.
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The growth of Russian food industry continues.
Local companies have been able to grow strongly
after 1998 crisis thanks to growing purchasing
power of Russian consumers and high cost of im-
ported products. The share of food retail in retail
trade is around 50 %. The turnover of the produc-
ing and processing companies and the number of
food retail stores has substantially increased. The
volume of Finnish food exports to Russia is about
200 million euros. Mostly Finnish companies are
gaining from the large size of the Russian food
markets. In addition to large cities, more potential
could be found in regions. The growth of Russian
logistics sector is also strong, but it is threatened
by competition from other countries.

7.6.2 The main findings and
future challenges

The results of the project have been published in
ten (10) extensive research reports and eight (8)
academic conference papers. In addition, project
results have been presented in more than dozen
seminars and workshops with company represen-
tatives. Research team has also taken part in vari-
ous academic conferences.

Overall the framework provides valuable infor-
mation for future reference for foreign investors
aiming at Russian markets. Results give an idea
of the business environment in Russia. These
studies help foreign companies to implement
their strategies in Russia and do long term plan-
ning. For example, many Finnish food processing
companies have entered Russian market, many of
them with different entry modes but still success-
fully. The situation in the market requires fre-
quent monitoring and planning in order the com-
panies to keep their competitive advantages, busi-
ness environment changes faster than in western
countries.

Final reports of the sub-projects are published at
the Northern Dimension Research Centre Publi-
cation series. These publications, which are con-
sidered to be the best and useful way to report the
results for companies, are available for free of
charge and they can also be downloaded from the
project web page http://www.lut.fi/nordi.

7.7 Present and future business
applications and challenges
in the field of distributed
energy generation

7.7.1 Integrated solutions for
distributed energy sector

Seinäjoen koulutuskuntayhtymä,
Seinäjoen amk/SC-Research
Integrated solutions for distributed
energy sector.
Funding decision day: 18.9.2003.
Research project

The background of the project

This explorative research project represented a
horizontal approach to identifying, developing
and delivery of product-service systems that are
able to solve customers’ problems, or improve
their existing activities. The horizontal examina-
tion involved issues related to following areas:
business concepts, integration, system applica-
tions, effective industrial production and ICT en-
abled improvements. In order to produce suc-
cessful product-service solutions, all of the above
key areas need to be addressed in the real world
business, as well as in the research that seeks to
produce valid and useful results.

The main targets of the project

SME’s ability to offer full service solutions to the
customers is bound to be rather limited. This is
due to scarcity of resources available for the de-
velopment, production and service delivery, not
to mention performance guarantees. Production
networks, which involve a number of specialized
businesses, offer a solution that can potentially
overcome the above-mentioned problems. In re-
ality it is a major challenge to create, and run such
operations effectively. There is a growing body of
empirical research on SME’s and production net-
works. This provided a knowledge base that was
utilized in analysing the above type of problems.

Understanding of customers´ needs, require-
ments and capabilities to take-up new systems for
distributed energy production is a fundamental
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issue for SME networks that aim at solution sell-
ing. There is very limited amount of research or
business intelligence type of information on this
type of matters. However, service research do-
main provides an approach that can offer a num-
ber of alternatives for rigorous analysis on this
area. The knowledge in this area has been devel-
oped over the last 25 years time, and hence it is a
valuable source of analytical tools that can pro-
vide advice for empirical business practice. The
literature can address the main gaps between tra-
ditional industrial logic and service driven solu-
tion selling. A key issue here is the difference be-
tween traditional product/production oriented
approach and a customer-need driven develop-
ment of the product-service offer.

Fragmented nature of the distributed energy sys-
tems and SME production networks creates a
very distinctive set of problems. These problems
have many parallels with service delivery sys-
tems that utilize modularization/scalability on
the production side, and strictly specified service
scripts that provide management backbone for
the franchised service delivery system. This stage
of the research project combined and synthesized
the collected empirical information and analyti-
cal results generated at the earlier stages. Critical
discussions at the workshops organized for ex-
perts and business practitioners provided highly
important ‘acid test’ for these findings and case
studies to be presented for practitioner audience.

Methodology of the project

Because of the explorative nature of the research,
the data collection was mainly based on practitio-
ner and experts interviews supplemented by the
relevant literature on the subject area. Existing
market information provided the basis for the
market analysis, service concept development

and production network development. Interviews
provided a vehicle that allows the ‘grounding’ of
the theoretical material on the investigated ser-
vice business cases. The empirical focus of the re-
search was on the three different types of distrib-
uted energy generation:
• Thermal power: systems which extract thermal

energy from the ground, or from the water
• Wood energy: systems that include harvesting,

processing, logistics and equipments which
turns wood into energy

• Waste based energy: systems that can use such
problematic materials as vehicle tires and
crushed vehicle interiors for sustainable en-
ergy production.

These empirical research areas provided a combi-
nation of different energy sources. Links with the
business sector were also established through the
following companies and their networks: Suo-
men Lämpöpumpputekniikka Oy (thermal en-
ergy), Veljekset Ala-Talkkari Oy (wood energy)
and Pamac Power Oy (waste based energy).

In the first phase the research the most potential
markets and customer groups were identified for
the above type distributed energy generation sys-
tems. Information on these customers needs, re-
quirements and potential for distributed energy
system adoption were gathered from the existing
research, customers themselves and from the key
experts.

Potential producers of distributed energy systems
formed the second main group of interviewees.
Practitioner interviewees were supplemented by
experts on the SME area and industry specific ex-
perts that have in-depth knowledge on manufac-
turing networks and distributed energy genera-
tion.
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Interviewees with service experts contributed to
the knowledge on potential service systems and
the ways such systems could be developed. These
interviewees included: a) service business ex-
perts that focus on service delivery, quality of ser-
vice and joint production of service solutions, b)
experts on distributed energy systems and c) lead-
ing industry practitioners and consultants.

The analysis and synthesis of the collected mate-
rial provided realistic information on the poten-
tial and possible bottlenecks that are typical of
service concept development in the DES area.

7.7.2 Integrated solutions and their
potentiality in business

The key aim of the research project was to pro-
duce analytical information on the customer need
based product-service system development in the
area of distributed energy system. Such novel in-
formation was seen as a way to advance the un-
derstanding of the service concept development
and product-service innovations in the focus area.
This type of knowledge development is highly
relevant for the decision makers and the research
community alike. Rigorous analysis can provide
a basis for further development of the generic re-
search agenda on DES-services, and more specif-

ically service solutions in the area of thermal,
wood and waste based energy production. By
producing rigorous research based information
this project advanced service system develop-
ment in the area of distributed energy systems in
the three key areas:
• The analysis produced a more realistic view of

the market potential and thorough understand-
ing of customers needs in the focused business
markets. After the most potential markets had
been identified, the research analysed cus-
tomer needs and preferences that provided the
basis for service system development. Such
knowledge was necessary because offered so-
lutions have to be able to deliver solutions to
customers’problems and add value to their ex-
isting operations.

• The key dimensions and components of the
product-service system were specified on the
basis of the market potential and customer
needs profile. The aim was to create a basis
upon which the businesses may develop mod-
ules, which can be utilized in building scalable
product-service systems.

• The key dimensions and elements of the pro-
duction network were specified on the basis of
the identified product-service systems. The
aim was to highlight the crucial features and
development needs of the SME networks capa-
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ble of delivering product-service systems for
the identified customer groups. The generic
knowledge on the production networks pro-
vided the platform for the more detailed devel-
opment in the context of thermal, wood and
waste based DES. By combining customer and
service specific features in the existing body of
knowledge, businesses can develop a better ca-
pability to build production networks that are
able to deliver service solutions successfully.

Altogether the aim of above stages was to pro-
duce knowledge upon which sustainable revenue
logic could develop for DES in the given context.

7.7.3 Practical applications of
the results

INDIS research project was able to create several
practical applications that are being further de-
veloped by the participating enterprises. The
most promising applications in terms of business
potential were:
• The development of larger scale, project-

based business concepts for Suomen Lämpö-
pumppu Oy

• New DES business concept was developed in
the field of wood energy. It has been tested in
highly developing markets in Slovakia and
Slovenia. New distribution channels were also
established in both countries.

• The development of new VETO product fam-
ily in cooperation with external design com-
pany. The main target of the sub-project was to
improve user-friendliness of existing stokers
and feeders by new technical solutions related
to installation and maintenance aspects.

• The development of 1 MW pilot plant and
business concept for waste based energy. The
field tests were made in cooperation with the
local district-heating firm Kiviristin Lämpö
Oy.

The new service-oriented business and human re-
source development within DES companies was
also enhanced by organizing tailor-made training
sessions.

7.8 Value chain life cycle
in the energy production
by Bio Gas

Åbo Akademi, Industriell ekonomi:
Biokaasuun perustuvan hajautetun
energiantuotannon arvoketjun elinkaari.
Funding decision day: 29.11.2006.
Research project

Local biomasses constitute a considerable source
of energy. Especially non-wooden biomasses are,
however, widely unutilized as sources of energy
although they can readily be used for the produc-
tion of biogas. Biogas is today commonly pro-
duced as a byproduct in waste treatment and can
be utilized as a fuel in heat and power production
as well as in traffic. The technology both for pro-
ducing and using biogas is generally available.
However, the biogas business is still not widely
considered an attractive and profitable branch of
industry. This is mainly due to two reasons. First,
the small size and variation of the biomass
sources makes it difficult to rely on traditional in-
dustrial paradigms based on large scale and cen-
tralized production. Second, the business as a
whole is scattered and the coordination between
the involved industries (e.g. environmental pro-
tection, agriculture, heat and power production,
traffic fuel distribution and car sales) is non-exis-
tent. As a consequence of the two above men-
tioned reasons most plants are subject to high
capital and operating expenditure. The lack of co-
ordination and clear interfaces, roles and respon-
sibilities also leads to a high degree of uncertainty
which raises the investment threshold.

Aim

The purpose of the project was to analyze the
value chain for industrial production and con-
sumption of biogas in heating, cogeneration or
transportation. The study covers the entire
lifecycle from initial project preparation to opera-
tion. Based on the analysis the interfaces in the
value chain lifecycle are specified in order to
achieve a sound division of roles and responsibil-
ities. This will enable companies to focus on a
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specific nice in the value chain while at the same
doing business with other companies. A under-
standing of the interfaces will also enable other
companies to enter the value chain thus increas-
ing the volume of the market. The project in-
volved the department of Industrial Management
at Åbo Akademi as well as the following compa-
nies which represent different roles in the value
chain of industrial production and consumption
and the different stages of the project lifecycle.
• Biovakka (biogas production)
• Watrec (engineering)
• St1 (distribution of transportation fuel and

power production)
• Autotuojat Ry (Finnish car imports and sales)
• Gaia Power (optimization of distributed

cogeneration)

Present state of use of biogas

Biogas production and use

Biogas production is today largely part of treating
organic waste in agriculture (manure), organic in-
dustrial waste, sewage treatment and water puri-
fication. Landfill gas is also collected. Biogas, by
which is usually meant methane (CH4) derived
from anaerobic fermentation, is by itself a green-
house gas about 20 times more harmful than
CO2. Because of this biogas is often burned in a
flare whereby it is converted into the more benign
CO2. The percentage of methane in biogas usu-
ally varies between 30% and 70%. Depending on
the raw material there can also be other chemical
components in the gas such as chlorides. In addi-
tion to gas the production of biogas discharges a
water rich in nutrients and compost.

Biogas is highly similar to natural gas and can be
used both in heat and power production and in
transport. Most of the biogas plants have an
on-site engine or turbine that operates in a CHP
mode. In some cases the biogas is also used di-
rectly for heating (since the beginning of the
2000’s most of the biogas produced in Finland is
utilized and not simply flared). There are also ex-
amples, especially in Sweden, of biogas being
used as a transportation fuel. However, most of
these applications are limited. The production of
biogas is largely dictated by the amount of waste

to be processed. Biogas by itself is seldom con-
sidered a product to be sold. The principal, if not
only, source of income for biogas plants is the
treatment of waste.

The low energy density of biomass also makes for
a distributed structure of biogas production.
Biomasses can be economically transported only
short distances (often under 20 km) which leads
to a comparatively small resource base and
thereby a biogas plant that is small compared to
other kinds of energy refinement installations.
Only certain biomasses which can be classified as
hazardous waste are transported longer distances.

Biogas technology

The technology for biogas production is gener-
ally available. However, compared to other, more
mature, industries, such as power production and
shipbuilding, biogas plants do not present a high
degree of standardization or modularization. This
can be seen as due to the small series and also to
characteristic of the business at present. It seems,
there are many small or medium sized players
who have developed their own applications of the
core systems and buy the rest (balance of plant
items) on a project by project basis, where little
attention is paid to repeatability and maintain-
ability of the installation.

Distributed energy production

As a result of the liberalization of the electricity
business the optimal size of the power plants has
decreased in the western world. The smaller size
enables proximity to the final customer which
thus enables the utilization of the heat (CHP and
CHCP), smaller transfer deficits and also lower
transfer costs. The smaller size and the lower tied
equity enable the so called peak-shaving function
in which the plant is used only during the more
profitable seasons. During the last decades the
technical development, especially in the field of
information, automation and communication
technology has led to the point where decentral-
ized energy production and in particular smaller
independent plants are economically feasible to
build.
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The increased competition and also the inhabit-
ants’ resistance towards building new power
grids have led the development to building
smaller grids which are located closer to the final
consumer.

There are several benefits with decentralized en-
ergy production. The shorter distance to the final
consumer enables decreased transfer losses and
utilization of the heat capacity. Because of the
higher efficiency coefficient the smaller plants
are in addition more environmentally sound than
the larger centralized plants. A smaller plant en-
ables also utilization of smaller energy sources
which is particularly important when it comes to
biogas, waste gas and waste incinerators. The de-
centralized system is as well more reliable be-
cause it consists of several geographically scat-
tered small plants (under 50MW). Due to this the
investment threshold is lower than the centralized
ones. This favors above all areas with no electric-
ity and areas where the supply of is insufficient
because it is possible to erect the grid gradually
according to demand.

The problem with decentralized systems is, how-
ever, the high investment costs which decreases
their competitiveness. When it comes to equip-
ment the field faces a vicious circle: the customer
(the operators) would be interested if the prices
were lower and the supplier could lower the
prices if the clients were prepared to buy more.
Another dilemma is the old-fashioned way to de-
sign the power plants. This design procedure ap-
plies better to larger plants (over 100 MW),
which leads to excessive designing when it comes
to smaller plants. In order to lower the overall
cost, an operational plan that takes into account
both specific customer needs as well as the
plant’s life cycle, and allows for production of
larger equipment series must be developed.

In addition to the above mentioned facts there are
also some misconceptions in the public discus-
sions when it comes to decentralized energy sys-
tems. We feel that these misconceptions should
be taken into consideration.

In the energy business, there is an obvious
bipartition between heat and electricity. In the
electricity field the CHP business is not under-
stood and is not included when calculating profit-
ability. Heat is still often seen as a deficit which
can be utilized – but not as a product which could
be sold. Respectively the heat suppliers are reluc-
tant to simultaneous production of electricity
even if the profitability would be higher.

The development of the field is also slowed down
by the varying regulations. Every grid operator
has own equipment and tariff rules which makes
it difficult to offer and supply standard plants. It is
notable that there are no legal barriers for decen-
tralized energy production. The challenge lies by
the grid operators.

Another challenge in the field is considered to be
the large spectrum of equipment and independent
electricity providers. The independent electricity
provider is considered as a risk because they
could uncontrolled supply electricity to the grid
with their own equipment. This is though an arti-
ficial problem. Every grid operator has full rights
and possibilities to set requirements both for
equipment and delivery times as well as for the
quality of the electricity.

Distributed energy production is a suitable com-
plement to biogas production. Since biogas pro-
duction by its very nature is distributed it makes it
natural to have a small power plant as a consumer
of the gas. Biogas on the other hand is a suitable
supplier of fuel for distributed power production.
It is generally considered that for distributed
power production to be profitable it has to be un-
manned which in turn requires either liquid or
gaseous fuel. Local consumption of the gas also
decreases transportation costs and also provides a
truly independent streak to the power supply
since it is based on local raw materials. Since
biogas plants for most part are small (under 2
MW) including them in the bigger portfolio of a
power producer would also enable emissions
trading, something which at present is not possi-
ble for an operator of an individual small plant.
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However, in order to provide a basis for large
scale utilization of biogas in distributed power
production the questions of quality and availabil-
ity have to be settled. The power producer is com-
mitted to providing power at certain agreed times.
In doing so the power producer relies on the gas
provider to provide required amount and quality
of gas. At present biogas producers are not con-
sidered fuel suppliers by the power producers
partly because they doubt the ability and commit-
ment of biogas producers to provide the gas. To
create demand for biogas and turn it into part of
the established fuels for power production biogas
producers need to eliminate doubt regarding
these issues.

Biogas in transportation

Biogas in transportation is a high quality fuel
which, just as natural gas, has low emissions.
However, the use of biogas in transportation is to-
day limited. This is partly because the use of gas
in transportation is still limited compared to liq-
uid fuels, but also because of concerns which are
specific for biogas.

The first problem can be seen as the chicken-and-
the-egg problem. Since there are very few gas-
driven cars there is little incentive to invest in fill-
ing stations, yet as long as there are few filling
stations there is little incentive to purchase a gas
driven car although gas presently costs about half
as much as gasoline. However, the situation is not
that bleak. First of all, the focus needs to be on
gas-filling stations, not just biogas. Biogas and
natural gas complement each other, they are not
competitors. Second, the number of gas filling-
stations in Finland is actually increasing steadily.
However, customers (both consumers and indus-
trial customers) have to be made aware of both
the number and the location of filling stations as
well as the different cars, trucks and buses avail-
able.

A second problem is the limited number of car
models which are available because the market is
limited. This decreases the willingness to pur-
chase by not satisfying the customer’s need and
also by having a lower second-hand value, odd

cars tend to have a much lower second-hand
value.

The third problem is specific for biogas. Biogas,
with its multitude of small manufacturers is con-
sidered an unreliable source for the kind of large
scale supply needed for transportation. Negative
experiences of first generation biodiesel (RME)
appear to have tainted the name of biofuels. Car
sales are clearly skeptical of both the ability and
commitment of small scale biogas producers, i.e.
farmers, to ensure continuous, reliable supply of
high-quality fuel. To ensure quality and availabil-
ity the transport sector stresses the need for gas
distributors which are able to coordinate avail-
ability and ensure quality.

Method

The value chain starting from biomass to power
or car use was analyzed for dependencies in the in
the process. By identifying the dependencies be-
tween the different actors in the process the inter-
faces between them can be defined and the divi-
sion of roles and responsibilities be established.
During the past two decades modularization has
become an increasingly important means for
competing in many high volume industries. At
best it has provided a basis for virtual enterprises,
where companies temporarily join forces in order
to exploit occasional business opportunities. This
is partly what goes on in project business, such as
engineering and construction. However, the ease
of integrating products, services, technologies
and knowledge in delivery projects is quite often
far from being virtual, which in part is based on
the ability to mix and match and substitute the
components (and companies) in a product (Garud
and Kumaraswamy, 1995; Sanchez and Maho-
ney, 1996). These are indeed desired directions
for many project-based industries as well, how-
ever difficult to achieve due to some fundamental
differences, such as discontinuity, uniqueness
and complexity. In essence, complex system in-
terdependencies, varying demand and small
batch sizes make it difficult to reap often ex-
pected economies of scale. Furthermore, due to
customer outsourcing suppliers are increasingly
asked to deliver integrated systems on a turnkey
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basis, that is, to assume responsibility for the de-
sign, systems integration and construction of the
product as well. In fact, in some industries cus-
tomers are demanding the supply of so called in-
tegrated solutions (Davies, 2004), rather than
separately buying design, equipment and a con-
struction contract. This is to say that integrated
solutions providers have to consider their system
(and its structure) from several life-cycle per-
spectives.

7.8.1 Analysis and Value creation
through applications

Today biogas is considered solely a by-product of
waste management and agriculture and the utili-
zation is only based on the energy contents of the
available biomass. In this case it is other incomes
such as waste management fees which are the
corner stones of the business. For now there are
consequently no business models in the field

which would have been developed on an energy
production basis; sold either as heat or/and elec-
tricity or a transport fuel.

The goal of the research is thus to create a busi-
ness model that combines all the biogas business
activities:
• Biomass production
• Biogas production
• Energy distribution and sales

Since the sales of gas cars is relatively new (com-
pared to the production of electricity and/or heat)
it is reasonable to consider it as an independent
field. Furthermore the model is to cover every
life-cycle phase in the value chain:
• The development of the project (Concept)
• The execution of the project (Project)
• Operation (Use)

Figure 7.9 shows the main business activities of
the business where the information flow is
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roughly presented during the phases listed above.
In the next chapter we will study responsibilities
and information flow in every phase of the value
chain.

The business model is based on a clarification of
the interfaces between the main parties in the
biogas value chain which are integrated into each
other. The purpose of the business model is to
clarify the role division of the parties. For each
party the responsibilities and expectations are
clarified for each phase of the project lifecycle.
The business model thus covers the entire project
lifecycle from conceptual development to opera-
tion and maintenance. The interfaces and the re-
sponsibilities that are included in them are speci-
fied on a generic level, not a contractual or pro-
ject-specific level. The aim is to ensure that each
party has a clear understanding of how the value
chain functions on a general level and a detailed
understanding of his own part in it. The role defi-
nitions are not limited to a mere technical level
but also include more governance related aspects
such as regular mutual reporting that improve
overall performance and also decrease uncer-
tainty, something which is crucial as the indus-
trial segment is started. Thus the business model
should not be seen as an expert system but rather
as a playing field which is based on a division of
responsibilities that takes into account technical
as well as social matters on the basis of which
business can be based.

7.8.2 The main findings and
future challenges

In order to establish use of biogas on an industrial
scale it is necessary to also focus on the structure
of the business and the value chain as such. n do-
ing so it is necessary to take into account techno-
logical conformities involved in each phase of the
project lifecycle. The technical conformities are
used as a basis for clarifying the commercial in-
terfaces and the division of roles and responsibili-
ties.

Clarifying the roles and responsibilities is key el-
ement in establishing the value chain. For exam-
ple in the biogas value chain the necessary tech-
nology has been long available commercially yet
biogas has not taken off as part of the energy in-
frastructure. This is largely because lack of clear
interfaces with clear division of responsibilities
and expectations for each party in relation to the
other parties in the value chain.

The unclear interfaces lead to both direct and in-
direct costs which hamper the business and
thereby inhibit the benefits arising from a func-
tioning industrial segment. Unclear interfaces
leads to over-engineering rather than standard-
ization which raises investment costs. Lack of
standard solutions also affects plant operations
which in turn lead to lower profitability. Unclear
interfaces raise the investment threshold. They
can also lead to an institutional lack of trust which
can be seen in the fact that both the power genera-
tion and transport sectors do not trust the farming
sector to be able to become integrated suppliers in
the respective industries.

By clarifying the interfaces between the parties
and integrating the different businesses (cultiva-
tion, gas production, power production and trans-
port) in a way that takes into account the specific
conformities of each business segment a basis for
investment is created. This type of overarching
solution is necessary. Merely focusing on a single
link in the value chain is not enough if the chain as
such does not exist. The value chain is established
by clarifying the commercial linkage between
two forms of already existing commercial activi-
ties for example cultivation and electricity con-
sumption.

The project is still ongoing. The key parties in the
value chain, biogas to power and biogas to trans-
portation have started coordinating their activi-
ties. The business model is at the moment being
tested by companies themselves and corrections
are being made to model. By the end of the year a
fully function business model for the industrial
utilization of biogas is expected.
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7.9 Eco-effective society and
economic energy production
solutions

Kymenlaakson ammattikorkeakoulu Oy,
Tekniikka ja liiketalous:
Ympäristöä säästävät energiaratkaisut
ja ekotehokas yhteiskunta.
Funding decision day: 22.12.2003.
Research project

The background of the project

The low grade residual heat will be produced in
the industry in overcapacity. Better utilization of
the residual heat is necessary to improve the envi-
ronmental friendly energy production. The gen-
eration of the residual heat from the industry or
other sources into the electricity would increase
the degree of environmental friendly energy utili-
zation.

A new eco-effective energy production system,
developed by Deveinfo Oy, was tested at labora-
tory scale at KYAMK earlier with proper prelimi-
nary results. However, to be able to find out the
capability of the system under the conditions rel-
evant for practical application a pilot scale tests
were necessary.

The main targets of the project

The main objective of the project was to find out
the performance of the new environmental
friendly energy production system and it’s viabil-
ity under dynamic long trial run conditions corre-
sponding to 5000 operating hours at Sammalsuo
dumping site. However, due to long delays during
the construction and manufacturing phase, the
targeted 5000 h operation was revised down to
about 1000 hours. Additionally relevant environ-
mental and techno-economical issues of the 50
kWe-system will be investigated.

Methodology of the project

To meet the challenge the project has been split in
four main stages:
• Planning and design
• Manufacturing the main equipments,

construction and assembling

• Testing
– short term tests at KYAMK test facility

and Sammalsuo Pilot Plant
– long term test at Sammalsuo Pilot Plant

• Relevant environmental and techno-economi-
cal analysis

The project has started in Spring 2004. The pilot
process has been designed at first in regard to the
main components such as LM-turbine, generator,
transformer etc to be able to start the equipment
testing. Due to too long delays of the supplier of
the first combustion unit, the supplier for the gas
combustion system, that produces the required
steam for the LM-turbine, was changed. The pip-
ing, electrical and measurement systems have
been designed by KYAMK assisted by outside
contractors and partners. The design has been
carried out in co-operation with partners. The re-
search part has been carried out by KYAMK in-
cluding the measuring, sampling, information
system and the process flow sheet. The designing
of the main components have been conducted by
Deveinfo Oy et al and KYAMK. The LM-turbine
has been designed and manufactured in Kotka
and the new combustion unit later in Ristiina. The
generator and transformer and the necessary re-
search test and measuring devices have been pur-
chased. The system is able to produce electricity
of 50 kW. The test facility for main component
testing has been designed and built at KYAMK.
The simplified process flow diagram has been il-
lustrated in Figure 7.10.

Preliminary tests in regard to equipment and from
low to medium pressure testing have been carried
out at KYAMK test facility, that is able to operate
up to 5-6 bar steam pressure measured at the en-
trance of the LM-turbine. The targeted 10 bar
steam pressure at the turbine entrance can be
reached only at the Sammalsuo Pilot Plant that
was assembled ready for equipment and pre pro-
cess testing in summer 2007. Due to technical dif-
ficulties in assembling phase that has been solved
now the capability to supply electricity into the
400 V grid continuously will be ready first at the
beginning of September 2007. The pilot plant has
been presented in Figure 7.11 and a simplified as-
sembling of the main equipments has been shown
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in Figure 7.12. The pilot plant consists of follow-
ing main components:

biogas combustion unit with steam generator,
that supplies the steam to the LM-turbine, is con-
nected to the main biogas line of the Sammalsuo
Dumping Site.

The combustion unit shown in Figure 7.13 is lo-
cated in the first container.

LM-turbine, connected to combustion unit with
insulated piping and necessary auxiliary measur-
ing and monitoring devices.

LM-turbine is connected to a condenser and gen-
erator with electricity producing capacity of
50–55 kWe. LM-turbine, condenser and genera-
tor system are located in second container as
shown in Figure 7.14.
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Figure 7.10. A simplified flow sheet of the test bank facility at Kyamk for
LM-turbine testing up to 5–6 bar pressure at the entrance of the turbine.

Figure 7.11. Sammalsuo Pilot Plant.
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Figure 7.12. A simplified assembling of the main equipments at Sammal-
suo dumping site.

Figure 7.13. Biogas combustion unit with steam generator.



A simplified testing program has been presented
in table 7.1.

Table 7.1. Simplified testing program.
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Figure 7.14. LM-turbine (back) connected to a condencer (left) and generator
(right).

Tests Equipment testing Process Testing:
Low & Medium Pressure
Tests up to 5-6 bar at
LM-turbine at Kyamk

Pilot testing: High
Pressure Tests up to
10 bar at LM-turbine
at Sammalsuo Pilot

Status

Short term tests LM-turbine
at Kyamk

Kyamk Sammalsuo
Dumping Site

• number of test
series

40 20 none done

• number of tests
per day

1-4 1-2 none done

Pilot tests
short term

Biogas unit
LM-turbine

several start up tests
several short term start
up tests

several start up tests
several short term start
up tests

done

Pilot tests
Long trial run

Biogas unit
LM-turbine
Generator connected
to 400 V grid

1 1 to be carried out
at Sammalsuo
pilot plant in
September 2007



7.9.1 New business concepts and
economic solutions

The main results

Several short term test series were carried out
during the year 2006 and in the first half of the
year 2007 in the test facility of Kyamk. In short
term tests at Kyamk up to 14–18 kWe depending
on the shaft speed (190–300 rpm) could be pro-
duced. Also short term start up tests with and
without LM-turbine have been carried out at
Sammalsuo Pilot Plant for fine tuning the system
and necessary adjustments have been made.

Due to technical difficulties occurred in the as-
sembling phase in regard to connect the system in
the electrical network no long run test could be
started yet. Due to delay occurred in the assem-
bling stage and redesigning of an equipment that
will be connected in the electrical cabinet, was
ready for installation at the end of August. There-
fore the connection into the 400 V electrical grid
can be carried out at the beginning of September.
The project status is ongoing.

7.9.2 The main findings and future
challenges

Practical applications of the results

• Due to ongoing project no final results regard-
ing the long run tests can be presented here yet.
According the revised schedule the project
should be completed at the end of September
2007. It is estimated that until then only 1/10 of
the targeted time of the long run test can be
completed at Sammalsuo Dumping Site.

• Due to a preliminary co-operation agreement
an equipment manufacture can utilize the sys-
tem in his specified program so far specified
terms of a successful completed trial run are
fulfilled.

Suggestion for future work

Due to delays the long term test run can be com-
pleted only partially during the remaining time
frame of the project. However, the trial run may
be continued outside of the project so far new a fi-
nancial aid has been placed.

7.10 Eco-efficient housing and
housing area

Valtion teknillinen tutkimuskeskus,
VTT Rakennus- ja yhdyskuntatekniikka:
Ekotehokas rakentaminen ja asuminen.
Funding decision day: 26.6.2003.
Research project

The project focused on concept solutions for
eco-efficient housing and decentralized, distrib-
uted energy systems suitable for small scale con-
struction of housing areas. The concept solutions
were developed for networked production. Busi-
ness and operational models for company net-
works were analysed accordingly. The project
supports local building products’ industry by
knowledge sharing and showing new business
opportunities.

7.10.1 Model solutions for
eco-efficient housing

A model house was designed according to the de-
sired performance characteristics describing the
user requirements and environmental targets of
the house. VTT’s requirement’s management
tool EcoProp (2003) was used in setting the re-
quirements. Requirements for the technical de-
sign were derived from the performance require-
ments:
• The house is adaptable with regard to both size

and floor plan
• The wooden house serves for short delivery cy-

cle at site and simple thermal insulation sys-
tem. The load-bearing wooden frame is sin-
gle-framed allowing for high levels of insula-
tion. Comfort is taken into account in all
dimensioning of structures.

• The house is energy-efficient. The heating en-
ergy demand of the house is less than 50%
compared to a house according to national
building code of 2003, and less than 35% com-
pared to typical buildings before 2003.
Heating energy consumption can be decreased
further by building service systems. Appli-
ances and heating and ventilation equipments
are energy labeled (class A)

• The house has a long-service life. The durabil-
ity of the wooden envelope structures is im-
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proved by environmentally friendly wood pre-
servatives. The coloring of the house is based
on tinctures traditionally used in wooden
houses. The house has a tilted roof for facade
protection.

• The house has a good and healthy indoor cli-
mate. The adaptability of the house is taken
into account in the design of building services.
The materials and solutions support good and
healthy indoor environment.

The house can be built using local resources. The
house should fit for both rural areas and dense

town areas. Full scale adaptability is a difficult
task to achieve for a common model house de-
sign. The solution was to allow different floor
plans within the structural modules, and to make
it possible to build different apartment sizes from
73 to 195 m2 with the same basic foot print of the
house. As the house has either 1½ or 1¾ story the
upper floor can be finished later-on depending on
the needs of the family, Figure 7.15. Building ser-
vices systems are designed for the maximum size
of the building. Routing of building service’s sys-
tems can be placed in the internal floor. The bath-
room, sauna and room for technical equipment is
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a prefabricated module. Kitchen is directly con-
nected to the module, and upper floor bathroom
locates directly above the module. This enables
short routing of ductwork, electricity and water
and sewage systems.

7.10.2 Decentralized energy systems
for housing areas

The houses are designed so that the larger is the
house the less energy by m2 it consumes. The
maximum heating energy demand can vary be-
tween 70–50 kWh/m2, which includes energy
produced for heating and hot water, and fire wood
used in the fire places. The peak auxiliary heating
energy power is restricted to 35 W/m2.

Typical heating system in Finnish houses is direct
electric heating system. To be able to reduce the
number direct electric heating systems and at the
same time the power demand of an area, builders
need to have other possibilities. Local distributed
heat networks were considered as a municipality

offered network Three alternatives were consid-
ered for a distributed heating energy network:
• High temperature biomass plant (T = 80/43 oC)

using local energy sources.
• Centralized ground heat distribution system

(T = 50/40 oC) with separate hot water system
• Distributed low temperature ground heat sys-

tem (T = 2/-1 oC) with individual heat pumps.

These systems were compared to direct electric
heating systems. A cost analysis showed that the
low temperature distributed ground heat system
(Figures 7.16 and 7.17) is cost efficient for both
the municipality with regard the construction
costs and the builders with regard the life-cycle
costs. The investment cost for the ground collec-
tor systems ranges roughly from 10 up to 50 €/
floor-m2 of houses. The costs are dependent on
the plot ratio of the area, and the heat source. With
a low rural plot ration the costs for a total network
is high. If the network can be divided into sub net-
works, the costs will be reduced down to 25–35 €/
floor-m2 even in a low density areas.
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Figure 7.16. Ground heat network examples.



7.10.3 Business opportunities

Business opportunities for energy efficient sin-
gle-family houses do exist. The market attitudes
are changing towards eco-efficiency, although
very slowly. Climate change is the main driver in
this change. In order to make use of the opportu-
nities, the current locked-in patterns that keep the
alternatives from receiving wider acceptance
need to be changed. In the case of eco-efficient
single-family houses, the lock-in situation stems
from a set of interrelated rules that together pre-
vent the present state from changing.

To be able to achieve a wider market position of
eco-efficient construction, new kind networking
is required. Strategic niche management shows in
this perspective the possible ways through nar-
row market niches to market acceptance. Niche
management is based on technology demonstra-
tion to make the technology well-known. As the
market success increases, the development of the
concept can be promoted. The success requires
also socio-economic acceptance. There are two
possible ways:

• The product (whole building) is allocated to a
specific market segment. The producer needs
to create a differentiation strategy to serve this
market segment.

• The product is allocated to a network opera-
tion. The production network has to be able to
manage the whole building approach, and to
create a new production culture for construc-
tion.

The segments of the Finnish housing market have
not been defined. It has been anticipated that the
demand for eco-efficient housing grows from ac-
ademic families with children, but there is no
clear evidence on that. It is also quite uncertain
that market orientation based on market segments
would change the processes and market situation
to enable the market penetration. The notion of
socio-economic regime can be used to conceptu-
alize the situation.

The development of a housing area can be carried
out as a network operation. To make the concepts
into economically viable housing areas, three re-
quirements need to be fulfilled in order to gain
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Figure 7.17. Heating cost differences between local distributed system and di-
rect electric heating at a time of use of 30 years. The costs include network con-
struction costs and heat pumps, maintenance costs, running costs etc. The cost
based benefit improves if the plot ratio of the area is high (Tuusniemi 1), or if one
heat pump can serve for two houses.



larger markets or to create local markets for local
contractors:
1. An open concept is needed for to create wider

markets for eco-efficient houses and housing
areas. A company network requires instruc-
tions and quality assurance methods to be able
to produce the solutions at the required quality
level.

2. Model solutions proved economically viable
technologies for eco-efficient housing areas.
However, operational models with regard to
eco-efficient housing areas are needed for in-
dividual regional contractors to help for cost
efficient production

3. The funding schemes for eco-efficient hous-
ing area need to be developed. This includes
the sharing of risks, costs, and revenues. Also,
organization of maintenance and running pro-
cedures for distributed energy systems need to
be solved.

The major target area for export of eco-efficient
housing area is Russia, and specifically the area
of St. Petersburg, and China.

7.11 EHJ Concepts of
distributed CHP

Valtion teknillinen tutkimuskeskus,
VTT Prosessit:
Hajautetun CHP:n EHJ-konsepti.
Funding decision day: 18.6.2003.
Research project

In recent years, the CHP technology development
allows for smaller and smaller CHP plants being
economically feasible. Whereas micro-CHP in
the range suitable for households and small busi-
nesses is being tested all over Europe, also plants
in the size of 500 kWel...10 MWel are becoming
more and more economically attractive. Indus-
tries with a large heat load are or will be changing
their boilers to CHP plants hand in hand with ris-
ing electricity prices and CO2 emission costs.

One of the bigger obstacles on this road is the re-
sources needed to manage these plants in an open
energy market environment. The more degrees of
freedom a CHP plants has, the more management
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it will need to make the best use of its possibili-
ties: heat load and electricity load forecasts, mar-
ket price information management and participa-
tion in the markets, production optimisation,
commercial balance management etc.

The target of this project was to develop a concept
of an energy management system for a power
company, an end-user or a service provider who
operates several CHP-units in the de-regulated
electricity and gas markets. VTT, the technical
research centre of Finland (www.vtt.fi) was pro-
ject responsible research partner and Gaia Group
Oy project research partner. Partakers in the
steering group, as well as part financiers, were
Gasum Oy, KSS Energia Oy, Porvoon Energia
Oy, and Vantaan Energia Oy.

The development work first off defined the re-
quirements and gathered information of existing
programmes. The second result of the project was
an implementable concept for an energy manage-
ment system including assessments of develop-
ment contributions for the implementation. The
third result of the project was a draft research plan
for a follow-up project regarding the implemen-
tation and piloting of the concept.

7.11.1 New business solutions for
and through EMS of
distributed CHP

The first two project results are found in the re-
search report EMS Concept for Distributed CHP
(in finnish: Hajautetun CHP:n EHJ-konsepti.
Göran Koreneff, Eero Vartiainen, Pekka Kopo-
nen, Seppo Kärkkäinen. Projektiraportti PRO1/
P7005/04 (31.1.2004). Public. 39 p. + app. 15 p.)
The research has also been actively brought for-
ward in DENSY seminars and workshops.

The third result, the research plan, was used to set
up an industry driven follow-up project.

Whereas large utilities have both software needed
as well as human resources available, small CHP
plant owners and/or users are lacking in this area.
Software designed for larger utilities is too ex-

pensive, and too demanding on human resources,
to be used in the small circles of distributed CHP.
Energy management systems delivered with
small CHP plants on the other hand will be quite
restricted especially in an open electricity and/or
gas market or for a multiple location concept.

Several researches in Europe concerning distrib-
uted resources focus on the role of an aggregator,
who manages several, physically as well as fis-
cally separated resources. The aggregator could
be the owner of one or all of the resources, or an
independent agent managing the resources opti-
mally and to the benefit of all parts. Wind power
plants are a good example of distributed re-
sources to already be manageable by an
aggregator. CHP plants, having more degrees of
freedom due to both steerability and the mass of
products to steer (heat, electricity, steam, fu-
els...), are in need of a more complex EMS. A va-
riety of combinations of CHP plants and sites and
end-users allow for, and even demand, a multi-
tude of new business solutions. This project’s fo-
cus was on the EMS needs of an aggregator man-
aging three separate locations, whereof two had
CHP plants and one was just an end-user of elec-
tricity. The solution derived at in this project is
extendable to more sites of varying composition.

Main criteria of feasible EMS-related business
solutions are:
• EMS must be able to manage several separate

producers and end-users of both electricity and
heat, and preferably also steam as a separate
product

• EMS must be able to manage several fuels, and
preferably allow for fuel markets

• Each end-use site may have a different electric-
ity or fuel (natural gas) distribution tariff as
well as a tariff for feed-in of electricity

• EMS should be easy to install and maintain
• EMS should be easy to use, demanding only a

minimum of human input to run
• The EMS should be modular to allow for easy

module replacements as well as future exten-
sions

• EMS modules should be inexpensive
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7.11.2 The main findings and
future challenges

The first future challenge of the project was to set
the development of a prototype into gears. The
challenge was successfully met.

The EMS concept for distributed CHP was turned
into a software program in an industry driven pro-
ject 2004–2005 led by Gaia Group Oy and in-
volving Gasum Oy, KSS Energia Oy, Keravan
Energia Oy and Metso Automation. The software
met all criteria set up in the research project.

The severely delayed mushrooming of small,
end-user driven distributed CHP plants in Fin-
land has left the software for the time being in
limbo here, so marketing has been stretched to
other more advanced EU-countries, e.g. Den-
mark and the Netherlands. With the Kyoto period
2008–2012 at the doorstep and with some rather
heavy EU-decisions for the year 2020 already
made, one cannot but anticipate a rapid market
development for distributed CHP and related
software.

EU-targets (ESD, the energy service directive) of
a 9 % improved energy efficiency by the year

2016 for sectors outside the emissions trading
scheme as well as improved end customer infor-
mation systems (two-way-metering etc) will ad-
vance active end-user reactions and demand side
management. These features’ relations with the
developed EMS concept should be further stud-
ied, and implemented into the pilot program.

7.12 Conclusion – the future
needs and opportunities

Referring to figure 7.19, we argue that the re-
search programs within the area of business mod-
els provide significant input on the subject of dis-
tributed energy production. In addition to the pro-
jects related to technology and governance em-
phasis needs to be put also on governance and
business. Together governance and technology
form the frame for the distributed energy industry
(fig 7.20). Technology forms the micro-level
where individual challenges in distributed energy
production are addressed. The governance level
is the macro level where distributed energy is ad-
dressed from a regulatory and political perspec-
tive. Between these two levels is the Meso level,
i.e. business level, which concerns one of the
most important issues: how the business of dis-
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tributed energy production need to be carried out
and how the distributed energy industry should be
structured. Thus it deals with questions relating
to transactions, strategy and organisations.

As business expands, the industry develops and
the demand for new technological solutions and
manufacturing techniques arise. Standardization
also increases together with attempts to increase
efficiency through economies of scale. At the
same time, industry influences the political and
regulatory environment either by its own initia-
tives or by initiatives that derive from the effects
the industry has on society. Thus two self-rein-
forcing loops arise and propel the overall field
forward. To do so all three levels have to interact
and develop, making it necessary tom combine
knowledge in the fields of technology, business
and governance.

In a field such as distributed energy generation,
which is nascent and has not yet reached maturity
on any level, focus on all three levels is important.
There exist needs for technological solutions that
enable both the commercial and the regulatory
measures. At the same time, there are needs for
regulatory development that creates room for the
application of the different technologies avail-
able. Last but not least, the commercial methods

for utilizing the technology within the regulatory
perimeters are needed. These three dimensions
need to advance more or less parallel to each
other – if one lags then the other two will be
slowed down or stop altogether.

As it is, in this context, both the technological Mi-
cro level and the regulatory Macro level have ad-
vanced. Technologies have been studied and de-
veloped and although there still is a need for fur-
ther development in order to raise efficiency and
cut costs, there are already many technologies
and solutions available for commercial opera-
tion. The regulatory environment has also devel-
oped. Perhaps most importantly connecting a
small power plant to the grid is no longer cumber-
some and discriminated against. However, on the
commercial level the development has not been
as fast. This can partially be seen in the fact that
distributed energy production has not arisen on a
commercial scale whereas both technologies and
regulations enabling distributed energy produc-
tion have arisen. This should not be seen as proof
that distributed energy production is not commer-
cially feasible. Instead it shows that no function-
ing and profitable model for business based on
distributed energy production has yet been fully
developed and tested.
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Although, within the Densy program has been
significant research into the area of business
models only one of the research projects have
gone so far as to piloting the business model. In
research and development work piloting is an im-
portant step. In the natural and technological sci-
ences piloting, i.e. the practical testing of one’s
theories, models and assertions is common prac-
tice – proof of which is not only all the new solu-
tions that are brought forward but also the numer-
ous ideas that have been disproved. Unfortu-
nately, the tradition of testing ideas and theories is
not nearly as usual in business studies – i.e. the
field of how business is done in a certain industry.

There are several reasons for the lack of piloting
and testing of business models. First, the field of
business studies has experience in developing
new models but lacks the experience and tradi-
tions for implementing them. There are no estab-
lished rules-of-thumb, gates, tasks, milestones,
performance meters or benchmarks. Second,
most companies also focus more on innovation
and initiatives that derive from their existing busi-
ness models. Developing a new business model
from the existing conformities of technology and
regulations can in practice mean developing a
new company or division, learning new ways of
doing things and accepting new truths. A new
business model may even pose a threat to the ex-
isting business model – as for example distributed
energy could do to business models that are based
on centralized solutions. Third, since the concept
of piloting business models and management the-
ory is unclear financiers such as Tekes are put in
an awkward position. Without a clear concept for

how a business model will be implemented finan-
ciers can not demand a clear and well thought-out
plan for how the implementation, piloting and
testing of the models will be carried out.

There would be clear benefits from testing busi-
ness models by piloting them in companies. First,
by testing the models it is possible identify weak-
nesses in the underlying theories and assump-
tions thereby contributing to business studies and
the study of the particular field. Second, testing
and piloting the business model is also the best
way to ensure that the companies concerned are
able to take concept into practice and thereby
benefit from the basic research being carried out
at universities. Third, even if the model were to
prove unworkable that would in itself contribute
to overall knowledge and function as a basis for
further theories and models.

Therefore, we suggest that Tekes put focus on
how business models in different technology pro-
grams are implemented in practical “piloting”
cases– the steps, tasks, gates and milestones. This
would benefit not only the field of distributed en-
ergy but also other areas of business and the re-
lated technologies. An industry field develops
from technical and regulatory conformities that
set the stage for the industry. In this setting busi-
ness models are needed to facilitate the utilization
of technological and governance structures. Pi-
loting, testing and implementing business models
starts a virtuous circle where industrial utilization
becomes commonplace which leads to increased
production, increased economies of scale and
new initiatives and innovations.
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APPENDIX A

Projektit ja yhteystiedot

ABB Oy
Suoravetoisen suurinapalukuisen
kestomagneettituuligeneraattorin kehityshanke
Voutilainen Ville, ville.voutilainen@fi.abb.com
PL 210, HELSINKI

Ajeco Oy
Verkottunut Telemetria-II
Holmström John, john.holmstrom@ajeco.fi
Koronakatu 1 A, ESPOO

Alufer Oy
Lämpöpumpun kehittämisprojekti
Kupiainen Esko, esko.kupiainen@alufer.fi
Juhontie 6, KUVANSI

Aumet Oy
Z-moottorin jatkoprojekti
Janhunen Timo, timo.janhunen@aumet.fi
Leankuja 4, MONNINKYLÄ

AW-Energy Oy
WaveRoller pilot plant
Homanen Ilkka,
ilkka.homanen@aw-energy.com
Lars Sonckin kaari 16, ESPOO

AW-Energy Oy
Aalto-olosuhteiden esitutkimukset
erikoislaitteistolla
Järvinen Arvo, arvo.jarvinen@surfeu.fi
Lars Sonckin kaari 16, ESPOO

AW-Energy Oy
AWE-pilot-koelaitos
Järvinen Arvo, arvo.jarvinen@surfeu.fi
Lars Sonckin kaari 16, ESPOO

AW-Energy Oy
AW-Energy aaltoenergialaitoksen kehitys
Järvinen Arvo, arvo.jarvinen@surfeu.fi
Lars Sonckin kaari 16, ESPOO

AW-Energy Oy
AW-Energy aaltoenergialaitos
Järvinen Arvo, arvo.jarvinen@tiscali.fi
Lars Sonckin kaari 16, ESPOO

Biovakka Oy
Paikallisten energialähteiden teollinen
hyödyntäminen - biokaasu
Heilä Jyrki
Gustafsson Magnus,
magnus.gustafsson@pbi-institute.com
Kalannintie 371, VINKKILÄ

Condens Oy
Novel-jatkoprojekti
Haavisto Ilkka, ilkka.haavisto@condens.fi
Talkkunapolku 6, HÄMEENLINNA

Condens Oy
Novel-voimalaitosprosessin kaupallistaminen
Haavisto Ilkka, ilkka.haavisto@condens.fi
Talkkunapolku 6, HÄMEENLINNA

Deveinfo Oy
LM -lämpöturbiinin pilottiprojekti
Rantala Veikko, veikko.rantala@deveinfo.fi
Lehmusoksa Kauko,
kauko.lehmusoksa@deveinfo.fi
Suvipellontie 20, VASTILA

Digita Oy
Energiayhtiöiden tiedonsiirtoverkkojen
palveluliiketoiminnan
kehittämismahdollisuudet
Mattila Pekka, pekka.mattila@digita.fi
Karhu Jari, jari.karhu@digita.fi
PL 135, HELSINKI

Empower Oy
Hajautetun lämpövoimantuotannon etäkäyttö
Ruokonen Antti, antti.ruokonen@empower.fi
Lonka Petri, petri.lonka@empower.fi
Lommilantie 6, ESPOO

Enermet Oy
E!2023 ITEA SHOPS - Sähköenergiatiedon
keruu. Osa 1/2.
Savelius Anssi, Anssi Savelius@enermet.com
Salvesenintie 6, JYSKÄ
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Gaia Group Oy
Hajautetun CHP:n energiahallintajärjestelmän
tutkimus
Vanhanen Juha, juha.vanhanen@gaia.fi
Vartiainen Eero, eero.vartiainen@gaia.fi
Bulevardi 6 A, HELSINKI

Gaia Power Oy
Päästökaupan ja lämpövarastojen optimointi
energiahallintajärjestelmässä
Vanhanen Juha, juha.vanhanen@gaia.fi
Vartiainen Eero, eero.vartiainen@gaia.fi
Bulevardi 6 A, HELSINKI

Greenvironment Oy
Kaatopaikkakaasun hyötykäyttö mikroturbiinin
avulla
Malkamäki Matti,
matti.malkamaki@greenvironment.com
Hallinkatu 1, LAHTI

Hafmex Windforce Oy
Tuulivoimalan toimituskonseptin kehitys ja
markkinaselvitys
Jokinen Juhani, juhani.jokinen@hafmex.fi
PL 35, ESPOO

JAL-Energy Service Oy
Pellettilämpö 1-10 MWth
Alajärvi Jorma,
jorma.alajarvi@jal-energyservice.fi
Takojankatu 1c B 15, TAMPERE

Jyväskylän yliopisto
Sähköä 10 kW ja lämpöä puupelleteistä / JYU
Aho Martti, martti.aho@vtt.fi
PL 35, JYVÄSKYLÄN YLIOPISTO

Kemijoki Oy
Tulvaluukkukoneet
Posio Markku, markku.posio@kemijoki.fi
Kusmin Heikki, heikki.kusmin@kemijoki.fi
PL 8131, ROVANIEMI

Klinkmann Automaatio Oy
Lämmöntuotannon langaton valvonta
Vähimaa Seppo, seppo.vahimaa@klinkmann.fi
PL 38, HELSINKI

Kylmätec Ky
Pienen tuulivoimalaitoksen teknologiakehitys
Kontkanen Pentti
Jokipellonkatu 13, OUTOKUMPU

Kymenlaakson ammattikorkeakoulu Oy
Ympäristöä säästävät energiaratkaisut ja
ekotehokas yhteiskunta
Markku Huhtinen@kyamk.fi
PL 13, KOTKA

Labgas Instrument Co Oy
Kannettava energia
Varila Reijo, reijo.varila@labgas.com
Olarinluoma 15, ESPOO

Lappeenrannan teknillinen yliopisto
Biopolttoainelaitoksen optimointi
Koskelainen Lasse, lasse.koskelainen@lut.fi
Tuutti Veikko, veikko.tuutti@lut.fi
PL 20, LAPPEENRANTA

Lappeenrannan teknillinen yliopisto
Syrjäytysmoottoriprosessit hajautetussa
energiahuollossa
Koskelainen Lasse, lasse.koskelainen@lut.fi
Larjola Jaakko, jaakko.larjola@lut.fi
PL 20, LAPPEENRANTA

Lappeenrannan teknillinen yliopisto
Business creation with new concepts
in the intersection of industries
Kässi Tuomo, tuomo.kassi@lut.fi
PL 20, LAPPEENRANTA

Lappeenrannan teknillinen yliopisto
Hajautetun sähköntuotannon tulevaisuus-
skenaariot ja vaikutukset liiketoimintamalleihin
Kässi Tuomo, tuomo.kassi@lut.fi
PL 20, LAPPEENRANTA

Lappeenrannan teknillinen yliopisto
ORC hajautetussa energiahuollossa:
perustutkimuskohteet
Larjola Jaakko, jaakko.larjola@lut.fi
PL 20, LAPPEENRANTA

Lappeenrannan teknillinen yliopisto
Hajautetun energiantuotannon modulaarinen
yhdyskunnan sivuainevirtoja hyödyntävä
CHP-laitos
Marttila Esa, Esa.Marttila@lut.fi
Bergman Riikka, riikka.bergman@lut.fi
PL 20, LAPPEENRANTA

Lappeenrannan teknillinen yliopisto
Paikallisten sivuainevirtojen hyödyntäminen
hajautetuissa energiajärjestelmissä
Marttila Esa, Esa.Marttila@lut.fi
Horttanainen Mika, Mika.Horttanainen@lut.fi
PL 20, LAPPEENRANTA

150

mailto:juha.vanhanen@gaia.fi
mailto:eero.vartiainen@gaia.fi
mailto:matti.malkamaki@greenvironment.com
mailto:juhani.jokinen@hafmex.fi
mailto:jorma.alajarvi@jal-energyservice.fi
mailto:martti.aho@vtt.fi
mailto:markku.posio@kemijoki.fi
mailto:heikki.kusmin@kemijoki.fi
mailto:seppo.vahimaa@klinkmann.fi
mailto:Markku.Huhtinen@kyamk.fi
mailto:reijo.varila@labgas.com
mailto:lasse.koskelainen@lut.fi
mailto:veikko.tuutti@lut.fi
mailto:lasse.koskelainen@lut.fi
mailto:jaakko.larjola@lut.fi
mailto:tuomo.kassi@lut.fi
mailto:riikka.bergman@lut.fi
mailto:Esa.Marttila@lut.fi
mailto:Mika.Horttanainen@lut.fi
mailto:eero.vartiainen@gaia.fi
mailto:juha.vanhanen@gaia.fi
mailto:tuomo.kassi@lut.fi
mailto:jaakko.larjola@lut.fi
mailto:Esa.Marttila@lut.fi


Lappeenrannan teknillinen yliopisto
Sähkönjakelu ja hajautettu sähköntuotanto
Pyrhönen Juha, juha.pyrhonen@lut.fi
Lindh Tuomo, tuomo.lindh@lut.fi
PL 20, LAPPEENRANTA

Lappeenrannan teknillinen yliopisto
Hajautetun voimantuotannon verkkoliityntä
ja koneet
Pyrhönen Juha, juha.pyrhonen@lut.fi
Lindh Tuomo, tuomo.lindh@lut.fi
PL 20, LAPPEENRANTA

Lappeenrannan teknillinen yliopisto
Suomalaisten ja venäläisten yritysten kilpailu-
ja yhteistyöasetelmat
Tiusanen Tauno, tauno.tiusanen@lut.fi
Väätänen Juha, juha.väätänen@llut.fi
PL 20, LAPPEENRANTA

Mikkelin ammattikorkeakouluyhtymä
Pienten lämpökeskusten automaation ja
tiedonsiirron kehittäminen
Mäkelä Veli-Matti,
veli-matti.makela@mikkeliamk.fi
PL 181, MIKKELI

Mikkelin ammattikorkeakouluyhtymä
Lämpöenergian toimitusrajan
teknistaloudelliset reunaehdot
Mäkelä Veli-Matti,
veli-matti.makela@mikkeliamk.fi
PL 181, MIKKELI

Motiva Oy
Selvitys suomalaisen energiateknologian
liiketoiminnan mahdollisuuksista Britannian
markkinoilla
Nojonen Osmo, osmo.nojonen@motiva.fi
PL 489, HELSINKI

MSc Electronics Oy
Pieni hajautetun sähköenergian
verkkoonkytkentälaite
Seppälä Pekka, pekka.seppala@mscgroup.fi
Alasniitynkatu 30, TAMPERE

Mökkimaailma Oy
Hybridivoimala
Hakanpää Timo
PL 33, TURKU

Netcontrol Oy
Uuden sukupolven sähköasema-automaatio,
vaihe 2/ 2
Mäkitalo Esa, esa.makitalo@netcontrol.com
Karvaamokuja 3, HELSINKI

Netcontrol Oy
Distributed Energy Management system
Mäkitalo Esa, esa.makitalo@netcontrol.fi
Karvaamokuja 3, HELSINKI

Netcontrol Oy
Uuden sukupolven sähköasema-automaatio
Mäkitalo Esa, esa.makitalo@netcontrol.fi
Karvaamokuja 3, HELSINKI

NHK-Keskus Oy
ROBORA-pihattonavetta, Korhonen Onni
onni.korhonen@nhk.fi
Lautatarhankatu 3, HÄMEENLINNA

Novoro Oy
NovoEngine
Pohjola Heikki
Poutlahdentie 12 A, ESPOO

Oivallin Oy
Oivallinen kunnonvalvonta
Karjalainen Seppo,
seppo.karjalainen@oivallin.fi
Kauppakatu 18 C 23, JYVÄSKYLÄ

Oy Cybersoft Ab
E!3221 EUROENVIRON AMER
Lampola Sakari, sakari.lampola@cybersoft.fi
Rikala Jussi
Hämeenkatu 25 B, TAMPERE

Oy Hydrocell Ltd
Polttokennoakun tuotekehitys ja
liiketoimintavalmiuksien kehittäminen
Anttila Tomi, tomi.anttila@hydrocell.fi
Minkkikatu 1-3, JÄRVENPÄÄ

Oy Hydrocell Ltd
Polttokennoakun ja metallihydridivetyvaraston
sekä vedynjakeluinfrastruktuurin kehittäminen
Anttila Tomi, tomi.anttila@hydrocell.fi
Minkkikatu 1-3, JÄRVENPÄÄ

Oy Merinova Ab
Kevyen kaapeliverkkojärjestelmän
kehittäminen
Jäntti Sauli, sauli.jantti@merinova.fi
PL 810, VAASA
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Oy Merinova Ab
Tuulivoiman verkkovaikutukset ja
verkkoonliitynnälle asetettavia teknisiä
vaatimuksia
Jäntti Sauli, sauli.jantti@merinova.fi
PL 810, VAASA

Oy Merinova Ab
ICT Energiaklusterissa
Jäntti Sauli, sauli.jantti@merinova.fi
PL 810, VAASA

Oy Merinova Ab
Sähköverkon ja siihen liitetyn hajautetun
tuotannon sähköteknisen suojaustekniikan
kehittäminen
Jäntti Sauli, sauli.jantti@merinova.fi
PL 810, VAASA

Oy Telenor Cinclus Ab
Radiokommunikationslösning
Österback Peter
Heimonen Kristian,
kristian.heimonen@comsel.com
Tiilitehtaankatu 5-7, VAASA

PEM-Energy Oy
Energiajärjestelmä
Seppälä Mikael, mikael.seppala@pem-energy.fi
Nahkahousuntie 5, HELSINKI

Powernet Oy
Matalan tulojännitteen AC/DC-muuttaja
Baarman Gösta
Pasanen Jouni, jouni.pasanen@powernet.fi
Rautatienkatu 52, ÄÄNEKOSKI

Primet Oy
Talousaluekohtaisesti jätteistä energiaa
Hämäläinen Keijo, keijo.hamalainen@efirec.fi
Länsikaari 13, HEINOLA

Prizztech Oy
Hajautetun lämmön ja sähkön tuotanto
alueellisessa energiajärjestelmässä
Andersson Iiro, iiro.andersson@prizz.fi
Tiedepuisto 4, PORI

Rotatek Finland Oy
Hajautettujen voimantuotantolaitteiden
generaattorit ja verkkoon liityntä
Mäkinen Jukka-Pekka,
jukka-pekka.makinen@theswitch.fi
Kurronen Panu, panu.kuronen@theswitch.fi
Tuotantokatu 2, LAPPEENRANTA

Savonia Power Oy
Pienvoimalaitoksen tuotekehitys
Nissinen Hannu,
hannu.nissinen@savoniapower.com
Wredenkatu 2, VARKAUS

Savonia-ammattikorkeakoulun kuntayhtymä
Maaseudun paikallinen sähkönjakelu- ja
käyttöjärjestelmä
Rouvali Juhani, juhani.rouvali@pspt.fi
Rissanen Risto, risto.rissanen@pspt.fi
PL 6, KUOPIO

Seinäjoen ammatillisen
korkeakouluopetuksen kuntayhtymä
Integrated solutions for distributed energy
sector
Kuusisto Jari, jari.kuusisto@sci.fi
PL 412, SEINÄJOKI

Suomen Lämmitystieto Oy
Pientalon öljylämmityksen ja
aurinkolämmityksen integrointi
Virsunen Ari, ari.virsunen@kolumbus.fi
Rauhala Hannu, hannu.rauhala@pp.inet.fi
Väinö Auerin katu 10, HELSINKI

Tampereen teknillinen yliopisto
Energialogistiikka
Aittomäki Antero, antero.aittomaki@tut.fi
Keskinen Simo, simo.keskinen@uwasa.fi
PL 527, TAMPERE

Tampereen teknillinen yliopisto
Sähkönjakelun aktiiviset hallintamenetelmät
Järventausta Pertti, pertti.jarventausta@tut.fi
PL 527, TAMPERE

Tampereen teknillinen yliopisto
Sähköverkkoliiketoiminnan kehittäminen,
vaihe 2/3
Järventausta Pertti, pertti.jarventausta@tut.fi
Järventausta Pertti, pertti.jarventausta@tut.fi
PL 527, TAMPERE

Tampereen teknillinen yliopisto
Hajautetun sähköntuotannon liittäminen
sähköverkkoon 2/2
Järventausta Pertti, pertti.jarventausta@tut.fi
Repo Sami, sami.repo@tut.fi
PL 527, TAMPERE
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Tampereen teknillinen yliopisto
Hajautetun sähköntuotannon liittäminen
sähköverkkoon
Järventausta Pertti, pertti.jarventausta@tut.fi
Repo Sami, sami.repo@tut.fi
PL 527, TAMPERE

Teknillinen korkeakoulu
Biomassan epäsuoraan polttoon perustuva
mikroturbiiniprosessi
Fogelholm Carl-Johan,
carl-johan.fogelholm@hut.fi
PL 1000, TKK

Teknillinen korkeakoulu
Distributed modular hydrogen systems
Gasik Michael
Valo Taina, taina.valo@hut.fi
PL 1000, TKK

Teknillinen korkeakoulu
Sähköä 10 kW ja lämpöä puupelleteistä / TKK
Lampinen Markku, markku.lampinen@tkk.fi
Pirhonen Janne, janne.pirhonen@tkk.fi
PL 1000, TKK

Teknillinen korkeakoulu
Polttokennojen lämmönsiirrin ratkaisujen
analysointi ja optimointi CHP-sovellutuksiin
Lampinen Markku, markku.lampinen@hut.fi
Noponen Tuula, tuula.noponen@tkk.fi
PL 1000, TKK

Teknillinen korkeakoulu
Biopolttoainetta käyttävän yhdistetyn lämmön-
ja sähköntuotantoyksikön kehittäminen ja
testaus
Lampinen Markku, markku.lampinen@hut.fi
PL 1000, TKK

Teknillinen korkeakoulu
TCP/IP-arkkitehtuuri hajautetun tuotannon
ohjauksessa
Lehtonen Matti, matti.lehtonen@tkk.fi
PL 1000, TKK

The Switch Electrical Machines Oy
Multimegawattikoneet ja liiketoiminnan kehitys
Mäkinen Jukka-Pekka,
jukka-pekka.makinen@theswitch.fi
Laukkanen Jorma,
jorma.laukkanen@theswitch.fi
Tuotantokatu 2, LAPPEENRANTA

Turun kaupunki
Liiketoimintamallit hajautettujen
energiajärjestelmien toimittamiseen
Ahtiainen Anne,
anne.ahtiainen@vsenergiatoimisto.fi
Kristiinankatu 1, TURKU

Vaasa Engineering Oy
Biovoimalasovelluksen kehittäminen ja
vakionti
Nurmi Jukka, jukka.nurmi@veo.fi
Heinilä Jari, jari.heinila@veo.fi
Runsorintie 5, VAASA

Vaasan yliopisto
Informaatiokartta energiajärjestelmän
hallintaan
Linna Matti, matti.linna@uwasa.fi
PL 700, VAASA

Vaasan yliopisto
Liiketoiminta hajautetussa energiantuotannossa
Peura Pekka, pekka.peura@uwasa.fi
PL 700, VAASA

Valtion teknillinen tutkimuskeskus
Energiavarastot hajautetun sähköenergian
hallinnassa
Alanen Raili, raili.alanen@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
Keskikoon energiavarastot hajautetun
sähkönjakelun sovelluksissa
Alanen Raili, raili.alanen@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
Energian varastoinnin teknologiat Suomen
tuulivoimalaitoksissa
Alanen Raili, raili.alanen@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
Pienten ja keskisuurten polttokattiloiden
materiaali- ja valmistustekniikat
Eklund Pentti, pentti.eklund@vtt.fi
Virta Jouko, jouko.virta@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
Tuulivoiman järjestelmävaikutusten arviointi
Holttinen Hannele, hannele.holttinen@vtt.fi
PL 1000, VTT
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Valtion teknillinen tutkimuskeskus
Tuuli- ja vesivoiman yhteisajo; IEA -yhteistyö
Holttinen Hannele, hannele.holttinen@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
Tuulivoiman kansainvälinen yhteistyö IEA
R&D WIND
Holttinen Hannele, hannele.holttinen@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
Hajautettujen energiajärjestelmien
kilpailukyvyn parantaminen
Kalliokoski Petri, petri.kalliokoski@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
Simulointiympäristö hajautetun tuotannon
verkkoonliittämisen ja verkostovaikutusten
tutkimiseen
Kauhaniemi Kimmo,
kimmo.kauhaniemi@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
Ekotehokas rakentaminen ja asuminen
Kokkala Matti, matti.kokkala@vtt.fi
Nieminen Jyri, jyri.nieminen@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
MULTIPOWER tutkimusympäristö
Komulainen Risto, risto.komulainen@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
Hajautetun CHP:n EHJ-konsepti
Koreneff Göran, Goran.Koreneff@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
Superkondensaattorin kehitys, vaihe 3
Keskinen Jari, jari.keskinen@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
Sähköä 10 kW ja lämpöä puupelleteistä / VTT
Linna Veli, veli.linna@vtt.fi
Heiskanen Veli-Pekka,
veli-pekka.heiskanen@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
Superkondensaattorin kehitys, vaihe 2
Raukola Jaakko, Jaakko.Raukola@vtt.fi
Keskinen Jari, jari.keskinen@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
Superkondensaattorin kehitys, vaihe 1/2
Raukola Jaakko, Jaakko.Raukola@vtt.fi
Keskinen Jari, jari.keskinen@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
PEM-polttokennotehonlähteen kehittäminen,
vaihe 3
Rosenberg Rolf, Rolf.Rosenberg@vtt.fi
Valkiainen Matti, matti.valkiainen@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
FINSOFC 2006
Rosenberg Rolf, Rolf.Rosenberg@vtt.fi
Kiviaho Jari, jari.kiviaho@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
Polttokennoteknologian ja -liiketoiminnan
kehitäminen Suomessa
Rosenberg Rolf, Rolf.Rosenberg@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
PEM-polttokennotehonlähteen kehittäminen,
vaihe 2
Rosenberg Rolf, Rolf.Rosenberg@vtt.fi
Valkiainen Matti, matti.valkiainen@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
FINSOFC - Liiketoimintaa suomalaisille
yrityksille
Rosenberg Rolf, Rolf.Rosenberg@vtt.fi
Kiviaho Jari, jari.kiviaho@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
PEM-polttokennotehonlähteen kehittäminen
osa1/3
Rosenberg Rolf, rolf.rosenberg@vtt.fi
Valkiainen Matti, matti.valkiainen@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
FINSOFC - Liiketoimintaa suomalaisille
yrityksille
Rosenberg Rolf, rolf.rosenberg@vtt.fi
Kiviaho Jari, jari.kiviaho@vtt.fi
PL 1000, VTT
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Valtion teknillinen tutkimuskeskus
Urheilupaikkojen integroidut
lämmitys-jäähdytystekniset ratkaisut
Sipilä Kari, kari.sipila@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
Lämpökaupan tekniset ratkaisut hajautetun
energian tuotannossa
Sipilä Kari, Kari.Sipila@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
Tuulivoimamallit sähköverkkotarkasteluissa
Uski Sanna, sanna.uski@vtt.fi
PL 1000, VTT

Valtion teknillinen tutkimuskeskus
Paikallisten energiaresurssien hallinta
hajautetussa energiajärjestelmässä
Wahlström Björn, bjorn.wahlstrom@vtt.fi
Tommila Teemu, teemu.tommila@vtt.fi
PL 1000, VTT

Verteco Oy
Suuritehoinen 4Q-taajuusmuuttaja
tuulimyllykäyttöön rinnankytkemällä
Törmänen Pasi, pasi.tormanen@verteco.com
PL 810, VAASA

Winwind Oy
WWD Global
Jääskeläinen Veli-Matti,
veli-matti.jaaskelainen@winwind.fi
Elektroniikkatie 2 B, OULU

Winwind Oy
WWD-1 Vientimalli
Jääskeläinen Veli-Matti,
veli-matti.jaaskelainen@winwind.fi
Elektroniikkatie 2 B, OULU

WM-data Utilities Oyj
Sähkön asiakastietojärjestelmä
Tommila Timo, timo.tommila@wmdata.fi
Laukkanen Jorma, jukka.sirkia@wmdata.fi
Laserkatu 6, LAPPEENRANTA

Wärtsilä Biopower Oy
Moduloitu, sarjatuotantoon perustuva
biovoimalaitos
Juha, juha.huotari@wartsila.com
Arabianranta 6, HELSINKI

Wärtsilä Biopower Oy
Arinakattilan päästöjen hallinta
Huotari Juha, juha.huotari@wartsila.com
Jääskeläinen Kari,
kari.jaaskelainen@wartsila.com
Arabianranta 6, HELSINKI

Wärtsilä Oyj Abp
Polttokennotuotteen T&K ohjelma
Fontell Erkko, erkko.fontell@wartsila.com
PL 196, HELSINKI

Wärtsilä Oyj Abp
Polttokennotuotteen T&K-ohjelma
Fontell Erkko, erkko.fontell@wartsila.com
PL 196, HELSINKI

Wärtsilä Oyj Abp
SOFC polttokennon virranmuokkaus ja ohjaus
Fontell Erkko, erkko.fontell@wartsila.com
Keränen Kimmo,
kimmo.keranen@wartsila.com
PL 196, HELSINKI

Wärtsilä Oyj Abp
Polttokennotuotteen kehitysohjelma
Fontell Erkko, erkko.fontell@wartsila.com
PL 196, HELSINKI

Wärtsilä Oyj Abp
Polttokennotuotteen kehitysohjelma
Fontell Erkko, erkko.fontell@wartsila.com
PL 196, HELSINKI

Åbo Akademi
Biokaasuun perustuvan hajautetun
energiantuotannon arvoketjun elinkaari
Gustafsson Magnus,
magnus.gustafsson@pbi-institute.com
Tuomiokirkontori 3, TURKU

Åbo Akademi
Alueellisten sekä rakennusten kylmä- ja
lämpöjärjestelmien yhteiskäyttö
Saxén Henrik, henrik.saxen@abo.fi
Söderman Jarmo, jarmo.soderman@abo.fi
Tuomiokirkontori 3, TURKU

Åbo Akademi
Design of Optimal Distributed Energy Systems
Saxén Henrik, henrik.saxen@abo.fi
Söderman Jarmo, jarmo.soderman@abo.fi
Tuomiokirkontori 3, TURKU
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