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Introduction

This document contains a short summary of the national current situation with respect to Zero Emission Fossil Fuel Power Plants. It aims to support the taskforces of ETP-ZEP. The document is edited by Mr. Eemeli Tsupari from VTT Technical Research Centre of Finland on assignment of TEKES, Finnish Funding Agency for Technology and Innovation. The work is done as a part of project Application of CCS in Finland.
We have used the information already available, in particular 

· EC’s Climate action and renewable energy package

· Research reports published by VTT Technical Research Centre of Finland

· Association of Finnish Energy Industries
· Publications of Ministry of Employment and the Economy
Chapters 1-5 contain facts and observations, no opinions. Chapter 6 (lessons for ZEP) contains opinions. 

1 Background information

Climate change has been the focus in the Finnish energy policy in the previous years. The National Energy and Climate Strategy was approved by the Government in November 2005 and endorsed by Parliament in June 2006. The strategy will be updated in 2008 coordinated by the Ministry of Employment and the Economy. The Strategy lays down energy policy goals and guidelines as to how Finland will meet the targets of the Kyoto Protocol and EC climate policy.

The Strategy has emphasised energy conservation and the use of renewable energy sources. Finnish greenhouse gas emissions should be reduced to 1990 level in the Kyoto period 2008-2012. There has been a significant annual variation in emissions depending on available hydropower in the joint Nordic Electricity Market (Nordpool), outdoor temperature during the winter and e.g. fuel costs including price of CO2 emission allowances. According to the EC’s climate action and renewable energy package, GHG emissions should be further decreased before 2020. In addition, almost 10 % increase in the share of renewable energy, resulting 38 % of the total energy consumption, by year 2020 is proposed for Finland in the EC’s climate action and renewable energy package. These targets require massive operations and for example increase in fossil fuel combustion or new nuclear and coal firing power plants could make the proposed share of renewable energy more difficult to achieve.

In power procurement the emphasis will be also in the future on combined heat and power production, renewable energy sources and bioenergy as presented in the figures 1, 2 and 3. Figures are from the study (in Finnish) made for the Ministry of Employment and the Economy by Ekholm, Lehtilä and Savolainen from VTT Technical Research Centre of Finland. The scenarios are based on economic projections by the Ministry of Finance and the Government Institute of Economic Research. The scenarios asses the optimal way of reducing Finnish CO2 emissions with a range of prices for emissions between 20 and 50 €/t CO2. The sectors not included in the emission trading scheme were assumed to conduct reductions with costs up to the value of emission rights. The use of coal was reduced after 2010, accompanied by an increase in the use of natural gas. The utilization of bioenergy increases considerable in the total energy balances. Also the use of wind power would grow. CCS would be profitable after 2020 with the higher prices for emission rights.
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Figure 1. Consumption of primary energy in Finland in five scenarios with different price for CO2 emissions (VTT, 2008).

[image: image2.png]Electricity, TWh

2002 2010 2015 2020 2025 2030

120
Electricity
import
100 Other
O Condensing
I Public CHP
80
[ Industrial CHP
Gas and oil
60 condensing
Coal and peat
O Congensing
40 m Wind
[ Water
20
[ Nuclear





Figure 2. Electricity sources in Finland in five scenarios with different price for CO2 emissions (VTT, 2008).
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Figure 3. GHG emissions from Finland in four scenarios with different price for CO2 emissions (VTT, 2008).

Diverse energy sources and secure energy supply have been advantages of the Finnish energy system and will be aspired also in the future. Typically, nuclear, hydro and CHP plants have been running the baseload to the electricity and district heating networks and the condensing power plants are adjusting the supply to the demand. Share of wind and solar energy utilization has been very small. Because the largest coal firing plants in Finland are mostly condensing power plants, they are operated as adjusting or peak power plants. CCS in peak power plant would probably change the start-up order of the plants. The Government has found out that no production form that has no adverse emission effects and is cost efficient should be excluded when the new capacity is being built in the future. In relation to gas, Finland’s objective is to establish a pipeline connecting the country with the continental European gas network.

The Government of Finland granted the construction license for a new nuclear power plant unit of TVO in February 2005. New unit is under construction and will be in operation approximately in 2011. There are also plans for one or two additional reactors but implementation and public acceptance of those plans are uncertain and will require several years before possible erection. The projects of Fennovoima, Fortum and TVO are now in an EIA phase.
Energy prices are dictated by competition in the open markets, and regulators help in this. Environmental regulation agrees with EC directives, e.g. LCP directive for large combustion plants and is coordinated by Ministry of the Environment. For example, SOx emissions have been reduced dramatically since the 1980s. The ownership of the electricity and district heat generation capacity is presented in figure 4 but also the following list should be taken into account. In addition, these largest companies have shares in the smaller companies, which are not included in this numbers.

- Fortum (ownership: state of Finland 51 %, Finnish and foreign companies, funds, privat)

- Kemijoki (ownership: Fortum 64 %, industry 19 %, municipal power companies)

- TVO (ownership: Finnish industry and municipal power companies, PVO, Fortum)

- PVO (ownership: Finnish industry and some municipal owners)
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Figure 4. Electricity and district heating capacity in Finland.

The largest CO2 point sources are Rautaruukki steel mills in Raahe and Koverhar, Outokumpu steel mill in Tornio, Neste Oil oil refineries in Porvoo and Naantali, power plants of Helsingin Energia in Helsinki and large power plants of Fortum (Naantali, Meri-Pori, Inkoo, Espoo), PVO plants in Kristiina and Tahkoluoto, coal, wood and peat co-firing CHP plant of Alholmens Kraft in Pietarsaari, Oulun Energia peat and wood co-firing CHP plants in Oulu, power plants of Vaskiluodon Voima in Seinäjoki and Vaasa, Lahti Energia power plant in Lahti and Vantaan Energia power plant in Vantaa. Large point sources are also cement mills and mills of forest industry. 

Energy intensity of the Finnish economy is relatively high mainly due to forest and steel industry. The most important companies are Stora Enso, UPM, M-Real, Rautaruukki and Outokumpu. These companies also own a significant share of the power generation capacity in Finland. Energy use, however, is efficient in international comparison. As indicated by the country’s northern location, Finland has a cold climate. The need for space heating, measured by average heating degree-days, is higher than that for any other country in the world.

Finland has no coal, oil or gas production but there are several peat production areas. The largest peat producer is a company called Vapo. There are also two oil refineries in Finland (Neste Oil). Natural gas is imported and distributed by Gasum. Important operators in the energy industry are also power plant manufacturers called Foster Wheeler, Metso Power and Wärtsilä.

Finland’s geographical area is large and the country is sparsely populated. Thus political goals related to regional and employment policy are taken into account. Finland is one of the leading countries in the use of bioenergy. The promotion of renewable bioenergy has benefits for energy and climate policy, but also for regional development and employment.

CO2 emissions from fossil fuel firing plants in Finland are traditionally decreased by increased efficiency by e.g. increased CHP production and by increasing the share of renewable fuels in co-firing plants. From couple of plants flue gas CO2 have been used for paper pigment production. There has been also a lot of R&D in oxygen use in combustion. Gasification is one very important research area in Finland and essential subject in it is syngas cleanup, which has similarities to CCS. Finland has also been a member of IEA GHG R&D programme, which has focused on CCS in the previous years.

In the R&D project Application of CCS in Finland the underground storage potential in Finland will be determined. It has been predicted that the potential is small and the storage in large scale may be more economic to do by building a pipeline to e.g. Norway.

2 R&D

At present, there are several research projects in Finland with connection to climate change mitigation. Many of these are funded by Tekes R&D programme called Climbus. For example, projects called Oxyfuel Combustion Concepts and Application of CCS in Finland are important CCS activities in Finland. CCS related R&D projects in Finland are listed in the table 1.

The main R&D-organizations related to CCS in Finland are VTT Technical Research Centre of Finland, Helsinki University of Technology, Abo Academi and The Geological Survey of Finland (GTK).

Table 1. Public ongoing CCS related R&D projects in Finland
	PROGRAMME
(theme, projects)
	BUDGET
	LINKS & CONTACTS

	ClimBus Programme:
Theme: Mitigation of Climate Change offers new business possibilities
 Oxyfuel Combustion Concepts

 Application of CCS in Finland 

 Oxygen Carriers and Their Industrial Applications

 Reduction of CO2 emissions and utilization of slag products by producing calcium-based products

 Novel Multi-Fuel-Fired Powerplant Concept

 Development of a CO2-free fluidised bed boiler

 Oxyfuel Simulation

 Absorption of CO2 from power plant flue gases
	 >70 mill€

1.36 mill€

1.39 mill€

1.80 mill€

0.27 mill€

-

-

-

-
	www.tekes.fi/climbus
jatta.jussila(at)technopolis.fi 

toni.pikkarainen(at)vtt.fi

matti.nieminen(at)vtt.fi

pertti.kauranen(at)vtt.fi

sebastian.teir(at)tkk.fi 

jorma.isotalo(at)pvo.fi

timo.jantti(at)fwfin.fwc.com

antti.komulainen(at)endat.fi 

mikko.anttila(at)metso.com 

	Sustainable Energy Programme:

Theme: The challenges faced by energy research include, in particular, harmonisation of environmental effects and economic edge conditions as well as the optimal use of renewable natural resources for raw materials and energy.
 Carbonates in energy technology
	10.4 mill€

0.55 mill€
	http://www.aka.fi/en-gb/A/Science-in-society/Research-programmes/Ongoing/Susen/
saila.karvinen(at)aka.fi
ron.zevenhoven@abo.fi


The ClimBus programme focuses on areas of technology in which Finland already has solid expertise. Finland has strengths in, for example, clean energy production and fuels, especially biofuels, and also energy-efficient technologies. Special objectives will be set for the development of services. Information about future technologies and the technological possibilities for emissions mitigation will be compiled in the programme as well. 

According to Tekes´ new technology strategy, the development of services and new business concepts are emphasised in the ClimBus technology programme. Emissions trading and emissions monitoring will create a demand for new services and new kinds of businesses. This is because emissions will soon be a cost factor for all energy users.

3 Implementation

Only few CCS relating demos have been announced in Finland by date but the general interest in industry is extensive.

Fortum and TVO have launched a project to develop a CO2 capture system to Meri-Pori power plant. The analysis of alternative technologies will take place during 2008 and planning how the chosen technology can be adopted in the plant’s power production may commence in the beginning of 2009. The objective is to make an investment decision in 2011 and thus have the system operational in 2015. Completed in 1993, the Meri-Pori condensing power plant generates power using coal as the fuel. Its power generating capacity is 565 MW of which Fortum’s share is 55% and TVO’s 45%. Meri-Pori is well-suited for CO2 capture as it is a large plant that uses modern technology. Due to lack of suitable storage locations in Finland, the CO2 from Meri-Pori will be shipped abroad for storage.
Announced demos are presented in the table 2. 

Table 2. Announced CCS related demos in Finland

	YEAR
OPERA-TIONAL

(Cancellation risk: source)
	PILOT/DEMO
(MW: MWe or MWth, tonnes CO2 p.a.)
	CAPTURE

(planttype, location)
	STORAGE
(type, location, distance)
	REFERENCE & CONTACT
(attach press release or link to website at which project is officially announced)

	 2015

 2015

 before Meri-Pori demo
	demo, 565 MWe, 

about 2.4 MtCO2/year

demo, 500-700 MW CHP, capture ready

pilot, 80MWth
	Meri-Pori, PC , capture type not decided 

Southern Finland, capture and plant type not decided

Suomenoja, Espoo, coal firing CFB, oxyfuel
	not decided 

not decided

-
	Fortum (Risto Andsten) 

http://www.fortum.com/

Press release 22 Jan 2008 

Pohjolan Voima Oy (Jari Niemelä)

http://www.pvo.fi/en-GB/home/

Press release 29 Mar 2008

Fortum (Eva-Katrin Lindman)

Fortum´s activities in CCS –presentation in Workshop on CO2 Capture, Utilisation and Storage

February 5, 2008 (www.tekes.fi)


4 Public acceptance

Public discussion about the CCS has been minimal before 2008 and level of awareness is therefore uncertain but it is likely to be low. In February 2008, a CCS seminar in Espoo was arranged by TEKES and the amount of participants was large. Famous speakers and good presentations may have affected on public acceptance but larger group needs to be reached.
5 Government policy 

Development of energy technology is one of the key activities in Finland´s national energy policy. Advanced technology plays an important role in curbing energy use and energy-related emissions. In the nuclear field the main target of the research is to promote nuclear safety. The objective of the energy technology RD&D is to develop solutions that are competitive on the international market – the domestic market is often too narrow. Energy technology research is linked with long-term national policies on industry, energy and technology. The Government contributes to the determined development of new technology for energy production and use. Development of new technology and promotion of its introduction onto the market are directed at sectors of technology and know-how that are inherent in the Finnish conditions. According to preliminary figures, Government spending on energy research, development and demonstration in 2005 totalled € 78.8 million.

The authorities have an important task to identify the technological strengths, which will promote the implementation of energy policies in a cost-effective way by sufficiently proactive measures. The actions of the authorities have a higher than average impact on the market in the energy sector. Legislation creates demand for new technologies, economic incentives alter market prices, and the uncertainty of legislation and incentives and the difficulty of predicting them are a risk for business operations in the sector, etc.

In the background reports made for the National Energy and Climate Strategy update, CCS is presented as one potential way to reduce CO2 emissions. In addition, e.g. research project Application of CCS in Finland is funded by TEKES, which acts under the Ministry of Employment and the Economy.
6 Lessons for ZEP

Q: What can we learn from this member state?

-
Applying CHP is an effective way to increase efficiency of national energy systems. Thus it should be significantly more common in the future. At least one of the demo plants should be a CHP plant. 

Q: What opportunities does this member state offer to ETP-ZEP?

· Efficient energy system with CHP and peat, renewables and coal co-firing and experiences from these technologies.
· Large renewable fuels firing plants
· Ongoing research projects on CCS, announced demos

· Domestic knowledge of plant design, manufacturing and service

Q: Which problems in this member state need to be addressed by ETP-ZEP?

· The lack of information on public acceptance
· No suitable storage sites founded
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