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Introduction

Nucler energy is one of the mgor sources of energy supply in the world
contributing about one-sixth of tota eectricity generation. However, the future
trend for nuclear energy supply seems to be uncertain, due to public oppostion in
some countries and economic condderations, such as higher capitd codts,
compared to some other power technologies. The prospects for nuclear energy
depend on certain factors such as safety, the demondration of geological disposa
of high levd wades the compsiitiveness of nuclear power plants and public
acceptance. The ongoing debate about reducing greenhouse gases to avoid the
potentil onset of globad warming has led to a better understanding of the
advantages of nuclear power as a technology which does not emit greenhouse
gases.

Energy Stuation in Turkey

Energy has been a priority invesment sector for the Turkish government for some
time and in 1986 receved the second largest dlocation of foreign financing
among public sector investments. Although limited, Turkey has some energy
sources. cod, uranium, lignite, some oil and gas depodts, and consderable
potentid for hydrodectricity. In the year 2000, as shown in Figure 1, 43.8% of
primary energy consumption was met by petroleum, 26.3% by cod, and 17.7% by
natura gas. During the period 1996-2000, the primary energy consumption rate
increased by 4.5% per year and reached 78.8 mtoe by the year 2000. Electricity
demand increased by about 8.2% per year over the same period, and reached
about 128 TWh a the end of this time The inddled capacity for dectricity
generation was about 27 GW by the year 2000. The primary energy consumption
per capita was about 1.2 toe and eectricity consumption per capita was about
1966 kWh by the year 2000. The projections show that eectricity consumption
per capita will increase to about 3867 kWh by the year 2010 (Figure 2). Turkey is
not rich in energy resources and import dependency was about 62% by the year
2000 (Figure 3) and will increase in time as energy consumption incresses. It is
expected tha the annua eectricity demand rate will incresse by about 8-10%
until 2010. Although the annua increase in dectricity demand was about 8.2%
between the periods of 1996-2000, the economic crisis in 2001 led to negative
economic growth, and hence eectricity demand decreased. The projections for

© World Nuclear Association 2002 1



National Energy Outlook of Turkey

electricity consumption reved that about 290 TWh will be consumed by the year
2010 and that the required ingtalled capacity will be around 46 GW. The share of
fuds for inddled dectricity generation capacity for the year 2000 was 41%
(hydro+geotherma+wind), 26% (cod), 26% (gas), 7% (oil). CO, emissons were
about 210 million ton in 2000 and are expected to increase to 390 million ton in
2010 (Figure. 4). CO; emissons per capita are 2.9 tongcapita in Turkey, which is
much less than those of the world and OECD averages, i.e. 3.87 tong/capita and

11 tons/capita, respectively [1].

In spite of the fact that the nuclear energy contribution was planned to be 2000
MWe by the year 2015 (2.3% share of tota generation) and dthough it was the
government’s firm intention to inddl the firs NPP in Akkuyu, the government
hes decided to postpone the Akkuyu NPP project, following a cabinet mesting
held on 25 July 2000. The government’s statement on this decison made it clear
that the reasons were not related to safety issues. Rather, snce Turkey needed to
concentrate on a programme of economic dability amed & reducing inflation
rates to reasonable figures under supervison of the IMF, the government could
not afford the estimated US$3-4 billion needed for the condruction of the
country's fird¢ nuclear power plant. The government aso declared that the
postponement of the Akkuyu NPP project did not mean that Turkey would avoid
the use of nuclear energy in the future. The cabinet’s announcement aso included
reference to the need to contribute to the technologica improvements of the new
generation of nuclear power plants. Findly, the announcement addressed the need
to wait for the new generation nuclear reactors with reduced capita cogt. In short,
the reasons for the postponement of the Akkuyu NPP project can be summarized
asfollows.

The financid burden of externa credits could not be borne in Turkey's current
economic Situation.

It would be better to wait for the new generation nuclear reactor technology
with decreased capital costs.

The Turkish Atomic Energy Authority took three actions upon postponement of
the Akkuyu NPP project:

areview of the National Nuclear Energy Policy;

participation in the Internationd Project of the IAEA on Innovetive Nuclear
Reactors and Fuel Cycles (INPRO);

application to the IAEA for participation in the Technicad Working Group on
Gas Cooled Reactors (TWG-GCR).

Energy policy in Turkey

Turkish energy policy is concentrated mainly on ensuring a supply of reiable,
aufficient, economic and clean energy, on time, and in a way to support the targets
for growth and socid development. Although dmost dl conventiona resources
exis in Turkey, these resources are not sufficient to meet energy demand, except
for lignite and hydro. More than hdf of the energy demand is met through imports
to Turkey. Energy planning dudies show that energy demaend in Turkey will
increase in padld with the country’s devdopment and indudtridization. In order
to meet the demand reliably, Sgnificant increases will be needed both in energy
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production and in supply in coming years. Turkish environmenta policy accepts
that energy policy should take into account environmental problems, and that a
baance should be found between the increases in energy demand required for
economic development and environmental concerns. Some of the main criteria
included in the Seventh Five-Y ear Development Plan are given below.

A dynamic and feasble master plan has been prepared, which accomplishes
the optimum planning of resources in an economic and relisgble way and
minimises  the environmentd problems aisng during the production and
consumption of energy.

It is necessary for Turkey to meet energy demand with nationa resources as
far as possble, and to use new technologies which diminate the adverse
effects of energy production on the environmern.

According to the development plans, 'energy conservation' is one of the basic
principles.

Although a member of OECD, Turkey is not a paty to the United Nations
Framework Convention on Climate Change (UNFCCC). Turkey's current
postion in this regard is that, if the agreement is to be sgned, Turkey would be
classfied as a developed country and included in Annex 1. The convention places
commitments on the developed countries in Annex 1, according to the principle of
‘common, but differentiated respongbilities, and tekes the view that the
commitments should reflect the reaive development levels of the countries. In
this regard, Turkey is ill in the process of rapid indudridization. Thus, the
burden of the commitments imposed on Annex 1 countries is not in conformity
with the socid and economic circumstances and levd of deveopment of the
country.

Energy sector

The 'Electricity Market Law' No0.4628, published in the Officid Gazette dated
3March 2001 was enacted with the am of unbundling dectricity market
activities, of enabling progress towards a liberdised eectricity market and the
providgon of fair and trangparent market regulation.

In summary, the new law includes the following key dements:
an autonomous Energy Market Regulatory Authority, governed by a board;
anew licensing framework for market participants;
an energy market, comprising bilateral contracts between market participants;
an ‘digible consumer'’ concept, with digible consumers free to choose ther
suppliers,
a trangtion mechanism to be implemented over a two-year programme in the
case of eectricity.

In addition, dl over the world, energy sector invesments are gradudly being
undertaken by the private sector and Turkey is dso following this globa trend. It
is important to ensure that this trangtion will be smooth and effective. The
purpose of this law is to ensure the formation of an dectricity market which is
financidly drong, trangparent and operates in accordance with the provisons of
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privale law in a competitive environment, while achieving a dable supply of
adequate, low-cost, and environmentaly-friendly dectricity of good qudity and
ensuring autonomous regulation and supervison of the maket. The man
objective of the law is to create a competitive eectricity market with the great
mgority of the participants in the market being private investors and most of the
assets used to supply eectricity being privatdly owned. The role of the gate will
be gresatly reduced.

Expectations for nuclear reactor technology in future

Since Turkey's future nuclear power programme is to be dependent on nuclear
policy, the Turkish Atomic Energy Authority (TAEA) has recently initiated a
project to revise the nuclear policy of the country. This project includes
goplications in various sectors of nuclear energy, including nuclear power, and
programmes associated with each sector. One of the sectors that is to be
conddered is 'Research and Development, which aso includes innovative desgns
and smdl- and medium-sized reactors (SMRs). Cooperation with international/
national groups on theoreticadl and experimental projects concerning SMRs and
innovative technologies will lead to an increase in daff capabilities and
experience in nudear technology in Turkey. To achieve this god, the TAEA
decided to participate in the 'Internationd Project on Innovative Nuclear Reactor
Technologies and Fud Cycles, which is coordinated by the IAEA, by sending a
cost-free expet to the IAEA headquaters. The TAEA made technica
contributions to the INPRO Project in 2001 and 2002. As dready mentioned, the
TAEA applied to the IAEA for participation in the Technica Working Group on
Gas Cooled Reactors (TWG-GCR) and, in the short term, two aress of
contribution seem feasible for the TAEA within the TWG-GCR:

Cooperation with other licenang authorities in the area of licenang of GCR
type of NPPs. The TAEA is a governmenta organization and has the duties
and responghiliies of licenang, ingoection, regulation, policy making in
nuclear energy and technology, research and development, and training. Since
the TAEA has expeience manly in the licenang of light and heavy water
types of NPP, any kind of cooperation would increase in-house expertise on
licensing and/or the safety review of GCR type of reactors.

Contribution to the safety research activities including code vaidation/
assessment. The TAEA has some expertise on code validation/assessment on
light and heavy water reactor technologies. Thus, the TAEA has the objective
of developing expetise on GCR technology for code validation/assessment
and plans to develop a code infrastructure in collaboration with universties.
Internationd  standard problem exercises could be peformed under the
coordination of the IAEA and/or the OECD/NEA, based on red plant or test
faclity data This might serve for the sharing of current expertise and
knowledge on utilizing computer codes for GCR reactors.

The primary concern of the Turkish Atomic Energy Authority for the nudear
reactor technology includes the following subject aress.

resources, demand and economics,
safety; and
environment.
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Resour ces, demand and economics

As previoudy mentioned, Turkey has some energy resources, including cod,
uranium, lignite, some oil and gas deposts, and condderable potentid for
hydrodlectricity. The known uranium reserves in Turkey are reported as 9129
tons, but this reserve needs further investigation with respect to grade and
feaghbility. The same holds true for thorium reserves, as fertile materid, which is
reported as 380 000 tons. It is to be noted that Turkey should have a long-term
policy for usng its own natural resources for generating nuclear energy. However,
today the cogt of uranium favours the utilization of imported uranium fud for
short- and medium-term nuclear fud supply. The cost of uranium is about US$23
per kg and there is a world reserve of about 1.2 million tons recoverable at less
than US$40 per kg of uranium. The tota reserve that is recoverable a less than
US$ 80 per kg of uranium is about 25 million tons. Assuming world wide annua
consumption of uranium between 60 000 and 80 000 tons, supply requirements
over 40 years can be met by primary production from reserves recoverable at less
than US$30 per kg uranium. Moreover, given the rdatively low impact of the cost
of uranium on enegy geneding cost of nucler power plants it can be
considered that the total reserves — whatever the cost of production — is enough for
a period of more than 100 years. The totd uranium reserve, including probable
reserves, which are recoverable at less than US$130 per kg of uranium is
esimated to be about 15 million tons, which means that this tota reserve is
enough for about 250 years at the current consumption rate [2]. It is wel known
that, even if the cost of nucler fud doubled from today’s cod, dectricity
generation costs would increase by 10%, i.e. much less than those of other types
of power plants. For example, in gasfired plants generation costs are very
sendtive to variatons in fud cos, and doubling the fud cost could incresse
generation costs by about 100%.

The energy Stuation of Turkey is summarized in the first part of this paper. The
projections of the Ministry of Energy and Naturd Resources reved the fact that
our indaled capacity and generated energy will increase fast in the coming 20
years. The required indalled capacity in the year 2010 is estimated to be 59 GW
with 287 TWh energy demand and these figures will increase to 116 GW and
567 TWh by the year 2020. The additiond ingtadled capacity breskdown for the
next 20 years reveds that gasfired power dations will dominate other types of
technology, such as cod, hydro and nuclear. Gas used for eectricity generation
and hedting is imported from various countries. Although the mogt important
potentid risks for gas imports for generating electricity are tability of gas prices
and politicad conflicts, lower dectricity generation costs and shorter construction
periods favour the utilization of this fud for dectricity generation, as in other
OECD countries. The capitd cost of gasfired plants is about US$400-600/kW;
however the cogt is about US$2000-3500/kW for current nuclear power plants [3].
It is clear that two factors must be considered for nuclear reactor designs to be
able to compete with combined cycle gas Sations.

capital and generation costs
congtruction period.

If the capital cost were around US$I000/kW or less, then the financid burden
would be much less than current nuclear technologies, and this would ease the
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launching of nuclear power programmes, especidly in developing countries. As
previoudy explained, the main reason for postponing Akkuyu NPP project was
the financid burden arisng from the externd credit needed for the project. The
innovative nuclear reactor technologies should focus on decreasing capitd cog,
without compromisng safety. In Turkey, after the Electricity Maket Law, the
private sector will lead in new invesments coupled with the privetization of
eectricity generation plants. The range of capitd cost per kW will play an
important role in the sdection of technology in the future, and reductions in the
capitd costs of nuclear power plants would favour invesment in nucear energy
by private investors. Another option for private investors in Turkey would be the
use of andl-szed nuclear generation dations. At this point, the distributed power
concept could be consdered. The congruction period, on the other hand, is
important in developing countries, including Turkey, dSnce energy demand
increases a higher rates (8-10% per year) and delays in congtruction periods can
sometimes lead to undesired overcapacity. In developing countries, however, the
planning of new capacities is very dynamic and can change in the short term. The
eectricity generation cost of a nuclear power plant should be less than
4 centgkWh if it isto compete with combined cycle gas power plants[4].

Safety

Improvement in the safety of nuclear reactors is a continuing process, in line with
technological improvements and lessons learned from various developments.
Indeed, the accidents at the Three Mile Idand and Chernobyl nuclear power plants
have led to a momentum for improving safety technology and even sdfety
philosophy. We learned from both accidents that the defence in depth concept is
important for safety, and that risk perception can be easly changed after one
serious disaster a even one of the 438 commercid reactors in operation with their
9000 reactor-years operating experience. The following items summarize the
factorsto be considered for innovative reactor technologies[4].

Inherent safety philosophy should be applied to the desgn of innovative
reactor technologies dong with the requirement that each sequence of events
leading to an accident condition should be properly evauated.

If core meltdown is not avoidable, then the core melt frequency should be 10°
or less.

The reactor should have a odf-protection system agangt insetion of
maximum possible reectivity.

The licenghility of nuclear power plants is potentidly very important for
developing countries, due to their lack of sufficient experience in this area. In
these circumgtances, a licensed reference plant could be a solution for
innovative desgns.

NPP developers should pay paticular attention to two man aees the

development of safe and economic designs, and the provison of conditions in
which the public will accept their designs as safe and economic.

The use of passve mechanisms for heat transport and/or safety systems might
be a better solution for smplifying designs, and dso one which decreases the
cost. However, the peformance of these sysems should be demonstrated
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adequately againg accident conditions. The use of passve sysems could aso
improve the availability of those systems upon demand.

Innovations in nuclear reactor technology should shorten the licensing period.
Environment

The postion of TAEA is such that 'environment’ as a subject area plays an
important role in the concept of 'sustainable development'. The share of fossl fued
for energy generation in the world is about 77%, and this figure reaches 90% in
some countries. The Studion is no different in Turkey, and the share of fossl
fuds is as high as 90% in primary energy consumption. Foss| fuels dso dominae
in eectricity generdion, i.e. about 60%. From the greenhouse gas emissons point
of view, Turkey is not that critica, snce, as dated earlier, CO, emissons per
capita are only three-quarters of world average. However, in the year 2020,
current indaled cepacity will be tripled and greenhouse gas emissons will
increese accordingly. Hence, clean technologies like nucler and renewable
sources will be unavoidable in developing countries such as Turkey, if greenhouse
gas emissons are to be dabilized a given leves, as internationa agreements and
protocols (such as the Kyoto Protocol) require. However, high level radioactive
waste seems to be the most important drawback of nuclear technology as far as
public acceptance is consgdered, since no demondration has yet been made for
commercid reactor waste digposd. The podgtion of the TAEA is that the
technology for such geological disposd is available but it has to be demondrated
to the public's satisfaction. There may be two ways of gpproaching this problem:
innovative nuclear reactor designs with levels of high levd wastes which are less
than those produced with current technologies, and accelerator-driven reactor
sysems could be used for the transmutation of long-lived wastes to short-lived
isotopes.
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Figure 1. Primary energy consumption in Turkey by fue types (2000)

Rénew.
12.2 %

e

17.7%
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Figure 3. Genera energy production and consumption in Turkey (mtoe) (2000)
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Figure 4. Projections of CO, emissionsin Turkey (mton)

450
400
350
300
250 1
200
150
100
50

0
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

© World Nuclear Association 2002 9



