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1. Introduction: some historical facts

To understand the way how the Swedish energy situation and in particular the nuclear
energy sector has reached its present status, it is worth taking a short historical perspective.
As is known and will be described in more detail, the two main sources of electricity
generation in Sweden are hydro power and nuclear power, in a roughly equal share. The
build-up of hydroelectric power was completed first, and the nuclear capacity was built up
afterwards. The building of hydroelectric stations started in larger scale in the 1930's, and
the main surge of work was completed during the 1950s and 60's. Nuclear power, whose
build-up started in an industrial scale in the 1970's, was considered as an energy alternative
already immediately after WW II. In the 1950's and 60's a broad national program was
created for research in and development of nuclear science and technology. This has lead to
the creation of a very strong nuclear industry in two ways: Sweden has the highest value for
nuclearly generated kWhrs per capita in the world, and it is the smallest country (by
inhabitants) which has a capacity of building nuclear reactors.

The fact that nuclear energy was taken as an option, and indeed became one of the main
energy sources, had a few different reasons. Firstly, there has been traditionally a strong
interest in research in nuclear physics in Sweden. The first, relatively small cyclotron was
built already in 1938 at the Nobel Institute in Stockholm, capable of accelerating deuterons
to 7 MeV. After the Second World War, more ambitious plans emerged. The Nobel
Chemistry Laureate The (Theodor) Svedberg (with whom the late Yoshio Nishina had
scientific contact) was one of the driving forces to build a more powerful cyclotron for the
production of radionuclides. An interesting circumstance is that the funding for the
cyclotron came as a donation from the Goteborg textile magnate Gustaf Werner, who was
the richest person in Sweden at that time. His company offered to finance a cyclotron, in
the hope that the quality of synthetic fibres can be improved by neutron irradiation, as he
was told by The Svedberg.

This interest in nuclear science got a substantial amplification by the international
enthusiasm on the perspectives of peaceful applications of nuclear power as a new and very
effective, cheap and clean source of energy. One has envisaged a strong increase in energy
demand in the post-war industrial boom, and nuclear power seemed to be a very strong
candidate. Since Sweden does not have natural resources of fossil fuels in any appreciable
extent, nuclear seemed to be a good alternative for an energy policy that did not make the
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country dependent on foreign suppliers. Being self-supporting, and hence not being
dependent on different alliances, was an important feeling in post-war Sweden, which more
or less managed to conduct a neutrality policy for a long period. Also, there are rather large
resources of uranium in the Swedish soil, and according to the original plans these would
be used in Swedish reactors. Later it turned out that it was easier and simpler to buy
enriched uranium from abroad, and Swedish uranium was never used for energy production.

Already in the years after WW II an "Atomic Committee" was initiated by the government
for the exploration of the potentials of nuclear science and technology, with specific
governmental funding. The non-alliance policy also had the effect that Sweden was in a
relatively comfortable situation to share information on nuclear technology with other
countries, or to get hold of nuclear technology and materials. The first Swedish research
reactor, Rl, was built with Norwegian heavy water and French uranium, and it was started
up nearly exactly 50 years ago (in July 1954). During the 1970's and 80's, Sweden has
completed the world's most intensive nuclear energy program: 12 reactor units were built in
a country of (then) 8 million inhabitants. 9 out of these reactors were built by the Swedish
company ASEA-Atom.

One can also wonder how a country with the size of Sweden could afford developing a
reactor manufacturing industry. Construction of a nuclear reactor is a very resource-
demanding industry, both in terms of expertise and advanced technology. However, nuclear
technology is not the only case where such a question could be put. In the history of
modern industrial Sweden, a few strong, centralized industries played the major role.
Sweden has, for instance, two car manufacturers, Volvo and SAAB, which is also unusual
for a country of Sweden's size.

Developing a nuclear industry to such an extent required of course highly qualified
technical personnel. Some of them made a significant international career. The devotion of
Sweden to the nuclear line (and partly its position as a non-allied country) is also
underlined by the fact that two of the General Secretaries of the IAEA were Swedes: Sigvar
Eklund and Hans Blix.

One can summarize by saying that the interplay of many beneficial circumstances put
Sweden into the nuclear track with the goal of peaceful utilization of nuclear energy and
technology at a very early stage of nuclear development in Europe.

2. The immediate past and the present energy mix in Sweden

Sweden has, per inhabitant, the fourth largest energy consumption in the world, after
Norway, Canada and Iceland. This is a consequence of an energy (and electricity)
demanding industry, and a cold climate. Since the share of nuclear electricity generation is
high in Sweden, around 45%, whereas two of the other three countries, Norway and Iceland,
do not have nuclear power, and in Canada nuclear stands only for about 10% of all
electricity generation, these facts together put Sweden into the position of largest nuclear
energy producer per inhabitant. There are several countries with a percentage of nuclear
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electricity that is higher than that of Sweden, such as France with about 75%, but the
consumption of electricity per capita is much less in those countries.

Some statistics are shown in the two tables below. Table I shows the production in absolute
terms (GWh per year), whereas Table II and Fig. 1. show the relative contributions of the
domestic energy types (imports not included) for the past few years. The values naturally
fluctuate from year to year, but there is a larger jump between 1999 and 2000 which will be
explained soon.

Table I. Electricity consumption in Sweden 1998-2001

GWh
Hydro power
Nuclear power
Fossil
Import

1998
73,829
70,500
9,915
6,102

1999
70,862
70,200
9,350
8,456

2000
77,848
54,772
8,797

18,308

2001
78,558
69,211

9,489
11,135

Table II. Relative contribution of the various energy types

Hydro power
Nuclear power
Fossil

1998
48%
46%

6%

1999
47%
47%

6%

2000
55%
39%
6%

2001
50%
44%

6%

• Hydro power

• Nuclear power

• Fossil

1998 1999 2000 2001

Figure 1. Relative share of the electricity production forms

Fig. 2. shows the geographic position of the reactors, as well as other nuclear facilities in
Sweden. These latter include a nuclear fuel factory of Westinghouse Atom (formerly ABB
Atom), two research reactors at the Studsvik site, the central interim storage facility for
spent fuel at Oskarshamn, and the final repository for radioactive waste (medium and low
level) at Forsmark. The site of the first power reactor at Agesta, Stockholm, which
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produced a total of 50 MW for partly central heating and partly electricity generation, and
which was decommissioned in 1972, is not shown. The first large power reactor went on
the grid in 1972, and the last two in 1985. Barseback 1 was closed down in 1999. This has
its roots in the public opinion and the political situation in Sweden as described below.

Nuclear Facilities In jSweden

ioilngWjflHReiidw- 'j

Prwsutizsd Wrtsr ftssstar

r*r<T.

0 J' Jh l'iK'?*";*1 l*Jila'-

Figure 2. An overview of the nuclear facilities in Sweden

3. Nuclear power as a political issue in Sweden

Even before more than half of the 12 reactors totally installed were completed, the nuclear
debate was started in Sweden. This in itself was not unique, similar trends could be
observed in many other industrialized countries using nuclear power. The special with the
Swedish case was that nuclear power has become not only a public, but to a much larger
extent also a political issue. The position of the parties for or against nuclear power became
an important and decisive question in elections, and it led to fall of governments twice in
the pre-1980 period. After the Three Mile Island accident in the US in 1979, this situation
and the increasing opposition resulted in a national vote (referendum) in March 1980 on the
future use of nuclear power in Sweden. The referendum was unique in the sense that there
was no option available for the continued use, not to mention extension of nuclear power.
All alternatives available aimed at phasing out nuclear power, the only difference being in
how fast this should happen.
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The outcome of the referendum was that no more than the already planned 12 reactors
should be built. At that time 6 units were already in operation, and another 6 being build or
just about to be started up. Further, according to the vote, nuclear power must be phased out
on the long run and replaced by renewable energy sources. The existing reactors can be
used as long as they are safe and economical. The phasing out has to be achieved in such a
way that the welfare and employment levels must be maintained. The referendum did not
specify any date for the phasing out of nuclear power, i.e. when the above goals with the
availability of alternative energy sources can be secured. The government set 2010 as the
deadline after the referendum in 1981. There were several, and partly contradictory reasons
for setting this date, but one strong belief, emphasized by the opponents of nuclear power,
was that clean, cheap, and abundant/renewable energy will be available to replace nuclear
by that time. Interestingly, fusion power was claimed to be one of the main candidates.

The aftermaths of this referendum have been influencing the Swedish energy politics since
then. Although after 1980, the intensity of the public debate and the political significance of
the question have reduced, the Chernobyl accident has put back the nuclear debate in the
political scene. The reaction from the public was strong, but, remarkably, quite short. The
ratio in the public opinion between opponents/proponents leveled out already the year after.
The political consequences were much longer lasting and significant. One consequence of
the accident was a decision on the accelerated phase-out, proposed by the reigning Social
Democrat Party and accepted in Parliament in 1988. According to this plan the first two
reactor units should be closed down already in 1995-96. This proposition, designated as
"non-withdrawable", was withdrawn already at the next election.

A more peculiar post-Chernobyl decision, actually very little known outside Sweden, was
the so-called "Brain-wash paragraph" or "ban on free thought", i.e. §6 in the Law on
Nuclear Technology, Law 1987:3. This item in the Law declares that any activity, whose
expressed purpose is to lead to the construction of a new reactor unit in Sweden, including
economical calculation, is criminal and violation of it leads to prosecution at a low court.
Although the law does not explicitly forbid studying new technologies and performing
research on new reactor as long as the purpose is not related to building a new reactor in
Sweden, such a law has obviously significant negative consequences on the governmental
funding of research in nuclear engineering, and the attractiveness of the field to young
bright students.

A long and complicated period followed during the 1990's. In 1991 a so-called New
Energy Policy was launched by government and accepted in Parliament. The main purpose
was the strengthening the research efforts on alternative energy sources. Changes of
government and an official canceling of the accelerated phase-out followed. From the view
of public opinion, the majority has been permanently in favour of continued use of nuclear
power, with about 20% of the population being in favour of building new reactors (which,
of course, is in conflict with Swedish legislation due to the §6 mentioned above). Mainly
due to the recognition of the fact that no significant step towards a "natural phase-out" was
taken (i.e. aging of the reactors, obvious abundance of alternative energy forms as predicted
and requested in the 1980 national vote, or a strong opposition in the public opinion), the
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Parliament made a decision in 1997 that nuclear power can be phased out without the
fulfilling of the conditions of the referendum. This is the Law on Nuclear Phasing Out,
which means that the nuclear plants can be closed down based on solely political arguments,
even if they are safe, economical, and no alternative energy forms are available.
Shortly thereafter, a Parliament decision was taken, by the help of the new law, on the
closing down of Barseback 1 by the end of June 1998. The closing down was postponed
due to an appeal of the utility Sydkraft which runs the reactor to the High Court, but finally
the reactor was closed down on 30 November 1999. One reason for selecting the Barseback
reactor to be closed down (in comparison with other reactors) was the permanent pressure
from the Danish politicians, who pointed out the geographical closeness of Barseback to
Copenhagen. (No such protests were raised when the site was selected for the construction,
in consultation with Denmark).

As is seen in Table 1, the energy imports increased immediately thereafter. Part of the
decreased energy production is covered by imported Danish electricity from coal-fired
power plants.

The Parliament commissioned the Government to close down also the second unit at the
Barseback site. However, this was connected to certain conditions, namely that the energy
produced or purchased to replace the fallout of Barseback 2 should be produced in an
environmentally-friendly way, such that the emission of greenhouse gases should not
increase. Those conditions have not been fulfilled yet, so Barseback 2 is in operation, and
there is no designated date for its closing down. The negotiations around this question are
actually being made in a wider setting, which will be described soon.

Concurrent with the closing down of Barseback 1, the Parliament also cancelled the date
2010 for the complete phase-out of nuclear power. This has lead to a new and significant
opening in the energy policy which, together with several important concurrent
international events, altered the energy scene, as will be described below.

4. The recent situation and future prospects

The immediate consequence of the abandoning of the date 2010 was that the first time since
long, the nuclear industry could prepare for a period of operation much longer than the
gradually shrinking space of about one decade or less until 2010. The planned investments
include, among others, also a power upgrade at several of the operating units. Several
power plants have recently applied for power upgrade at the safety authority. All this
developments mean not only investments and hardware upgrades, but also a long-term need
of highly qualified labour for the nuclear industry. As in many other countries, due to
cutting budgets for universities and institutes of technology, the support for nuclear
engineering education was permanently decreasing. Due to the above mentioned §6, very
little funding was available from science councils for research in nuclear engineering.

In this situation the nuclear industry took responsibility for sponsoring both education and
research at the main Swedish universities (The Royal Institute of Technology in Stockholm,
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Chalmers University of Technology, and Uppsala University). The Swedish Centre for
Nuclear Technology (SKC) was founded, whose task is to distribute research and
educational funds for universities, primarily to the above mentioned three establishments
from the nuclear industry and the safety authority (SKI). In 2000, 6-year contracts were
signed between SKC and the local centres at the three largest universities, in the frame of
which partly support was given to certain positions, and partly to PhD projects. The support
for the lecturers and professors was also meant to support undergraduate education.

Approximately at the beginning of the above procedure, significant changes took place in
the international nuclear arena. An energy survey performed in the USA, ordered by the
President in 1997, resulted in the conclusion by the Department of Energy, DoE, that on the
medium long term, nuclear is one of the most important and promising energy sources
because "nuclear reactors have an excellent operating record, and are generating electricity
in a reliable, environmentally safe, and affordable manner without emitting noxious gases
into the atmosphere". Thus DoE started up the so-called Nuclear Energy Research Initiative
(NERI). This means, among others, increased financial support to university research
groups. It has also initiated the "Generation IV Nuclear Energy System Initiative", whose
purpose is to elaborate the next generation types of nuclear power plants, that will excel in
safety, economy, waste management and non-proliferation points of view.

Further aspects came from the plans of the transition to hydrogen as an energy carrier,
instead of oil or petrol. The recent development of fuel cells, running on hydrogen, makes
this option a realistic possibility in the immediate future. Production of hydrogen in
amounts that would supply the whole transport industry (to replace oil products which
hydrogen) requires practically a doubling of the electricity (or corresponding thermal
energy) generation. Many arguments can be said in favour of nuclear energy as the source
of hydrogen, at least in the USA. For instance the most effective way of producing
hydrogen is high temperature catalytic dissociation. High-temperature nuclear reactors are
very suitable for that purpose, and indeed such reactors are being studied and planned,
among others, in the US.

In addition to the recent developments in the US and the countries taking part in the so-
called "Generation IV International Forum", significant changes have occurred also in the
closer neighbourhood of Sweden. In 2002, Finland has decided to build one more, fifth,
reactor unit. The question of building a fifth plant has been discussed during nearly two
decades now, but before 2002 it has never passed Parliament and/or government. The
AREVA and Siemens consortium has been awarded by TVO, the utility, a contract to build
an EPR (European pressurized water reactor) nuclear power plant, and the preparations for
the construction have been started. In addition, Finland was the first Nordic country to
decide on the site of an underground spent-fuel repository. Both decisions were passed in
Parliament, and hence are approved through a democratic process.

These developments on the international scene have naturally affected the Swedish
situation. The technical developments in nuclear technology, the increasing consciousness
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about the greenhouse effect, but also the increased global threat since 11 September 2001,
lead to a re-evaluation of the views, opinions and long term policies.

From the public point of view, since the beginning of the 1990's, the public opinion has
been constantly in favour of continued use of nuclear power, in which the consciousness of
the greenhouse problem and development of nuclear technology and safety has played a
major role. A large majority of the population is in favour of continued use of nuclear
energy in the near future; a clear majority exists for the long-term use of nuclear power, and
about 20% of the population is in favour of building more nuclear reactors.

This fact is nevertheless not reflected in the policy of the reigning Social Democrat party,
whose standpoint is still a rhetoric repetition of the results of the national vote, taken
approximately 25 years ago. The only exception on the political scene is the Liberal Party,
which recently announced its support for building new nuclear power plants in Sweden.

Due to the changed international situation, both the technical developments and the
renewed interest in nuclear power in the US, the longer than planned (i.e. beyond 2010)
operation of the Swedish plants, as well as due to the increased global hot from terrorism,
the Ministry of Environment has designated an inquiry by an independent expert group into
the safety of the Swedish nuclear installations assuming a long-term operation. The inquiry
found that the safety is satisfactory despite the increased threat situation. On the other hand,
the first time since its creation, the suitability and feasibility of the formerly mentioned §6
in the Law on Nuclear Technology was severely questioned by a government-appointed
group. I was explicitly recommended by the final report of the inquiry that this paragraph
be abolished.

To achieve a consolidated energy policy situation with the long-term operation of nuclear
plants in Sweden, the Government has appointed a special negotiator, Bo Bylund, director
of the Road Infrastructure Institute, with the task of elaborating guidelines for the long-term
operation of nuclear plants in Sweden. The ultimate goal of the negotiations is the phasing
out nuclear power but without any negative effect on economy and environment. The idea
was to find an agreement between industry and government which regulates the conditions
of long-term phasing out by having in mind the "German model". These negotiations are
currently on-going. Several earlier deadlines for the achieving of the agreement have
already passed. The question of whether Barseback-2 should be closed down, and in that
case when, was also included into these negotiations. It turned out that to reach an
agreement which is appealing to both sides is not an easy task. The replacement of the
extensive nuclear production with a better alternative has just turned out to be more
complicated than it had appeared.

One can summarize by saying that the future of nuclear power in Sweden, just as in the
previous decades, is not predictable in detail. It is however rather likely that nuclear power
remains a significant contributor of electricity production in the coming decades, either at
the same or an increased level, in the frame of a long-term agreement and consensus
between industry and government.
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Epilogue

After the end of the conference, some facts happened that are worth mentioning in
addendum to this paper. The above mentioned negotiations between the government and
the industry on the conditions of a long-term phasing out of nuclear power broke down. On
4 October the appointed negotiator, Bo Bylund, announced a final deadlock in the
negotiations. Shortly thereafter the three-party coalition with the reigning Social Democrats
together with the Left Party and the Centre Party announced that they plan ordering the
closing down the reactor Barseback 2 during 2005. The recent legislation makes the
political forcing of the closing down possible, even if the earlier necessary conditions on
the availability of renewable energy to replace the reactor are not fulfilled. The political
scene is divided on this plan. This can be seen by the fact that even among the members of
and voters to the Social Democrat party, an overwhelming majority are against this plan.
This notwithstanding, on 16 December the Government announced the decision that
Barseback 2 shall be shut down by the end of May 2005.

At the same time the nuclear industry follows up the plans for the power upgrade program.
Most of the 10 reactor units, that will be in operation after the summer of 2005, plan power
upgrades, and several of them have already applied of permission and the safety authority,
the Swedish Nuclear Power Inspectorate. The sum of these power upgrades is actually
significantly higher than the electric power of Barseback 2 (615 MWe). Hence, in the long
run, Sweden's nuclear capacity will increase and gets modernized, despite the closing down
of Barseback 2.
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