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ABSTRACT

A small nation planning to make use of nuclear energy technology faces an important question:
Is a nuclear energy programme just buying a reactor and fuel from abroad? The Finnish
experience says no. Making the best economic and technical choices depends on circumstances
and good decisions can be based only on adequate research. Carrying out a successful nuclear
energy programme demands high quality standards and, most importantly, nuclear safety is a
national responsibility. Thorough training of personnel and a deep understanding of the
technology are necessary to meet these challenges. In Finland, comprehensive coverage of
important scientific and technical aspects has been achieved economically by pooling the
resources of all domestic parties having relevant expertise and by extensive international
collaboration.

1 INTRODUCTION

Exploitation of nuclear power demands a large infrastructure, even for a small number of
reactors, and a long-term commitment to safety and waste management. The following Section
2 reviews the history of the Finnish nuclear energy programme, describing the specific
conditions of major influence. Experience until now suggests that the Finnish nuclear energy
programme has been commercially successful. Timely decisions have been made based on
thorough cost and demand estimates and the technical implementation has gone smoothly. A
detailed description of the history of nuclear power in Finland is given by Jauho &
Silvennoinen (1987). Table 1 gives a summary of the Finnish nuclear power plants and Figure
1 provides historical trends of some indicators of varying character.

Successfully carrying out a nuclear energy programme demands deep scientific knowledge and
comprehensive technological expertise. Section 3 reviews the experiences and lessons learned
in Finland stressing infrastructure and technical support. The existence of an independent,
competent, and efficient safety regulatory system is of utmost importance. Section 4 addresses
some aspects of safety regulation, while a more detailed account is given by Vuorinen &
Laaksonen(1996).

Keeping nuclear power plants safe and running economically demands continual attention to
the state of the technology and the expertise of the personnel. Section 5 briefly describes
modernisation projects currently underway at Finnish nuclear power plants. Section 6 closes by
presenting recent trends that may have important ramifications for the future of nuclear power
in Finland.
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Table 1

Plant
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Loviisa 2

TVO I
TVOI1

Nuclear power plant units in
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BWR
BWR

.- *
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AEE

ABB Atom
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-inland

Net
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(MWc)

445
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Total
2310

Ordering

1970
1971

1974
1975
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1977
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1978
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Commercial
operation

1977
1981

1979
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Cumulative
load factor
(end 1995)

84
87

89
92

Average
89

2 THERE HAS TO BE THE NEED FOR ELECTRICITY

Finland decided to order its first nuclear power plant in 1969 after a series of feasibility studies.
Behind the decision was an anticipation of strong economic growth in the 1970's, predictions
of even stronger growth in electricity consumption - which actually doubled during the period -
and the realisation that hydropower had been exploited almost to its limit. Also, Finland's
business environment and infrastructure favoured introducing nuclear power production.
Finnish industry was energy and capital intensive. Thus, there was a solid market for base load
capacity. The electricity grid was modern. The industrial infrastructure was strong and
diversified enough to consider a project of this size. Introducing nuclear power production
became the largest technology transfer project ever performed in Finland.

At the time, bilateral trade with the former Soviet Union was important to the Finnish
economy. This was one reason behind the finally political decision to order for Finland's first
nuclear power plant Soviet reactors. Also, Finland had a closed and stable economy with low
economic risk even for such a big investment. Competition for energy production between the
private and public sectors soon led to building a second nuclear power plant, this time with
Swedish reactors.

When the first nuclear reactor with a generating capacity of 440 MW was ordered, the total
installed capacity of Finland was about 4000 MW. Today, the total installed capacity is about
13 000 MW, and nuclear power accounts for 2310 MW of that amount. A country with only
one, or even a few nuclear power reactors, can probably not benefit fully from the economies
of nuclear power production. There must be a need and the possibility to build several.

The current situation in Finland is different in many respects. For one, future growth in
electricity consumption is expected to stabilise at one to two percent per annum. This growth
will come mostly from industry, where the ratio of electricity to heat used in industrial
processes is increasing. For another, the market for electricity in the Nordic countries has been
liberalised. In principle, it is now possible that market forces acting in these countries will
balance electricity production and consumption.
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Figure 1. Some historical trends related to nuclear power in Finland

51



Estimating how much electricity Finland will need and deciding how to generate added power
is much more complex today than in the 1960's and 1970's. Yet, energy cost remains
important to Finnish industry. To carry out sound strategic investment planning, industry must
count on assured availability and predictably pricing of electricity. Forecasts show a need for
added generating capacity in Finland soon after the turn of the century. As a result, there have
been several proposals by the industry to build new nuclear capacity. The Chernobyl accident
in 1986 and a lack of political consensus in the 1990's has killed these proposals. The scene is
quiet just now. Later, Section 6 explains.

3 EXPERTISE MUST BE AVAILABLE

The Finnish experience shows that a nuclear energy programme consists of more than just
buying nuclear power reactors and nuclear fuel from abroad. There is a saying that nuclear
power plants run on money and expertise. Nuclear energy is capital intensive, and experience
proves that carrying out a successful nuclear energy programme demands deep scientific
knowledge and comprehensive technological expertise.

Making the best economic and technical choices depends on circumstances, which keep
changing with time. Research must provide government and business decision makers with up-
to-date information on the long-term availability of energy resources, the economics of the
various options, and current and future environmental limits. Further, nuclear energy facilities
must be built and run with the highest of quality standards. To achieve these goals, personnel
must receive systematic and continual training. Theoretical and experimental research must
continue to extend the base of knowledge and expertise. Small countries with limited
resources, in particular, must collaborate internationally and make use of existing information
networks.

In Finland, we strive to preserve at least basic national expertise in all the essential scientific
and technical disciplines important to the safe and economical operation of nuclear power
plants. Pooling the resources of all relevant parties - the utilities, the regulatory authority, the
research institutions and the universities - makes this possible. Also, we rely heavily on
international co-operation in areas such as large-scale experimentation and computer code
development. It helps that Finland has only two power reactor types, and that we can
concentrate on operational safety and waste management.

Nuclear energy R&D in Finland aims to satisfy the following major needs:
- There must be continual improvement in the safety, performance, and economics of the

existing plants. Maintenance and refurbishment planning aims at extending plant lifetime.
- The government policy decision of 1983, with some later amendments, sets the schedule for

nuclear waste management. The amendment to the Nuclear Energy Act in 1994 stipulates
that all waste management activities must occur in Finland.

- The essential infrastructure must be preserved for possible future expansion of nuclear
capacity. International developments in nuclear energy technology are monitored.

Documents and data banks alone cannot preserve scientific and technological expertise. The
expertise resides largely in the experts that have been carefully and painstakingly educated over
the years. There must be stimulating and challenging work for them. Only active research
programmes with ambitious goals and clear targets ensure effective preservation of the
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personal skills of Finland's expert base. Also, the research must couple directly with the
practical needs of the nuclear energy industry and the nuclear regulators.

In their analysis, Jauho & Silvennoinen (1987) estimated that about seven hundred Finnish
students received training in nuclear engineering, in varying depth, during the most intensive
phase of the nuclear power plant construction years. Of these, 170 students earned a
specialised university degree in reactor technology or radiation protection. There is no similar
analysis of human resources today, with all existing nuclear power reactor units running and
the date of site selection for the spent fuel repository approaching. However, the member
statistics of the Finnish Nuclear Society (ATS), Figure l.may allow some conclusions. Most
Finnish experts with university level education involved in nuclear energy technology belong to
ATS, which was founded in 1966. By 1970 and the start of construction of Loviisa 1, the
membership of ATS exceeded one hundred. In 1975, with construction underway for all four
existing nuclear reactor units, there were about 300 members. By the early 1980's, with all
four reactor units running, the number of members exceeded 400. ATS membership has
continued to grow until latest years and is now quite stable at over 600. We estimate that some
450 of current members are actively involved in nuclear energy activities From these, almost
250 work for the utilities, 80 for VTT, almost 50 for regulatory bodies and some 25 for
universities.

There has been a slow decline in the volume of nuclear energy research in Finland for many
years caused by a gradual decline in public funding. In 1995, total nuclear energy research
funding was some FIM 120 million (USD 27 million), which translates to about 170 man-
years. The Technical Research Centre of Finland (VTT) carried out about two-thirds of the
work.

VTT employs more than 200 researchers with some nuclear energy related expertise. A large
part of VTT's research work in nuclear energy comes from research institutes that specialise in
generic technologies such as automation, materials, and chemical technology. The diverse
research environment of VTT is of benefit for its work in nuclear energy technologies. The
research institutes of VTT, performing a wide range of research, can in many areas share
equipment investment costs with other applications and maintain a larger expert cadre. Also,
the structure of VTT makes it easy to exploit opportunities for applying advances in nuclear
energy technology to other areas. Past examples of this having national significance include
simulation technologies, reliability engineering, fracture mechanics, and non-destructive
testing. Currently, there are also opportunities to apply technologies gained through VTT's
non-nuclear research activities to the nuclear arena. Examples include digital automation
systems and computational fluid dynamics for applications such as in multidimensional flow
and fire simulation.

4 SAFETY ABOVE ALL

Considering the overall volume of nuclear energy activities in the country, the Finnish nuclear
regulatory organisation is quite strong. The competent regulatory body is the Finnish Centre
for Radiation and Nuclear Safety (STUK). The nuclear safety department within STUK
employs some sixty experts in nuclear science, nuclear engineering, and waste management. In
other departments, there are experts responsible for emergency preparedness, environmental
monitoring, and radiation protection. From the beginning of the nuclear power industry in
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Finland there was a specific need for a strong regulatory body. The first nuclear power plant,
Loviisa, has Soviet-designed reactors. The Soviet plant design had to be extensively modified
to satisfy the safety criteria applied in Western countries. Vuorinen & Laaksonen (1996)
describe in detail recent experiences in preserving nuclear regulatory capabilities in Finland.

STUK actively encourages safety improvements to Finland's nuclear power plants. The STUK
philosophy is embodied in a principle referred to as SAHARA, Safety as High as Reasonably
Achievable. Safety and performance improvement projects at Finnish plants have offered
challenging tasks for both utilities and regulators and have served to preserve technical
expertise on both sides.

STUK maintains a comprehensive set of written national regulatory guides referred to as the
YVL guides. The 66 guides now available provide both technical requirements and
administrative guidance. Recently, Finland has also revised its higher level nuclear energy
legislation.

To systematically oversee nuclear power plant safety, STUK applies latest probabilistic safety
analysis (PSA) techniques, including Living PSA. Also, it is beginning to be a standard practice
in Finland to renew the licences of nuclear power plants at ten year intervals. This process
includes comprehensive updating of safety assessments.

In recent years, STUK has increasingly provided regulatory and technical support for the
countries of Eastern Europe. This provides new challenges, gives new insights into the
importance of various issues, and supports preservation of a larger staff and expertise base
within STUK.

5 CONTINUOUS IMPROVEMENT

So far Finnish nuclear power plants have run well. On the average, they have now been in
operation for 16 years. Continual renovation and the efforts of trained and experienced
personnel have kept the plants in good condition.

Cost-effective, safe, and environmentally sound energy production for many years into the
future is clearly the main target for Finland's nuclear power companies. To achieve the goal,
the Finnish base of technical expertise in nuclear energy technologies must remain healthy.
Younger scientists, engineers, and technicians must be systematically recruited, trained, and
brought into the system. This not only results in transferring expertise from the current
generation of experts to the next, but also serves to motivate those currently working in the
industry.

Both of Finland's nuclear power plants are undergoing extensive renovation. The main goals
for the modernisation programmes are as follows:
- Review and, to the extent feasible, improve safety features to reflect current requirements in

the spirit of the SAHARA principle
- Further improve electricity production capacity and efficiency
- Identify the factors limiting plant lifetime and eliminate them to the extent possible
- Strengthen the expertise and productivity of company personnel.
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Current modernisation programmes are coupled with the licence renewal. The operating
licences for the plants will expire at the end of 1998.

The guiding principle for the modernisation is to exploit new technical developments and
operational experiences using a cost-benefit approach. Company's own personnel are taking
part in the work as much as possible. To minimise losses in electricity production, plant
modifications requiring shutdown are implemented during scheduled outages for refuelling and
maintenance.

6 SITUATION TODAY

The whole energy market looks very different today than it did when nuclear power first came
to Finland. Today, all the Nordic countries, and possibly soon the whole European Union (EU)
area, will form a single energy market. Trading electricity freely within the EU will remain
limited for some time for several reasons, such as varying taxation laws. Also, the cost of
transporting electricity over long distances will remain a barrier.

Power companies are restructuring in Finland as well as in most other countries. There have
been acquisitions and mergers, and there will be more to come. The companies are growing in
size and becoming more vertically integrated - power production and distribution are
increasingly being handled by same companies. This particular trend favours growth in nuclear
power production: It is easier for big enterprises to make the large investments needed.
Unfortunately, there are other problematic trends.

Building a new nuclear power plant involves an increasingly complicated legal process. A
recent addition is the environmental impact assessment law. This new law increases the legal
burden for licensing all types of power plants. In fact, it increases the burden for non-nuclear
plants relatively more than for nuclear plants. Nonetheless, today it would be nearly impossible
to build a nuclear power plant at a new site.

Gas and coal power are now very competitive. The problem with those technologies is the
growing awareness of the environmental problems associated with greenhouse gases. Despite
major development efforts, the economics of renewable resources for energy production,
except hydropower, remain poor in today's business environment.

Today many power companies are becoming privatised. As investor ownership increases, the
short and medium term profitability becomes more important.

Public opinion has today a strong influence on decision making for energy production.
Although public support for nuclear energy in Finland has now returned to levels seen before
the Chernobyl accident in 1986, Figure 1, this has not been enough to make many politicians
pro-nuclear. The burdensome legal process that accompanies new nuclear power plant projects
and lessons learned in the past discourage industry from new initiatives without the clear
possibility of a positive result.

These obstacles combine to make building new nuclear power capacity very difficult in the near
future. On the other hand, renovations and extending the lifetimes of existing nuclear power
plants arc becoming increasingly profitable choices.
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