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Abstract. The electricity consumption per capita is high in Finland due to the country's industrial structure and to
the climatic conditions. Industry consumes 55% of the electricity in Finland. The demand of electricity is
expected to grow at a rate of 1.5% a year until 2010, and further at a yearly rate of 1% until 2015. This will
require 3800 MW of new generating capacity by 2015. A recent study indicates that in base-load power pro-
duction in Finland the generating costs of a nuclear plant are the lowest in comparison with generation using coal,
natural gas or peat. The difference to coal would be 9%, to gas 18% and to peat 40%. The target for Finland to
reduce greenhouse gas emissions under the EU burden sharing is 0%. In comparison with business as usual
scenarios, however, the reduction need is of the magnitude of 20%, one of the hardest in the EU. Finland already
has taken into use the methods, which now are considered essential within the EU for reducing the CO2 releases.
Teollisuuden Voima Oy (TVO) submitted on 15 November 2000 to the Council of State an application for a
decision in principle concerning the construction of additional nuclear capacity. The submission of the
application is reasoned by the shareholders' need for additional electricity. Furthermore, nuclear power, together
with renewable energy sources, makes it possible to comply with the Kyoto protocol commitments. The actual
investment decision can be made first after a positive decision in principle has been received from the Council of
State and the Parliament. The submission of the application was preceded by a number of studies, the contents of
which are summarised.

1. WHY NEW NUCLEAR POWER IN FINLAND

The electricity consumption per capita is high in Finland due to the country's industrial
structure and to the climatic conditions. Industry consumes 55% of the electricity in Finland.
The high share of industrial consumption maintains a high demand for the base-load power.
The consumption of electricity has been increasing continuously in Finland with short
stagnations during the years after the oil crisis and during the heavy economical depression in
early 1990s. During the last decade the average yearly growth of electricity consumption was
2.2%. The demand of electricity is expected to grow at a rate of 1.5% a year until 2010, and
further at a yearly rate of 1% until 2015. This will require 3800 MW of new generating
capacity by 2015.

In addition to fuel imports, Finland has continuously been a net importer of electricity from
the Nordic and Russian markets. The share of imported electricity was 14.3% in 1999. Finland
is part of the liberalised Nordic electricity market. Electricity supply in the area of Nordic
countries is dominantly based on hydropower. The availability and the price of electricity on
this market are highly dependent on the amount of hydropower. The difference between a
rainy year and a dry year can be as high as 74 TWh, which is almost the yearly electricity
consumption in Finland, and means an uncertainty in the security of the Finnish electricity
supply. Total generation capacity in use in the Nordic market is at the moment abundant, but
demand is estimated to outgrow supply around 2005 under normal water conditions. The
dependence of natural gas, now 10% of primary supply, has been growing and the growth
continues. The only supply of natural gas to Finland comes via a pipeline from Russia.

A recent study by Lappeenranta University of Technology indicates that in baseload power
production in Finland the generating costs of a nuclear plant are the lowest in comparison with
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generation using coal, natural gas or peat. The difference to coal would be 9%, to gas 18% and
to peat 40%. The comparison includes capital, fuel, operating, and waste management costs.
In the financial analysis a real interest rate of 5% per annum and the plant full load utilization
time of 8000 hours per year were used.

The target for Finland to reduce greenhouse gas emissions under the EU burden sharing is 0%.
In comparison with business as usual scenarios, however, the reduction need is of the
magnitude of 20%, one of the hardest in the EU. With the extensive use of combined heat and
power and the large share of the renewable energy sources in the electricity production,
Finland already has taken into use the methods, which now are considered essential within the
EU for reducing the CO2 releases.

The former Government's energy strategy, which was approved by the Parliament in 1997,
puts the first priority on increasing the use of natural gas but also makes clear the necessity for
keeping the nuclear power option open, especially for the case where the supply of gas cannot
be guaranteed. The policy of the ruling Finnish Government also keeps all alternatives open
for the future electricity production putting the priority on methods, which help in limiting the
pollution of the atmosphere. No options that are technically, economically or environmentally
feasible should be excluded.

2. APPLICATION FOR A DECISION IN PRINCIPLE

According to the Nuclear Energy Act, a company considering a nuclear plant project must
apply for a decision in principle from the Government on beforehand. The Government
decides whether the project is in accordance with the overall good of the society. If the
decision is positive, it needs ratification by the Parliament. Before the Government decision,
various interested parties are heard, including the municipality of location and the Radiation
and Nuclear Safety Authority, STUK. The entire process takes 1-2 years. Only after the
ratification of the decision in principle the company can proceed to apply for the construction
permit from the Government.

Teollisuuden Voima Oy (TVO) submitted on 15 November 2000 to the Council of State an
application for a decision in principle concerning the construction of additional nuclear
capacity. The submission of the application is reasoned by the shareholders' need for
additional electricity. Furthermore, nuclear power, together with renewable energy sources,
makes it possible to comply with the Kyoto protocol commitments.

TVO applies for a decision in principle for a nuclear power plant unit, which is either of BWR
or PWR type. The electric output of the unit is, depending on the plant type, 1000-1600 MW.
The plant unit will be located either at the Loviisa or Olkiluoto nuclear power plant site. The
cost estimate for the new unit is FIM 10-15 billion (EUR 1.7-2.5 billion), depending on the
plant size. TVO will finance the project. The actual investment decision can be made first
after a positive decision in principle has been received from the Council of State and the
Parliament.

3. Studies on new nuclear power plant

The submission of the application was preceded by a number of studies. In early 1990s bids
for a new nuclear power plant were asked and received, but the project was rejected by the
Finnish parliament in 1993. New studies were initiated in mid 1990s, and an approach
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developed as a preparation programme was adopted in late 1990s. Studies were made both by
Imatran Voima Oy (presently Fortum Oyj) and TVO. In 1999 it was agreed that TVO would
be responsible for the preparations and implementation of a possible project to build the new
power plant.

When considering building a new nuclear power plant, an indispensable issue is safety.
Besides safety, special attention must be paid to economy in the plant design. The new plant
designs have been simplified and the time needed for construction work has been reduced.
Consequently, the following criteria were set for the suitability studies:

The new NPP unit shall be
economically competitive
safe and licensable
on line in due time with respect to the increasing electricity demand
compatible with the grid;

Possible additional units shall be taken into account in location and implementation;
Infrastructure at the site shall be utilised as much as possible;
Failure risk of the project shall be as low as possible.

These criteria reflect the specific situation in Finland. A new NPP unit would be built at either
of the present sites, Loviisa or Olkiluoto, where even additional units can be located.
Utilisation of the existing infrastructure and the same procedures and facilities that are used
for nuclear waste management of the present plants will reduce the investment and production
costs of the new unit. Only one unit will be considered for the time being, although the
increasing electricity demand shows that the possibility for another unit must be maintained.

4. PREPARATION PROGRAMME

The purchase process of a new nuclear power plant consists of activities that can be grouped
into the following subsequent phases, where the first two phases are related to the preparation
of plant purchase and building:

preparedness phase
decision-in-principle phase
purchase phase
implementation phase.

The preparedness phase started in 1998 with the main goals to increase the readiness to
proceed in the purchase of the next nuclear power plant and to facilitate a prompt start of the
next phase, if so decided. The studies made by TVO were first concentrated in BWRs, but
since the Fortum-TVO agreement in 1999 also PWRs were included.

The preparedness phase consisted of several projects. In the following list the final outcome is
mentioned.

Environmental Impact Assessment (EIA) procedure: EIA reports for Loviisa and
Olkiluoto (see Appendix / ) ;
Site investigations: site reports for Loviisa and Olkiluoto;
General design criteria: general design criteria report;
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Feasibility studies for various plant concepts: ABWR, BWR 90+, EP1000/AP1000,
EPR, SWR 1000, VVER 91/99;
Preliminary project implementation plans: reports on project management, schedules
etc.;
Licensing studies: application for a decision in principle;
Communication and information studies;
Evaluation of investment and electricity production costs;
Preliminary financing plans.

The next phase of the preparation programme, which is related to the decision-in-principle
procedure, has now been commenced with the submission of the application. Several of the
above-mentioned projects contributed to the preparation of the application. E.g., the EIA
reports and the plant descriptions compiled for the feasibility studies are part of the decision-
making material required in this procedure. In addition to the activities that are directly
connected with the licensing process, bid specifications are prepared and contacts kept with
the vendors. In this way, readiness is developed to submit bid invitations as soon as needed
after a positive decision by the Parliament.

5. BASIC DESIGN REQUIREMENTS

The technical studies carried out within the preparation programme covered a wide range of
activities with the main objective to assure that the alternatives considered fulfil the relevant
feasibility criteria.

One of the first steps was to fix the basic design requirements. These will consist of three
principal parts:

general requirements
nuclear island requirements
power generation plant requirements.

The first part will present the most important requirements related to main design
characteristics, safety and licensing, operational targets and site conditions. The hierarchy of
licensing requirements (see Appendix 2) will be one of the issues discussed here. Concerning
site conditions, the requirements specified in the existing safety reports of Loviisa and
Olkiluoto NPPs must be fulfilled. In addition, the information included in the environmental
impact assessment procedures for Loviisa 3 and Olkiluoto 3 must be considered.

The general requirements were compiled in a document, the contents of which are presented
in Appendix 3. The most crucial requirements include the following:

Plant type: BWR or PWR
Plant output: from about 1000 MWe to about 1600 MWe
Site: Loviisa or Olkiluoto
Cooling: sea water
Technical lifetime: 30 years for major components, 60 years for components that are
difficult to replace.

The nuclear island requirements will be specified applying the approach of the EUR document
(Appendix 4). While EUR defines the requirements for a European standard NPP, the
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requirements for a Finnish NPP must be adapted to the local conditions. This implies several
modifications to the EUR text. In addition, the lessons learned during the EUR Volume 3
work must be taken into account. The dialogue that has taken place between the NPP vendors
and utilities during the Volume 3 projects facilitates this. The application of EUR model
means that the contents of nuclear island requirements more or less follow the contents of
EUR Volume 2. So far, no decisions have been made concerning the power generation plant
requirements.

6. FEASIBILITY STUDIES

Another set of technical studies concentrated in the feasibility of the NPP concepts concerning
mainly safety and licensing, basic design requirements, plant location and project
implementation. In this connection discussions were held with the Finnish nuclear regulatory
body, STUK. The following parts were included in the studies:

Comparison against regulatory requirements: most important YVL guides;
Comparison against general technical requirements: "Selected preliminary general
technical requirements for studying the feasibility of a possible new nuclear power plant
unit to Finland";
Deviation report: findings of above steps, proposal for solutions;
Discussions with STUK: minutes of the meetings;
Site investigation: assessment of alternative locations;
Implementation studies: scope limits, construction methods, main schedule, design &
project management system;
Economic studies.

One of the outcomes of the feasibility studies was the general description of plant design that
was prepared for each concept.

7. REDUCTION OF CAPITAL COSTS

The factors affecting NPP capital costs are discussed in the OECD NEA Report "Reduction of
capital costs of nuclear power plants". In the following an approach is made to assess these
factors against the studies made by TVO.

Increased plant size

An electrical output between about 1000 to 1600 MW is in accordance with this
recommendation, hi addition, the smaller sizes belong to concepts with passive or innovative
features, which inherently should have lower specific costs. Upper limit for the plant size is
set by the capabilities of the external grid.

Improved construction methods and reduced construction schedule

In the feasibility studies performed one of the focal issues has been the use of advanced
construction methods, including e.g. modularisation and parallel construction. These methods
contribute to reducing construction schedule. A construction time of 48 months from first
concrete to power operation is required. It is obvious that the time schedule is impacted by the
limitations in the procurement of heavy components, especially the reactor pressure vessel.
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Design improvement

The plant concepts that have been subject to feasibility studies represent next generation
reactors. In their design process, systematic studies on structural and functional design
requirements have been done. Experiences from operating power plants have been taken into
account. These were also considered by TVO when setting the basic design requirements. The
examined plant concepts try to combine the best features of proven technology with some
innovative features, such as the use of passive systems.

Improved procurement, organisation and contractual aspects

These issues have been considered only preliminarily. However, in the continued studies
emphasis is put on a contracting strategy that would optimise using the expertise of all parties.

Standardisation and construction in series

A new NPP unit in Finland will be a single case, and therefore, standardisation and
construction in series is not possible. On the other hand, the application of EUR document
provides means for vendors to design a plant that is suitable for other utilities and sites.

Multiple unit construction

Only the present sites, Loviisa or Olkiluoto, are considered. This is parallel to multiple unit
construction, because the existing infrastructure and the same procedures and facilities that are
used for nuclear waste management of the present plants are utilised.

Regulation and policy measures

Regulation aspects have been taken into account from the very beginning, as is obvious from
the close contacts to the regulatory body. Regarding policy measures, Finnish participation in
the EUR organisation has facilitated mutual cooperation between TVO and other European
utilities as well as NPP vendors.

8. STUDIES ON PRODUCTION COSTS

The operating record of Finland's four nuclear power plant units is good, and the electricity
has been produced at a competitive price. The long-term stability of the electricity price due to
low fuel cost is seen as a vital advantage of the nuclear electricity.

A study performed in the Lappeenranta University of Technology [1] (Attachment A) indicates
that in base-load power production in Finland the generating costs of a nuclear plant are the
lowest in comparison with generation using coal, natural gas or peat. The nuclear electricity
would cost 22.3 EUR/MWh, having the margins of 2 EUR/MWh and 4 EUR/MWh compared
to coal- and gas-based electricity, respectively. The sensitivity analysis reveals that the nuclear
option is rather insensitive to the changes of the input data, whereas the gas alternative
involves a considerable risk as a consequence of increasing gas price. The comparison
includes capital, fuel, operating, and waste management costs. Taking into account the
external environmental costs in the calculation would further favour the nuclear alternative.
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Of the four alternatives under consideration, the nuclear option is the only one, which does not
generate carbon dioxide emissions to the atmosphere. A new 1250 MW nuclear unit with 10
TWh annual production would save 8.3 million tons carbon dioxide emissions annually, if the
reference is the coal-fired condensing power plant. The nuclear choice would make a major
contribution for achieving in 2010 the greenhouse gas emission level in accordance with the
Kyoto protocol.

From the national point of view - both in terms of economy and in terms of the Finnish
compliance with its Kyoto protocol commitments on greenhouse gas emissions reductions -
the nuclear choice is by far the best alternative for new base-load power capacity.

9. ELECTRICITY MARKET

In a report prepared by The Finnish Energy Industries Federation Finergy [2] (Attachment B)
the developments in the supply and demand of electricity in Finland and Nordic countries are
examined up to year 2015.

The consumption of electricity in Finland is estimated to grow from the current almost 80
TWh per year to almost 100 TWh by the year 2015. The consumption prognosis, indicating an
annual growth of 1.3%, has been drawn up on the assumption that economically viable
electricity conservation options have been implemented and that wherever economically
possible, the use of electricity has been intensified. The need for increased production capacity
is some 3800 MW in the next 15 years. Even old abolished coal fired capacity must be
replaced.

Imports of electricity will not solve Finland's long-term electricity needs. Finland needs to
prepare for a situation where even Sweden and Norway have to import an increasing
proportion of their electricity. It is also likely that as the European electricity market opens up,
the flows of electricity will start to run from the north to the south rather than from the south
to the north. The proportion of imported electricity of all electricity consumption in Finland is
already so high that the energy industry cannot recommend increasing the imports further.

Increasing the proportion of fossil fuels in Finnish power generation is not a generally desired
option. On the other hand, the use of new, renewable sources of energy will only solve a part
of Finland's need for additional electricity generation capacity. In Finland and other Nordic
and EU countries, it is difficult to fulfil the obligations stated in the Kyoto Protocol on
climatic issues. The electricity consumption in the Nordic countries will grow from 380
billion kWh in 1999 to some 420 billion kWh by the year 2015. The increase of some 45
billion kWh means the need for additional capacity of 7000 - 8000 MW during the next 15
years in the Nordic countries.

Alongside renewable energy sources, extensive input in research and development must be
made as well as the planning of time-consuming and low-emission technologies and systems
pursued. Despite this, it is difficult to see how this objective could be fulfilled without current
and new nuclear power. Building additional nuclear power in Finland can be seen to be in line
with the official energy policy.
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10. PROJECT FINANCING

The cost estimate for the new unit is FIM 10-15 billion (EUR 1.7-2.5 billion), depending on
the plant size. The estimate includes interests during construction. Based on the preliminary
construction schedule, the financing of the principal investment is scheduled during a period
of about five years.

The project will be financed by TVO. The great majority of the costs would be financed by
loans from financial institutions, special credit institutions and capital markets. In addition,
the possibility of financing from plant supplier would be exploited. New equity from
shareholders would be needed only to limited extent. The financing will be arranged in two
stages, separately for construction phase and operating phase, taking into account the special
features for both phases. The external financing is planned to be paid back in about 30 years.

The loans of TVO are estimated to rise from the present FIM 2 billion to about FIM 12-17
billion. A large share of dept financing is possible for two reasons:

the production costs of nuclear power are predictable and stable and
the users of the electricity will commit themselves to buy the production for the entire
lifetime of the plant.

11. BENCHMARKING: IAEA APPROACH

An IAEA approach is presented in TECDOC-1123 "Strategies for competitive nuclear power
plants". Appendix 5 lists the strategies with related techniques that are given for new plants or
projects that are being considered.
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Appendix 1

ENVIRONMENTAL IMPACT ASSESSMENT OF A
NEW NUCLEAR POWER PLANT

Both Fortum and TVO launched environmental impact assessment (EIA) procedures in order
to assess the environmental impacts of a new nuclear power unit, Loviisa 3 or Olkiluoto 3,
respectively. The results of the environmental impact assessment on building or not building a
new nuclear power unit were presented in an assessment report, where also the project
alternatives were compared on the basis of their environmental impact. The EIA reports of
Loviisa 3 and Olkiluoto 3 were submitted to the coordination authority, Ministry of Trade and
Industry, in August 1999. The hearings required by the relevant legislation took place in
autumn 1999, and the statement of the Ministry was given in February 2000. According to this
statement, the EIA reports fulfil the valid requirements, which implies that the procedure is
completed.

In the environmental impact assessment procedure, the environmental effects of the project
and its alternatives were investigated and assessed. In addition to the EIA procedure, the
building of a nuclear power plant in Finland requires the Council of State's decision in
principle that has to be approved by the parliament and decisions on granting a permit in
accordance with several acts, for example, the construction and operating licences conforming
to the Nuclear Energy Act. The environmental impact assessment report that was compiled in
the second stage of the EIA procedure is part of the decision-making material required in this
procedure.

The purpose of the EIA procedure is to increase opportunities of the population to acquire
information on the project and to affect it at such a stage when no binding decisions on the
project have been taken. In the EIA procedure, background information, statements and
opinions of the population are gathered for a decision in principle by the Council of State. The
EIA procedure does not replace other studies or licences necessary for implementation of the
project.

Three sets of project alternatives were assessed both at Loviisa and Olkiluoto:

"Main alternative" was the building of a new nuclear power unit: Either a PWR or BWR
plant as well as several alternatives for the location and the cooling water intake and
outlet were considered;
"Zero alternative" was the non-implementation of the project: The electricity would
have to be purchased from other producers in Finland or abroad;
Other alternatives allowed the generation of the corresponding amount of electricity by
using coal, natural gas, peat, wood, hydroelectric power, wind power or solar panels.

The environmental effects of the project alternatives were investigated by comparing the
changes they would cause to the present state of the environment, and these included the
impact on

Human health, living conditions and amenity;
Soil, water, air, climate, organisms and interaction between them, and biological
diversity;
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The community structure, buildings, landscape, townscape and cultural heritage;
The utilisation of natural resources.

Most of the effects of a nuclear power plant are local and confined to the plant area and its
vicinity. The effects of emissions of radioactive substances were assessed within a radius of
about 10 km of the plant, whereas in the assessment of accidents, the inspection area was
extended to 100-300 km. The impact of the cooling water was assessed within assessed within
a radius of about 10 km. The social and socio-economic effects were assessed in the
neighbouring municipalities. The environmental impact was investigated throughout the entire
life cycle, from the building of the plant to its decommissioning. In addition, the possible
procurement sources of nuclear fuel and the effects of the final disposal as well as the power
transmission connection to the main grid were subjects of investigation.
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Appendix 2

HIERARCHY OF LICENSING REQUIREMENTS

To assure the safety, licensability and well balanced design of the NPP concept, four different
categories of regulations, marked with A to D according to descending priority in the
following text, have to be taken into account in the design process. Especially in category C,
there is a further internal hierarchy between the different national sets of nuclear safety guides.

A. Finnish legislation on nuclear energy

Supervision of the use of nuclear energy in Finland is mainly based on the

Nuclear Energy Act (March 1,1988)
Nuclear Energy Ordinance (March 1, 1988)
Radiation Act (January 1, 1992)
Radiation Ordinance (January 1, 1992)
Resolution of the Ministry of Social Affairs and Health (Nov. 5, 1968/594)
Resolutions of the Council of State on the Safety of Nuclear Installations (No. 395/91,
396/91 and 397/91).

Compliance with Finnish legislation is mandatory.

B. Basic regulations

The ranking of the basic regulations is as follows:

IAEA Safety Series No. 75-INSAG-3: Basic Safety Principles for Nuclear Power Plants
US NRC General Design Criteria (10CFR50 Appendix A) as interpreted in the US NRC
Standard Review Plan.

These sets of basic safety criteria reflect the common accepted ideas of nuclear safety, without
going too long into technical details. Deviations from these criteria are acceptable only in
exceptional cases. These deviations must be thoroughly documented and discussed with the
national authorities at an early stage of the design process.

C. Sets of nuclear safety guides

Technical guidelines shall be applied in the following order of priority:

YVL guides series 1-8
European Utility Requirements (EUR)
Appendices B, G, H, J and K to 10CFR50
10CFR50.46
Applicable US NRC Regulatory Guides or KTA Guides.

Deviations from YVL guides are possible if the same standard of safety is attained. However,
deviations must be defended with sufficient evidence. They should be kept to a minimum.
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In case a certain matter has not been addressed in the YVL guides, other sets of guides shall
be searched for this matter in the order given above. Hereby, caution is needed to make sure
that the context is taken into account if a technical requirement is picked from a guide with
lower priority. A mixture of loose, detailed requirements from different guides does not
produce a sound and balanced level of safety.

D. Technical guidelines

The YVL guides in series 3 to 8 deal with different technical areas including mechanical
engineering, construction, electrical engineering and I&C. However, the YVL guides are not
detailed enough to provide the only guidance for the technical design of plant systems.
Therefore, they have to be complemented with more specific engineering standards.

The standards to be applied to the design of a nuclear power plant have to be commonly
accepted and widely acknowledged. Examples of such standards are KTA, DIN, ASME
(mechanical engineering) and IEEE/TEC standards (electrical engineering and I&C). For each
item, a consistent set of technical guidelines must be used.
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Appendix 3

LIST OF CONTENTS OF THE DOCUMENT "SELECTED PRELIMINARY
GENERAL TECHNICAL REQUIREMENTS FOR STUDYING THE FEASIBILITY

OF A POSSIBLE NEW NUCLEAR POWER PLANT UNIT TO FINLAND"

1 Introduction

General i

2.1
2.2
2.3
2.4
2.5
2.6
2.7

External

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.13
3.14

design criteria

Plant type
Plant output
Plant site
Plant cooling
Technical lifetime
Radioactive release limits during normal operation
Occupational doses

events and site conditions

Earthquake
Aeroplane crash
Missiles
External explosions
Lightning
EMI (Electromagnetic Interaction)
Airborne effluents
Blockage of the cooling water intakes
Wind loads
Snow and ice
High and low sea water levels
Sea water temperature
Air temperature
Ground water protection

Grid requirements

4.1
4.2
4.3
4.4

Connections to the external grid
Normal grid conditions
Short-term disturbances
Design considerations

Power plant characteristics

5.1
5.2
5.3
5.4
5.5

Normal power control
Power control during disturbances
Daily and weekly load cycling
Special operating cases
Fuel cycle flexibility

Appendices
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Appendix 4

EUROPEAN UTILITY REQUIREMENTS (EUR)

The major European electricity producers have formed an organisation to develop the
European Utility Requirement (EUR) document. The main objective of the EUR organisation
is to produce a common set of utility requirements, endorsed by the European electricity
producers, for the next generation of LWR nuclear power plants. Started with five partners in
1992, the EUR organisation now includes companies from ten countries: Belgium, Finland,
France, Germany, Italy, Netherlands, Spain, Sweden, Switzerland, and United Kingdom.
Russia has been accepted as an associated member since late 1998 with a view to become full
member soon.

The utility requirements are addressed to the designers and suppliers of LWR plants. The aim
of the requirements is to promote the harmonisation of

the safety approaches, targets, criteria and assessment methods,
the design conditions,
design objectives and criteria for the main systems and equipment,
equipment specifications and standards,
information required for assessment of safety, reliability and cost and some of the corre-
sponding criteria,

thus allowing the development of standard designs that can be built and licensed in several
European countries with only minor variations.

Benefits are expected in two fields:

(1) improvement in the licensing of new nuclear power plants and in their public acceptance
by setting common safety targets which are consistent with the best European and
international objectives,
by promoting within Europe common technical responses to safety problems,
by setting "good neighbour" requirements, like low targets for accidents and routine
radioactive releases into the environment, and consideration of decommissioning
aspects at the design stage;

(2) strengthening of nuclear electricity competitiveness
by controlling construction costs and operating costs through standardisation,
simplification and optimisation of maintenance at the design stage,
by establishing stable conditions for competition between the suppliers on the European
Market
by allowing low operation and fuel cycle costs, through flexible and efficient design
features that allow the easy adaptation to future plant operating and fuel management
schemes,
by laying down ambitious (but achievable) availability and lifetime targets.

The EUR document is structured into four volumes. Each volume is divided into chapters that
deal with a specific topic. The chapters are subdivided into sections.
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Volume 1 Main policies and objectives
This volume presents the major objectives of the EUR organisation and the main policies,
which are implemented in the EUR document. It also summarises the most important
requirements developed in Volumes 2 and 4.

Volume 2 Generic nuclear island requirements
This volume contains all the generic requirements and preferences of the EUR utilities for the
nuclear island which are not related to any specific design.

Volume 3 Application of EUR to specific designs
This volume consists of a number of subsets. Each subset is dedicated to a specific design that
is of interest to the participating utilities. It contains a description of the standard nuclear
island, a summary of the analysis of compliance vs. Volumes 1 and 2 and, where needed,
design dependent requirements and preferences of the EUR utilities. It also includes the
information related to that design called for in certain requirements of Volume 2.

Volume 4 Power generation plant requirements
This volume contains the generic requirements related to the power generation plant.

The EUR document is published in successive stages called revisions. The first stage of the
publication, Revision A, was released in March 1994. The second stage, Revision B, took
place in late 1995. The latest version of Volumes 1 and 2, Revision C, is scheduled for
publication in 2001. By the end of 2000, 3 subsets of Volume 3 have been released:

subset 3 A dedicated to BWR 90 (developed by ABB Atom)
subset 3B dedicated to EPR (developed by NPI, Framatome and Siemens)
subset 3C dedicated to EP 1000 (developed by Westinghouse and Ansaldo).

Two other subsets are being produced that are dedicated to ABWR (by General Electric) and
SWR 1000 (by Siemens). Additional subsets of Volume 3 will be produced by mutual
agreement.
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Table of contents of the EUR document

Volume 1: Main policies and objectives
1.1
1.2
1.3
1.4
1.5
1.6
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2.18
2.19
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Safety requirements
Performance requirements
Grid requirements
Design basis
Codes and standards
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Design process and documentation
Constructability
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Decommissioning
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Appendix 5

IAEA-TECDOC-1123
"STRATEGIES FOR COMPETITIVE NUCLEAR POWER PLANTS"

The following strategies with related techniques are given for new plants or projects that are
being considered:

1 Make efficient design choices

1.1 Make the most profitable choice among fuels and technologies that is possible
1.2 Recognise that plant design can affect profitability under different market conditions

2 Secure all economic risks and liabilities efficiently

2.1 Allocate the risks of plant construction and operation efficiently, and reward the party
that is accepting risk

2.2 Specify the allocation of plant completion risks, including allocation of and terms for
risks due to policy change

2.3 Establish liability for political and policy based risks during operations
2.4 Allocate safety risks among operations and plant design areas, establish patterns of

liability for safety risks
2.5 Potential domestic and foreign liabilities from plant operations and failures must be

specified and allocated among plant managers, governments, and appropriate agencies
2.6 Responsibilities and funding for waste fuel management, retired plant disposal, and

other perceived open-ended liabilities after plant closure must be clearly allocated

3 Focus on profitability

3.1 Meet financial criteria for net returns and for risks in order to assure the availability of
funding

3.2 Design construction plans to minimize the net financial effects of interest during
construction and delay

3.3 Design the plant to reduce the net costs of down time from operational failures
3.4 Reduce capital costs

4 Know and serve your markets

4.1 Design the plant to meet the capabilities and interests of the electricity grid and potential
market structures

4.2 Identify and develop market niches for the power plant
4.3 Consider revenue sources other than power generation (cogeneration, desalination, etc.)
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Attachment A

R. TARJANNE, S. RISSANEN, LAPPEENRANTA UNIVERSITY OF TECHNOLOGY
"NUCLEAR POWER LEAST-COST OPTION FOR BASE-LOAD

ELECTRICITY IN FINLAND"

The following conclusions are included in the report presented in the Uranium Institute
Annual Symposium in September 2000.

The possible options for new base-load power generation in Finland studied were as follows:

nuclear power plant,
combined cycle gas turbine plant,
coal-fired condensing power plant and
peat-fired condensing power plant.

The existing 560 MW Meri-Pori power plant with pulverised coal combustion has been used
as the reference unit for the coal-fired power plant. The peat-fired unit is based on fluidised
bed combustion. The performance and cost data of the combined cycle gas turbine plant is
based on new efficient concepts now available internationally.

The sizing of the gas- and coal-fired units has been selected so large that the scale benefit can
be utilised as far as possible. The coal plant would be located on the seacoast. The size of the
peat plant is restricted to 150 MW, because the transport distance of peat fuel is growing too
long for bigger unit sizes.

The sizing of the nuclear alternative is selected in the middle of the range of the reactors under
consideration. The investment and operation costs of the nuclear unit are based on the fact that
it would be built on an existing nuclear site. The construction time of the nuclear power plant
is supposed to be five years. All the expenses of nuclear waste treatment (including spent fuel)
and decommissioning of the plant are included in the variable operation and maintenance
costs through the annual payments to the nuclear waste fund.

The annuity method has been applied for calculating the electricity generation costs of the four
alternatives. A real interest rate of 5 per cent per annum and the fixed price level of February
2000 have been used. Based on these assumptions, the nuclear power plant has the lowest
electricity generation cost, when the utilization time exceeds 6100 hours corresponding to a
capacity factor of 70 per cent.

The electricity generation costs of the four alternatives with the annual full-load utilization
time of 8000 hours (corresponding to a capacity factor of 91 per cent) are as follows:

nuclear electricity: 22.3 EUR/MWh
coal based electricity 24.4 EUR/MWh
gas based electricity 26.3 EUR/MWh
peat based electricity: 31.3EUR/MWh.
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The capital cost component is dominating in the nuclear generation cost, whereas the nuclear
fuel cost remains quite low. For the other alternatives under consideration, the fuel cost
component is highly dominating.

The sensitivity analysis reveals that the advantage of the nuclear option is quite insensitive for
the changes of the input parameters. E.g. the growth of the uranium price causes only a slight
increase in the nuclear electricity cost, whereas for the natural gas alternative the rising trend
of gas price causes a major risk. Furthermore, the availability of natural gas in Finland for a
new big base load unit is not guaranteed in the near future.

Based on the financial comparison the nuclear alternative is the least-cost option for new base-
load capacity in Finland. The nuclear electricity would cost 22.3 EUR/MWh, having the
margins of 2 EUR/MWh and 4 EUR/MWh compared to coal- and gas-based electricity,
respectively. The sensitivity analysis reveals that the nuclear option is rather insensitive to the
changes of the input data, whereas the gas alternative involves a considerable risk as a
consequence of increasing gas price.

Of the four alternatives under consideration, the nuclear option is the only one, which does not
generate any carbon dioxide emissions to the atmosphere. A new 1250 MW nuclear unit with
10 TWh annual production would save 8.3 million tons carbon dioxide emissions annually, if
the reference is the coal-fired condensing power plant. Compared to the combined cycle gas
turbine plant, the new nuclear unit would save 3.7 million tons carbon dioxide emissions,
respectively. The nuclear choice would make a major contribution for achieving in 2010 the
greenhouse gas emission level in accordance with the Kyoto protocol.

From the national point of view - both in terms of economy and in terms of the Finnish com-
pliance with its Kyoto protocol commitments on greenhouse gas emissions reductions - the
nuclear choice is by far the best alternative for new base-load power capacity.
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Attachment 8

FINERGY REPORT "ELECTRICITY MARKET 2015"

The Finnish Energy Industries Federation Finergy prepared a report in 2000 where the
developments in the use and procurement of electricity in Finland and Nordic countries are
examined up to year 2015. The following is an extract of the conclusions.

The programme of the Finnish Government outlines the country's economic policy so that
Finland has to provide an internationally competitive operating environment for capital and
corporate operations. Finland's energy policy focuses on energy economy as a whole, on the
various energy sources and forms and on their mutual proportions. The specified areas of
action include the promotion of the energy generation structure towards an energy balance
containing a smaller proportion of coal, promotion of the energy market, efficiency and energy
conservation, promotion of domestic energy, ensuring a sufficiently versatile and inexpensive
energy supply capacity, and maintaining supply reliability.

This report examines the opportunities of the Finnish energy industry to respond to the
challenges presented in the programme of the Finnish Government and also to challenges
having a longer perspective. Planning the future of the energy industry is long-term work, and
the decisions made will have an impact extending over decades. We must have our eyes on
the new century and millennium.

The electricity market is developing through the Nordic countries and its adjacent areas
towards other parts of Europe. The Nordic electricity market is already integrated to a
relatively high degree. In the EU countries, the opening up of the electricity market will be a
fact during the time span of this report. In Finland, it is the responsibility of us working in the
energy industry to make sure that as far as energy supply is concerned, our industries and
society can develop further.

The consumption of electricity in Finland is estimated to grow from the current almost 80
TWh per year to almost 100 TWh by the year 2015. The consumption prognosis, indicating an
annual growth of 1.3 per cent, has been drawn up on the assumption that economically viable
electricity conservation options have been implemented and that wherever economically
possible, the use of electricity has been intensified.

The Finnish power plant capacity is in efficient use. The importance of thermal power
capacity is highlighted during years when there is but little water available for hydropower
generation. The electricity generation capacity in the other Nordic countries rests to a great
extent on hydropower and consequently depends on rainfall. Finland will need a lot of new
power generation capacity by 2015. Here, combined heat and power production will also
continue to hold a key role.

Imports of electricity will not solve Finland's long-term electricity needs. Finland needs to
prepare for a situation where even Sweden and Norway have to import an increasing
proportion of their electricity. It is also likely that as the European electricity market opens up,
the flows of electricity will start to run from the north to the south rather than from the south
to the north. Price and environmental issues will be the decisive factors. The proportion of
imported electricity of all electricity consumption in Finland is already so high that the energy
industry cannot recommend increasing the imports further.
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Increasing the proportion of fossil fuels in Finnish power generation is not a generally desired
option. On the other hand, the use of new, renewable sources of energy will only solve a part
of Finland's need for additional electricity generation capacity. However, we need to make
decisions now while at the same time looking far into the future to a time when Finland's
current power plants become outdated. We also need to make sure that we have reserve
capacity in electricity generation in the short term.

In Finland and other Nordic and EU countries, it is difficult to fulfil the obligations stated in
the Kyoto Protocol on climatic issues. In view of the present situation and policies, it can be
reasonably asked whether the EU can meet its objective of reducing greenhouse gas emissions
by 8 per cent. Alongside renewable energy sources, we must make extensive input in research
and development and pursue the planning of time-consuming and low-emission technologies
and systems. Despite this, it is difficult to see how this objective could be fulfilled without
current and new nuclear power.

Relative electricity need in Finland has grown clearly faster than in any other Nordic country
in the 1990s, being at the same level with the growth in Norway even on an absolute scale, hi
Sweden, the need for additional electricity has almost halted to a level of approximately 0.5
per cent annually. In Norway and Denmark, however, this growth rate has been approximately
1.5 per cent a year. The differences in the growth in electricity consumption in particular have
been influenced by the rapid industrial development in Finland, improved standard of living
and the widespread use of electric heating, which, however, is still more common in Norway
and Sweden than in Finland.

Consumption of electricity in the Nordic countries is expected to grow from the
approximately 377 TWh in 1999 to approximately 420 TWh in 2015. The biggest growth is
still anticipated in Finland. Growth in industrial production will make the biggest contribution
to the increase in electricity use in Finland. Industries will account for a higher proportion of
electricity use in Finland than in the other Nordic countries. Similarly, households and the
service sector will display slightly faster growth in electricity consumption than in the other
Nordic countries due to urbanisation, smaller unit size of households and continued increase
in the standard of living.

At the moment, more than half of all electricity generated in the Nordic countries is produced
through hydropower. hi a dry year, hydropower provides 74 TWh less electricity than in a year
with a good water situation; this is almost as much as the entire consumption in Finland. Even
during years with an average water situation, both Norway and Sweden import a lot of
electricity.

Finland's electricity procurement options cannot be built on there being a continuous supply of
inexpensive electricity available on the Nordic market. As the consumption of electricity
increases, it can be expected that the Nordic price level, too, will rise. New investments in
power generation require that the proceeds derived from the open market, varying in line with
the water situation, are sufficient to cover the investments made.

The high proportion of hydropower and good regulation options in the Nordic market area
mean that most of other energy generation - base load - has a long annual usage time. It is
most lucrative to produce this power in power plants where the variable costs are small and
whose production can be sold on the market at a profitable price. In Finland, these options are
combined heat and power production and nuclear power.
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