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Power sector Development in a Common Baltic Electricity Market 4

1 Introduction

In the years to come the Baltic electricity sector is expected to go through ma-
jor changes. Up till recently the sector has been characterised by vertically inte-
grated monopolies, but at present the el ectricity sectorsin the Baltic States are
undergoing reform processes to meet the requirements of the EU directives re-
garding liberalisation of electricity sectors. Thisimplies a different organisation
of the sector, with new roles and responsibilities, and focus on new issues such
as awell-functioning electricity market, security of supply and market power.

Furthermore el ectricity consumption is expected to increase considerably |ead-
ing to asubstantial demand for investmentsin power generation. This devel-
opment is stepped up by other EU directives regarding environmental issues,
which will make it necessary either to close down some of the existing power
plants or to refurbish them.

In this project long-term scenario analyses are used to clarify the challenges
facing the future Baltic electricity market and to analyse the robustness of the
power sector. The project examines how existing power plantswill managein a
competitive market, how power prices will develop and which investments are
likely to be preferred by investors, among other issues.

With the aim of establishing a common platform of understanding and facilitat-
ing aqualified dialogue between the relevant stakeholders, the project "Power
sector devel opment in acommon Baltic electricity market" was carried out
from February 2004 to May 2005. The project was organised with a steering
committee, a working group and atechnical data and modelling group with rep-
resentatives from Estonia, Latvia, Lithuaniaand Denmark. Participantsin the
project were representatives of the Ministries of Economy, the regulators, the
TSOs, the Lithuanian Energy Institute, the Ingtitute of Physical Energeticsin
Latvia, and the Danish consultants COWI and RAM-lgse edb. The project was
managed by the East Danish TSO Elkraft System that participated in the project
both asa TSO and asalink to the experience gained in the Nordic countries
during the liberalisation process.

An important part of the project wasto carry out arange of quantitative analy-

sesillustrating the consequences of different future market situations within the
Baltic region.
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Power sector Development in a Common Baltic Electricity Market 5

The analyses focus on trade patterns between power producersin the Baltic
countries, the need for new investments and how a common Baltic electricity
market can interplay with the neighbouring countries. The analyses also centre
on the environmental consequences of different future devel opments as well as
the economic consequences for power producers, consumers and for society as
awhole.

In particular the following subjects arein focus:

*  Theeconomic consequences for different stakeholdersin a common Baltic
electricity market (CBEM);

»  Theimpact of trade with countries outside the Baltic region;

»  Theimpact of the future price of COy;

»  Theimpact of CHP support schemes,

»  Theimpact of the closure of the Ignalina Nuclear Power Plant (INPP).

The main results of the analyses, conclusions and recommendations are pre-
sented in this executive summary. Further details can be found in the main re-
port.

During the project experts from the three Baltic countries have cooperated on
setting up data for the analyses based on their specific knowledge of the power
system in their own countries. Furthermore, all parties have taken active part in
discussing relevant scenarios and results of the analyses. In May 2004, a one-
week seminar was arranged in Kaunas, Lithuania for the data and modelling
group. One main outcome of the seminar was a report with al necessary data
regarding technical and financial characteristics of existing power plantsin the
three countries. This report, however, will not be published asit includes confi-
dential data.

An overview of the members of the steering committee, working group and
technical dataand modelling group isincluded in Appendix Il.
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Power sector Development in a Common Baltic Electricity Market 6

2 Liberalisation of the electricity markets

2.1 Background

The Baltic electricity sector has been characterised by vertically integrated mo-
nopoly companies, but at present the countries are undergoing a reform process
away from the regulated system towards a market based system. The driving
force behind the liberaisation of the Baltic marketsisthe EU directive regard-
ing energy markets (2003/54/EC). The EU directive requires production activi-
ties to be unbundled from the transmission and distribution activities, and by
July 2007 all electricity customers are to be free to choose their own supplier.

Liberalisation of the energy sector means a change away from retail regulation
with governments involved in the detailed decision making of the energy sec-
tor, towards “framework” regulation. Thisimplies new roles and responsibili-
ties. The authorities set out the general framework which the players of the sec-
tor have to act within. Power generation companies and e ectricity trading
companies run as commercial companies, whereas the natural monopolies of
transmission and distribution are to be independent of commercial interests. In
addition electricity regulators are established to ensure that suppliers and grid
companies operate correctly and provide the services promised to their custom-
ers.

The responsibility for investments in production capacity lies with the commer-
cia players. Supply and demand fundamentals tell that when thereis alack of
production capacity, the price on the market will increase, giving an incentive
toinvest. Investmentsin the electricity market are however dependent on
whether the investors trust the framework under which they have to invest. Sta-
ble framework conditions and transparency in the market are important to
achieve a well-functioning el ectricity market.

Furthermore demand response is crucial for both the market and for security of
supply. In the longer term consumers must respond to high prices.

Market development is on the agenda in a number of regional mini forums re-
cently established under the EU umbrella. Regarding security of supply for ex-
ample, Russiais an important player not only for the Baltic States but for the
EU as awhole. Harmonisation between Russia's and the EU's expectations of
future energy trade and environmental regulations are therefore under discus-
sion.
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Power sector Development in a Common Baltic Electricity Market 7

The three Baltic States became members of the EU on 1 May 2004, and each of
the countries have different challenges complying with the requirements of the
EU legidation. For instance, in Lithuaniathere was a major pre-accession re-
guirement concerning the closure of the Ignalina Nuclear Power Plant. In Esto-
nia, it isagreat challenge for the oil-shale units to live up to the Large Combus-
tion Plant Directive, which sets limits for SO, and NO, emissions. Apart from
the technical issuesthere are also legal and organisational aspects that have to
be solved.

2.2  Experience from the Nordic market

In the Nordic countries Norway initiated competition in the electricity sector
already in 1991, with Sweden and Finland following in 1994 and 1996. The
joint Nordic Louisiana declaration from 1995 founded the basis for the com-
mon and international e ectricity market "without borders®. In Denmark the

electricity sector was restructured in 2000.

A central element in the Nordic market is the common Nordic electricity ex-
change Nordpool, which was established in 1993. Nordpool is owned by the
Nordic TSOs, and manages the electricity trade between countries. It operates
financial markets as well as physical markets— including an hourly based day-
ahead spot market and a market for regulating power. By providing transparent
pricing Nordpool ensuresthat customers always know the prevailing price
level.

The development of an international market for electricity is an ongoing proc-
€ess requiring participation from legid ative bodies, regulators and TSOs. Al-
though the Nordic market could be considered a success so far, thereis ade-
mand for continued development. Especially handling the long-term security of
supply (investments in generation capacity) and harmonising certain rules have
been discussed among stakeholders in recent years. So far the electricity market
opening in the Nordic countries has led to the decommissioning of a number of
unprofitable plants, but only a few new investments in generation capacity have
been decided where subsidies have not been offered.

In the Akureyri declaration from September 2004 the ministersin the Nordic
Council express awish to further develop and harmonise the market frame-
work. The council asked Nordel - the Nordic TSO cooperation - to analyse the
possibilities of further market development, including common infrastructure
investments. The report "Enhancing Efficient functioning of the Nordic Elec-
tricity Market" was submitted by Nordel to the council on 28 March 2005. The
report lists a number of actions that are necessary to enhance the market func-
tion in the coming years.

2.3  The power system in the Baltic countries

The Baltic power system was originally constructed as part of the Soviet Un-
ion's northwest Interconnected Power System (IPS). The Baltic power systemis
still both connected to and operates parallel to those neighbouring power sys-
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Power sector Development in a Common Baltic Electricity Market 8

temsthat were also part of the Soviet Union. These include the Unified Power
System of Russia and the Power System of Belarus. The transmission system of
the Baltic Statesisillustrated bel ow.

Figure2-1  Power grid in the Baltic States

Source: DC Baltija

The power systems in the three Baltic States differ considerably. The Estonian
power system is purely thermal; the Latvian is based on hydro and thermal
technologies, and the Lithuanian power system is dominated by nuclear power
production.

The table below illustrates the installed capacity in the three countries, divided
into different types of technologies.
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Power sector Development in a Common Baltic Electricity Market 9

Table2-1 Installed net capacities 2004 (MW)*:

Estonia Latvia Lithuania Total
Installed capacity 2,324 2,108 5,774 10,206
Nuclear power 0 0 2,366* 2,366
Thermal power
- condensing 1,960 0 1,732 3,408
- CHP 342 528 786 1,940
Hydro power 0 1,553 20 1,643
Wind power 22 27 0 49
Hydro pump storage 0 0 800 800

* |n Lithuania unit 1 at the INPP was closed at the end of 2004 decreasing the nuclear ca-
pacity to 1,183 MW.

The gross power consumption in the three countriesis approx. 23 TWh which
isaround two thirds of the gross power consumption in 1990 before the coun-
tries gained independence from the Soviet Union. The decrease in power de-
mand was due to a general economic slowdown following the independence
from the Soviet Union, and an increase in electricity prices due to the introduc-
tion of cost-based pricing.

Of today's gross power consumption Estonia and Latvia make up some 6.6
TWh each whereas the power consumption in Lithuaniais approx. 9.5 TWh.

In recent years the region has been a net exporter of electricity to neighbouring

countries. The annual net export from each country is presented in the table be-
low.

Table 2-2 Annual net export from the three Baltic countries (TWh per year)

1999 2000 2001 2002 2003
Estonia 0.6 0.9 0.6 0.7 1.9
Latvia -2.0 -1.9 -1.9 -2.3 -2.6
Lithuania 2.7 1.4 4.0 6.5 7.5
Total 1.3 0.4 2.7 4.8 6.8

Source: DC Baltija

2.4  Competition - threats and opportunities

Liberalisation of the electricity sector isintroduced with the aim that competi-
tion will create incentives for the producers to minimise costs and supply elec-
tricity to consumersin the cheapest possible way. Introducing competition does
however imply many challenges as well.

! Net capacity is defined as possible delivery to the grid which equals gross capacity minus
house consumption.
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Power sector Development in a Common Baltic Electricity Market 10

One thing that makesit particularly challenging to liberalise the electricity
markets in the Baltic countries is the approaching need for investments due to
rapidly increasing e ectricity demand, the planned closure of the INPP and the
need for refurbishment of many existing power plants.

Thisisaquite unique situation. Most other placesin the world electricity mar-
kets have been liberalised in situations of excess capacity. In the Baltic States
the electricity markets are liberalised in a situation in which there will soon bea
need for new capacity. From a security of supply point of view it is also aques-
tion of concern whether the existing power plants will be competitive in the
market - both in the short term and in the long term.

Future fuel supply makes up an additional issue. Since the transition of the
economies started in the early 1990s, it has been among the general goals of the
energy policy also in the Baltic countries to improve the security of fuel supply,
to further the use of domestic energy sources and to reduce negative environ-
mental impacts of energy production. In the liberalised market decisions on fuel
choice of existing and new power plants are left with the market players. Fur-
thermore the options for diversification within each country are limited due to
both availability of domestic resources and the characteristics of existing gen-
eration capacity.

Other important issues concern the future market price of electricity, production
and trading patterns, the development in emissions (particularly CO,) and the
future ownership structure of the power sector —including the risk of market
power.

2.5 Method

This project uses long-term scenario ana yses as a means to clarify some of the
challenges facing the future Baltic electricity market and to analyse the robust-
ness of the power sector. Scenario analyses constitute atool for analysing and
creating a dialogue on development perspectives, and they can be used to
choose the best way to ensure arobust and reliable system. The scenarios make
it possible to describe and anal yse possible long-term futures for the electricity
system quantifying el ectricity prices, emissions, trading patterns, the competi-
tiveness of different plants and security of supply issues.

In the present analyses particular focusis given to risks associated with invest-
ments, i.e. analysing how robust different technol ogies/investments are to
changesin framework conditions including factors decided from outside such
asrising fuel prices or rising CO; prices.
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3 Analyses

To illustrate the consegquences of different future developments, quantitative
analyses have been carried out by use of the Balmorel model?. The model simu-
lates the electricity market including electricity and heat production, taking into
account:

»  Heat and ectricity demand,;

»  Technical and economic characteristics for each kind of production unit,
e.g. capacities, fuel efficiencies, operation and maintenance costs and fuel
prices,

»  Environmental taxes and quotas;
»  Possihilities of transmission of electricity between countries and regions.

Over a 20 year period from 2005-2024 the Balmorel model decides on new in-
vestments each year based on arequired rate of return and catal ogues on tax
legidation, fuel prices and available technologies. Aninterest rate of 10 per
cent isused in the model, in part as an expression of the risk in the sector for
investors. Data on existing plants, including the cost of refurbishing units, are
based on analyses primarily made by the Baltic TSOs. Gathering data on the
conditions of existing units and on refurbishment costs has been an important
part of the project. However, the project has not itself made detailed investiga-
tions on the refurbishment costs of power plants.

The technologies in which the model can invest all live up to national and in-
ternational rules, including the EU’ s directive regarding emissions from large
combustion plants.

A basic assumption in the study has been that the internal transmission system
isfixed, i.e. no new internal transmission lines have been taken into considera-
tion. However, in one aternative scenario, the consequences of trade with the
Nordic countries via the planned cable between Estonia and Finland have been
analysed.

2 Further information about the model can be found at www.bal morel.com.
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The results of the calculations include estimates of future electricity and heat
production patterns, future market prices as well as future emissions of CO,,
SO, and NO,.

3.1 Baseline scenario

As astarting point for the analyses, a baseline scenario has been set up. The
baseline scenario assumes parameters and future conditions reflecting the most
likely future developments. To illustrate alternative developments and to estab-
lish abasis for understanding the consequences of changing different important
parameters, arange of aternative scenarios have been analysed as well.

The main assumptions in the baseline scenario are:

*  Wall functioning Baltic electricity market with full competition between
power producers;

*  Fixed annual import to each country from Russia corresponding to 10% of
the electricity demand in all time segments;

»  Closure of the second unit at the INPP by the end of 2009;
*  Priceof CO,isassumed to be 5 EUR/ton (relatively low);

e Totd eectricity demand increases by 3% per annum from 20.5 TWh (net
consumption) in 2005 to 36.9 TWh in 2024. Consumption is assumed to be
inelastic;

*  No support schemes for CHP,

»  The share of renewable energy increases to the national targets set for 2010
(Lithuania: 7%, Estonia: 5%, Latvia: 49.3%). Wind power and biomass
make up the majority of the new RE capacity. After 2010, the amount of
RE (installed capacity) remains the same for the rest of the planning period
for al three countries.

The table below gives an overview of main events during the analysed period.

These are useful to have in mind when interpreting and understanding the re-
sults of the analyses.
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Table 3-1 Main events during the analysed period

Time of event | Event

2004/2005 Two new units are commissioned at Narva oil shale power plant

2005 Refurbishment of Riga CHP1 is completed and 142 MW is commissioned

2006 A new CHP plant (Imanta CHP) on 47.9 MW is commissioned in Latvia

2009 Closure of 1183 MW at INPP (Unit 2)

2009 Closure of 1200 MW at Lithuanian PP. Subsequently the plant may be
refurbished

2010 The share of electricity generation from renewable energy sources in-

creases to the national targets for 2010 and from then on it remains at a
constant level

2010 All fuel prices are harmonised, leading to significant price increases in
some countries

2010 Harmonisation of SO, and NOx taxes

2012-2015 1710 MW at Eesti and Balti PP are gradually closed in their existing form.
Subsequently the plants may be refurbished to a maximum of 2100 MW

2013 SO limit on 25.000 tons is introduced in Estonia

2016 All old units at Narva oil shale power plant must be closed or refurbished

3.1.1 Market price of electricity

At present there is an excess capacity in the Baltic power system implying that
the market price of electricity should be rather low, reflecting only short-run
marginal electricity generation costs of existing plants. Within 4-6 years the
electricity price will increase to the long-run costs of new power capacity.

Figure 3-1 shows the estimated development in electricity prices from 2005 to
2024 compared with the development in peak load demand and available ca-
pacity in the three countries.

The electricity pricesin all three countries increase in the period, but particu-
larly steeply from 2009 to 2010. The reasons for thisis a tightened supply-
demand balance due to the closure of the INPP by the end of 2009, the need for
refurbishments at Lithuanian Power Plant in 2010, and an assumed harmonisa-
tion of taxes and fuel prices from 2010. When the supply-demand balance is
tightened, the share of generation from high-cost peak power plants increases.
Thisleads to higher electricity prices thereby giving incentives to new invest-
ments. Around 2010 the electricity price reaches alevel corresponding to the
long-run marginal costs of establishing new power plants.

In Estonia it then becomes attractive to refurbish the old-shale units because of
the low fuel costs and the relatively low investment costs. During the period
Estonia therefore becomes arelatively large exporter of e ectricity whereas
Latvia and particularly Lithuania become importers. Because of the strong
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Power sector Development in a Common Baltic Electricity Market 14

transmission lines between the three Baltic countries there are, however, only
small differencesin electricity prices between the three countries.

The development in power prices are of course decisive for the earnings of the
power plants. In the beginning of the period some existing power plants, in all
three countries, will not be able to cover their fixed annua costs. This regards
the thermal power plants, though not the INPP. Asthe electricity pricein-
creases so do the earnings of the power plants, and in 2020 all existing power
plants have positive earnings.
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Figure 3-1
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Figure3-2  Baseline scenario - Development in installed capacity, the three Baltic
countries
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3.1.2 New investments

Figure 3-2, above, shows the development in the total installed capacity in the
baseline scenario.

C:\Temp\Endelig executive summery til tryk. DOC

COWIL



Power sector Development in a Common Baltic Electricity Market 16

The decrease in existing capacity from approx. 9 GW in 2008 to 6 GW in 2011
(Lithuanian PP is due for refurbishment and the INPP is closed,) explainsthe
previously mentioned risein electricity prices.

Theincrease in total capacity from around 2010 and onwards is a conseguence
of the growing electricity demand in the region. The refurbished capacity dur-
ing the analysed period is 4.6 GW, and the capacity of new unitsis approx. 2.0
GW.

In Lithuaniainvestments are made in the Lithuanian Power Plant, which isre-
furbished in order to use Orimulsion as fuel, and in the existing CHP plantsin
Vilnius and Kaunas. In Estonia the mgjority of investments concern refurbish-
ment of the large oil-shale units. These refurbishments are mainly done for en-
vironmental reasons. In Latviainvestments are primarily made in existing CHP
plants (refurbishments) and in new gas-fired CHP plants.

Access to earnings from the sale of cogenerated heat may become one of the
factors determining where market players choose to place investmentsin new
plants. In the analyses new CHP plants are primarily established in Latvia be-
cause it has the largest unexploited potential for CHP production.

The table below shows the total investment costs each year in the basdine sce-
nario.

Table 3-2 Basdline scenario - Total investment costs each year (mill. EUR)

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
0.0 | 1141 24.8 96.0 27.7 | 424.3 94.3 78.7 | 548.2 | 246.8

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
420.8 | 594.9 | 1939 | 1744 | 227.2 | 199.2 | 219.9 | 1145 | 151.2 | 161.0

By discounting the investments each year to 2005, using a discount rate of 6%,
the total investments during the analysed period sum up to approx. EUR 2.3
billion.

3.1.3 Production patterns

In the first five years of the analysed period the INPP, unit 2, isin operation,
and in this period Lithuaniaisin more or less balance regarding import/export
whereas Estonia and Latviawill be net importers of electricity. In thelong run,
after the closure of the INPP, Estoniawill become the largest power producer
in the region exporting electricity to the two other countries.

The following three figuresiillustrate the production pattern in each of the three
countries in the baseline scenario.
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Figure3-3  Baseline scenario - Production pattern, Estonia
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Electricity generation in Estoniaincreases during the period, particularly after
the closure of the Ignaline Nuclear Power Plant in Lithuania by the end of

2009. Around 2014 thereis atemporary drop in generation as the refurbi shment
of old oil-shale units take place.

Figure3-4  Basdline situation - Production, Latvia
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Latviaisanet importer of electricity during the whole analysed period. The

electricity generation from CHP plants increases during the period due to in-
vestmentsin new plants.
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Figure3-5  Baseline situation - Production pattern Lithuania
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The electricity generation in Lithuania decreases due the closure of INPP in late
2009. Also in Lithuania the el ectricity generation from CHP plants increases
during the period due to investments in new CHP plants. The increasein el ec-
tricity generation in Lithuaniain 2014 is due to decreasing production from the
oil-shale unitsin Estonia, which are being refurbished.

By combining the three figures above it appears that the tota electricity genera-
tion from the Baltic countries each year is lower than consumption. The reason
for thisisthe assumed import from Russia corresponding to 10% of the demand
in the region.
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3.1.4 Emissions
The figure bel ow shows the devel opment in emissions.

Figure3-6  Basdline scenario - Development in emissions
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The emissions, particularly of SO,, increase due the closure of the INPP by late
2009. The reason for thisis that electricity generation shifts from the INPP to
oil shale unitsin Estonia. The SO, emission decreases again in 2013 in connec-
tion with the introduction of quotas for SO, in Estonia and the closure of exist-
ing oil-shale units with high SO, emission coefficients.

3.2 Alternative scenarios

This section presents the results of the aternative scenarios The results of these
analyses are used to evaluate the sensitivity of results from the basdline sce-
nario.

The following alternative scenarios are analysed:

* Increased tradewith Russia. A low price level of 17 EUR/MWh isas
sumed for Russiaresulting in large exports from Russia to the Baltic coun-
tries.

e Tradewith the Nordic countries. Trade with the Nordic countriesisin-
cluded viathe 350 MW Estlink cable between Estonia and Finland. From
2015 the annual average price on each side of the link is assumed to be
equal. Up to 2015 the price in Finland is assumed to develop linearly from
the level today of 26.57 EUR/MWh.
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» Higher CO; prices. The basdline scenario applies a CO; price of 5
EUR/ton. In this alternative scenario a price of 15 EUR/ton is assumed.

»  CHP support schemes. Due to environmental concerns or other consid-
erations some power plantsin Latvia and Lithuania are today operating ac-
cording to support schemes. In order for generation to take placein the
cheapest possible way these are not included in the baseline scenario. In
this aternative scenario, CHP support schemes have been included in all
three countries.

»  Continued operation of the INPP. In this scenario, it has been assumed
that the closure of the INPP, unit 2, will be postponed until the end of the
analysed period.

» High gas price. Assumes 20% higher gas price than in the baseline sce-
nario.

* Market power. The alternative scenario assumes that power producers do
not offer electricity at their own marginal costs but at the costs of the next
unit in the system, and consequently the market price increases. This ap-
proach by definition does not lead to any changes in production patterns,
transmission flow or the type and amount of new investments.

* Lower eectricity demand. In the baseline situation the total eectricity
demand increases by 80% from 20.5 TWh in 2005 to 36.9 TWhin 2024. In
the lower e ectricity demand scenario, the electricity demand increase is
only half of that, i.e. to 28.7 TWh in 2024. This could be due to lower eco-
nomic growth or increased efforts on Demand Side Management (DSM).

»  Closed national markets. Toillustrate the value of having an open market
within the Baltic countries, an alternative situation assuming closed na-
tiona markets has been analysed. However, imports from Russia, corre-
sponding to 10% of the demand in each country, have still been included.

It should be noted that although the alternative scenarios are anal ysed individu-
aly, the elements of uncertainty may of course coincide, and lead to a situation
where for example the Estlink Cableis built, and CO, prices are high, and gas
prices are high. The analyses do not take account of the complexity of all prob-
able devel opment patterns.

3.2.1 Market price of electricity

As an average over the analysed period the electricity price varies between 29
and 38 EUR/MWh in the various scenarios. For comparison the average priceis
about 31 EUR/MWh in the baseline scenario.

In general, the scenario with maximum import from Russia has the lowest elec-

tricity prices because electricity generation at the most expensive unitsin the
Baltic region can be avoided. The scenario assuming a high price of CO; has
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the highest electricity prices because the additional CO, costs are added to the
power producers variable generation costs.

Figure 3-7 below shows the span of the estimated average electricity price
within the region. It appears that electricity prices may fluctuate much in the
beginning of the period, but price differences between scenarios decrease as
investments are made to adapt the sector to the different scenarios.

In all scenariosthere is a steep increase in the power price around 2010 when
the INPP is closed, the Lithuanian Power Plants is due for refurbishment and
taxes and fuel prices are harmonised. However, in the scenario where the opera-
tion of the INPP is continued, the price jump is only around 6 EUR/MWh (no
refurbishment costs for the INPP are included).

Figure3-7  Estimated span of average electricity price - all three countries
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3.2.2 New investments

The figure below shows the total capacity of refurbished and new units during
the analysed period for all scenarios.

Figure3-8  Investments- all scenarios
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As in the baseline scenario investments are made on a yearly basis from a cate-
logue of technol ogies according to the economic framework described in each
scenario. If the scenarios result in different investment strategies thisis an
indicator that the risk level for investors may be high.

The type of investments differs between the scenarios. However, some invest-
ments recur in most or even all scenarios. For instance, the refurbishment of
Vilnius CHP, Lithuanian PP and Riga CHP-2 recur in all scenarios. Refurbish-
ment of existing plantsis particularly attractive because capital cost require-
ments are lower than for new plants. Investments in new CHP plants are also
made in all scenarios, indicating that these investments are robust towards dif-
ferent developments and therefore may prove to be the most attractive for po-
tential investors.

In Estonia, the oil-shale units are refurbished in al scenarios except for the high
CO;, price scenario in which new nuclear capacity is established in Lithuania
and, in which new gas CHP plants are also established.

The total amount of investments is approximately the same in all scenarios with
the exception of the scenario with high import from Russia and the low electric-
ity demand scenario where fewer investments are made

The table below shows the capacity in refurbishments and in new plantsin each
scenario aswell as the investment costs and the average electricity price in the
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three countries in the analysed period. Investment costs are discounted to a net
present value in 2005 using a socio-economic discount rate of 6%.

Table 3-3 Investments in generation and net present value of investment costsin
each scenario and average electricity prices
Total new Of which Of which Investment | Average
investments | refurbish- new in- costs electricity
GW ments, GW | vestments, | (NPV), bil- | price,
GW lion EUR EUR/MWh
(2005-2024)
Baseline 6.6 4.6 2.0 2.3 31
scenario
Trade with 5.5 4.2 14 17 29
Russia
Trade with Nor- 6.3 4.6 17 2.2 31
dic countries
High CO; price 6.5 4.1 2.4 3.1 38
CHP support 6.6 4.6 2.0 2.4 30
schemes
Continued INPP 6.6 5.8* 0.8 1.7%* 29
High gas price 6.7 4.6 2.1 2.6 31
Market power similar to baseline 33
Lower electricity 4.3 3.6 0.6 1.3%x* 29
demand
Closed markets 6.6 35 3.2 25 31
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* |ncluding the refurbishment of the INPP in MW (costs are not included)

** Excluding refurbishment costs of the INPP

*** Generation only. Investment costs for possible demand side management pro-
grammes are not included.

The net present value of investment costs differ from EUR 1.3 billion to EUR
3.1 billion, highest in the high CO, price scenario and lowest in the scenario
assuming alower electricity demand.

3.2.3 Emissions

The scenarios "Maximum import from Russia' and "Higher price of CO," have
the lowest emissions. In the scenario with maximum import from Russia the
decrease in emissionsis caused by lower electricity generation in the Baltic re-
gion. In the scenario with a higher price of CO,, the reduction in emissionsis
due to the fact that electricity and heat generation to some extent has shifted to
technologies with lower CO, emission such as nuclear and gas technologies.

The scenarios "Trade with Nordic countries’ and "Higher gas price scenario”
have the highest emissions. The reason why the former scenario has relatively
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Maximum import
from Russia

high emissionsis that in this scenario the net export from the Baltic region to
Finland is positive. In the scenario assuming a higher gas price, the emissions
increase because electricity and heat production to some extent has shifted from
natural gas technologies to technologies with higher emissions.

3.2.4 Welfare-economic analyses

From the calculations of the different scenarios, the welfare-economic conse-
guences in each scenario have been compared to the baseline scenario.

A welfare-economic analysis takes into account the costs and benefits for
producers, consumers and the public sector. Different situations can be
compared, and the one with the highest welfare level will be the best seen from
the country or group of countries as awhole.

A welfare-economic analysisillustrates, under a number of assumptions, which
situation the country should aim to achieve from an economic point of view. In
addition the analysisillustrates the consequences for the individual market par-
ticipants, e.g. generators and consumers.

The table below shows the total welfare-economic consequences in each alter-
native scenario compared to the baseline scenario.

Table 3-4 Total welfare-economic consequences - all scenarios, million EUR

Total welfare-economic consequence compared to
baseline scenario

Maximum import from Russia 997
Trade with Nordic countries 257
Higher price of CO; 755
CHP support schemes -239
Continued operation of the INPP 814
Higher gas price scenario -344
Market power illustrated by mark-up 0
prices
Lower electricity demand 1,849*
Closed national markets -647

* This figure does not take into account possible expenses for demand side manage-
ment.

The total welfare-economic consequences differ from approx. EUR -650 mil-
lion to approx. EUR 1,850 million compared to the baseline scenario. Thisil-
lustrates the economic consequences of different future market conditions.

Increased import from Russia resultsin a decreased market price of electricity
and decreased €electricity generation at power plants in the Baltic countries. This
implies losses for the Baltic power producers but a gain to the consumers. The
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Trade with the Nor-
dic countries

Higher price of CO,

CHP support
schemes

Continued operation
of the INPP

High gas price

total welfare-economic consequences of increased trade with Russia compared
to the baseline scenario have been estimated to a gain of approx. EUR 1 billion.
Thisfigure, however, does not take any capacity balance and security of supply
issues into consideration.

Trade with the Nordic countries results in a welfare gain of roughly EUR 260
million, because the trade cuts off price spikes to the benefit of consumers.
However, this figure does not take the necessary investment costs of establish-
ing the Estlink cable between Estonia and Finland into consideration. The EUR
260 million can be interpreted as the welfare-economic value of the cable over
the 20-year period from 2005 to 2024.

The higher price on CO; leads to higher electricity prices and thereby decreased
consumer welfare. Furthermore, the Estonian power producers will lose from a
higher CO, price, whereas the Latvian and Lithuanian power producers will
gain from the higher CO, price. The reason why Latvian and Lithuanian power
producers gain from CO; higher pricesis, that they have relatively low CO,
emissions, which is partly due to the establishment of new nuclear power ca-
pacity in the scenario. They will therefore benefit more from the increase in
market prices than they will lose from paying additional CO, costs.

If the Baltic region has a CO, quota similar to the CO, emission in the baseline
scenario, there will be atotal welfare gain of roughly EUR 750 million in this
scenario compared to the baseline scenario because to some extent it is possible
to reduce the CO, emission at alower cost than the CO; price and subsequently
sell the surplus quotas at the CO, price. The income from selling the quotas
goes either to the governments of the Baltic countries, if the quotas are auc-
tioned off, or to the generatorsiif the Baltic countries allocate the quotas free of
charge to power producers. If the Baltic countries cannot benefit from selling
surplus quotas this scenario would imply aloss of approx. EUR 2.5 billion.

In this scenario, thereisatotal welfare-economic loss of approx. EUR 240 mil-
lion because generation from some CHP plants are subsidised. Therefore pro-
duction does not take place in the cheapest possible way.

The continued operation of the INPP causes a total welfare-economic gain of
more than EUR 800 million. In all three countries the consumers will gain from
lower e ectricity prices. In Lithuania, the producers will gain (the Ignalina Nu-
clear Power Plant), but in Estonia and Latvia producers will lose due to alower
market share and due to lower market prices of electricity.

It should be noted that the refurbishment costs that may be necessary to keep
the second unit at the INPP in operation as well as safety aspects and system
related costs (back-up capacity and expenses for regulating power) are not
taken into consideration.

The 20 % higher gas price causes atotal welfare-economic loss of around EUR
350 million compared to the baseline situation because the cost of generating
electricity increases. In al three countries the consumers will lose due to the
higher market price of electricity.
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Market power Market power can take place in many different forms depending on market
conditions and the behaviour of market players. In this scenario the conse-
guences of market power have been illustrated by a simple mark-up approach.
This approach by definition does not lead to any changesin production pat-
terns, transmission flows or the type and amount of new investments. The only
thing that happensis atransfer of money from one economic group (consum-
ers) to another (producers).

Therefore the analysis leads to a total welfare-consequence of zero. However, if
demand responsg, i.e. price elasticities were taken into consideration, the exer-
tion of market power would lead to atotal welfare-economic |oss because some
consumers would choose not to consume el ectricity.

Lower electricity The consumers benefit from the lower electricity demand whereas the produc-

demand erslose. The reason why consumers benefit is twofold: they benefit from lower
consumption and from lower prices. Similarly, the producers lose from alower
sale and from lower prices.

Itisimplicitly assumed that lower e ectricity demand will lead to an unchanged
energy service level. On this background the total welfare-economic gain has
been estimated at approx EUR 1,850 million. This figure can be interpreted in
such away that if it is possible through demand side management (DSM) ac-
tivities to reach the el ectricity demand assumed in this scenario at a net present
cost of lessthan EUR 1,850 million, such activities are advantageous.

Apart from DSM activities, the investment and production pattern as estimated
in this scenario could aso arise from lower electricity demand caused by a
lower economic growth.

Closed national From a country point of view, all three countries |ose from a situation without
markets trade between the countries compared to a situation with full trade.

In Estonia and Lithuania power producers will lose and consumers will gain
from a situation without trade. In Latviathe situation is the exact opposite:
power producers will gain from a closed market situation and consumers will
lose. The total gain to the region of having full trade compared to no trade has
been estimated at EUR 647 million.
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4 Conclusions and recommendations

This chapter summarises the main conclusions and recommendations from the
project. Conclusions and recommendations are based on the scenario analyses
and on the discussions in the working group and in the steering committee.

4.1  Conclusions from the analyses

Thereislikely to be a demand for investmentsin the Baltic countries’ already
within the next 4-6 years due to the closure of the Ignalina Nuclear Power
Plant, unit 2, in 2009, the physical condition of existing power plants and ex-
pectations of rapidly increasing el ectricity demand.

Competitiveness of At present however, there is excess capacity in the Baltic power system. In the

existing power plants  next few years to come the analyses show that a change from aregulated sys-
tem to a competitive whole sale market will result in very low electricity prices
reflecting only short run marginal costs of existing plants.

As a consequence many of the existing thermal power plants, in the three coun-
trieswill not be able to cover their fixed operation and maintenance costs in the
next few years (though not the INPP). In aliberalised market power producers
can be expected to mothball or close down such plants. In atransitional period
the owners will have a demand for capital, which could lead to purchases or
mergers as has been the case in many other European countries.

Closure of plants reduces security of supply and results in higher electricity
pricesin the short term. Mothballing existing power plants will also affect
prices upward, but isless critical from a security of supply point of view be-
cause the plants may be reintroduced to the market as the supply-demand bal-
ance becomes more strained. Depending on the choices made by market players
it may become relevant for the TSOs to enter interim agreements with genera
torsin order to keep sufficient power capacity operational

Increased eectricity ~ After 2010 the calculated prices reach alevel corresponding to the long-run

prices. marginal costs of providing new capacity. At this point of timeit is decided to
close the INPP, and Lithuanian Power Plant is due for refurbishment. Com-
bined with increasing electricity demand and increasing fuel prices, thisleads
to asignificant jump in electricity pricesin all analysed scenarios. As electricity
pricesincrease so do the earnings of the power plants.
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New investments and
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The calculations show that after the “price jump” in 2010, all current power
plants have positive earnings, which means that their income is higher than
their operation and maintenance costs.

Only after 2010 are new investments profitable. The cal cul ations show that the
most attractive investments are refurbishment of existing plants because capital
cost requirements are lower than for new plants. For instance, the refurbi shment
of Vilnius CHP, Lithuanian PP (condensing plant) and Riga CHP-2 recur in all
scenarios. In the baseline scenario 70% (4.6 GW) of all investmentsin the ana-
lysed period (2005-2025) come from refurbishment of existing units.

With regard to new power plants, investments in gas-based CHP plants become
profitable in al scenarios. Thisindicates that the investments are robust to dif-
ferent kinds of market setup and changes in the international framework condi-
tions (e.g. fuel prices and CO, prices).

Costsfor reserve capacity and regulating power are not included in the analy-
Ses.

Investorsin liberalised electricity markets face many uncertainties. The quanti-
tative analyses indicate that the main potential uncertainties for investors are
the future CO, price and alocations methods, whether the political decision on
the closure of the INPP will be effectuated, how much consumption will in-
crease and future possibilities of trading with Russia. To this must be added
uncertainties concerning fuel prices and changesin the general market setup —
for instance possible tenders for new capacity due to security of supply or envi-
ronmental considerations.

A high CO; quota price implies that power producers with relatively high CO,
emissions (e.g. producers using oil shale) become less competitive whereas
generators with relatively low CO, emission or no CO, emission at al (hydro
and nuclear producers) are benefited. The calculations show that in Estoniathe
oil shale units, which arerefurbished in all other scenarios, are not attractive for
investors in the high CO, price scenario. In this scenario new nuclear capacity
isestablished in Lithuania as well as additional gas-based CHP plants.

Some of the alternative analyses focused on el ectricity trade with the Nordic
and the Russian markets. Especially the Russian market may influence the fu-
ture production patternsin the Baltic countries. The import capacity from Rus-
siaisrelatively large, and the future electricity prices on the Russian market
may be competitive. The analyses show that the Baltic e ectricity consumers
will derive a short-term benefit from alow import price from Russia because
the market price of electricity is reduced, but it will be athreat to the Baltic
producers as their profit will be reduces. Security of supply will also be af-
fected adversely because the incentives to invest in the Baltic countries are re-
duced.

During the anaysed period, 2005-2024, the el ectricity demand increases by 70-
80% in all scenarios except in the scenario with low el ectricity demand where
the increase is 35-40 %. The development in electricity demand has great influ-
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ence on the need for investments and on the environment. In the scenario with
lower electricity demand thereis a reduced demand for new investments, and
the electricity price islower than in the baseline scenario.

Continued operation of the INPP also has a considerable curbing effect on fu-
ture power prices. Therefore uncertainty about the decommissioning of the
power plant will make up another important element of risk for investors.

A general conclusion from the analysesis that the region and each of the three
countries will benefit considerable from free power trade compared to a situa-
tion without trade. Each country will either benefit from exporting electricity at
pricesthat are higher than the country's production costs, or it will benefit from
importing electricity at pricesthat are lower than its production costs.

By taking advantage of the different characteristics of the generation plantsin
the three countries (fuel, plant type, size, etc.), the analyses indicate that a
common market will furthermore improve security of supply.

4.2 Recommendations

The ongoing restructuring process of the electricity sector in the Baltic Statesis
very important. It is a challenge to involve the different stakeholdersin the
process of creating a firm policy for the electricity sector. It is therefore rec-
ommended to continue the well established dialogue of this project among the
TSOs and authorities of the Baltic States.

K ey recommendations from the project are presented below.

The situation in the Baltic countries is unique and challenging because the elec-
tricity market isliberalised almost at the same time asthere is a need for new
production capacity. In other countries where the electricity market has been
liberalised the starting point has been a situation with surplus capacity.

As decisions on new investments in the electricity sector usually have to be
made several yearsin advance due to planning and construction timeit isim-
portant that investors have confidence in the market. Otherwise investments
may be postponed. Stable framework conditions and transparency in the market
are key factors for achieving new investments.

Two important uncertainties for investors, which politicians have a direct
impact on, are the possibilities of trading with Russia and the decommis-
sioning of the INPP. If new investments are to take place in duetimeitis
important that lasting decisions are made on these issues. Decisions with
wide political support are preferable in order to increase the confidence of
investors.

Opening markets to Russia holds consi derable short-term economics benefits
for the consumersin the Baltic countries, but may lead to a one-sided exchange
pattern resulting in large imports. Thisislikely to have arestrictive influence
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on investments in the Baltic countries and thereby on the security of supply.
Therefore it is recommended that the Baltic countries handle the Russian inter-
face together, including taking advantage of the countries potential asalink
between Russia and the rest of the EU. Reasonable measures should be taken to
ensure the long-term security of supply and the reciprocity of the markets.

If some generators take up a dominant position in the market they may be able
to exercise market power, thereby increasing the market price of electricity.
Thiswill harm the consumers as well as the total welfare. Market power makes
up areal risk as a Baltic electricity market without competition from outside
may be too small to obtain adequate competition.

It istherefore recommended that the TSOs and authoritiesin the three countries
focus on how the market can be organised and how common harmonised and
stable rules can be set up concerning trade with countries outside the Baltic re-
gion.

Furthermore it isimportant that a future Baltic market is monitored carefully by
the competent authorities.

As the demand for new generation capacity increases, power prices are bound
to rise. Since the share of electricity in household expensesis high, thisis likely
to worry private consumers. The increases in power price combined with the
price spikes, which are usually observed on liberalised electricity, are likely to
be a matter of political debate.

However, if investors fear political intervention in the market, the value of
postponing required investments will increase. Therefore it isimportant that
politicians do not make hasty decisions. On the other hand it isimportant that
the TSOs and the authorities have the necessary toolsto act if required invest-
ments do not come in due time in order to maintain a satisfactory level of secu-

rity of supply.

The electricity directive opens up for tendering for new generation capacity if
security of supply is threatened. However, the directive is not very specific as
to when and how to tender and this possibility in itself can endanger the market
function. Therefore, the Nordel members have decided to develop specifica-
tionsin thisregard. It is recommended that the Baltic countries agree in ad-
vance on procedures to clarify the precise processif investments do not appear
and make the procedures available to the public.

Such procedures should also be applicable if agreements are necessary to keep
unprofitable power capacity operational in atransitional phase due to security
of supply purposes as the market matures.

Furthermore it is essentia to monitor the power balance carefully and facilitate
development of short-term price elastic demand so as to smooth price spikes
and improve security of supply. Demand response concerns the reduction of
consumption during periods when consumers’ benefit from using el ectricity
does not exceed the spot price. This may involve moving consumption to peri-
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ods with lower prices. Ensuring demand response in the market isimportant
because it generates a premium for peak-load generators without compromising
security of the supply. Promoting hourly based pricing to enduse consumersis
important to develop the potentia for demand response.

Timely, open and objective information about major transmission investments
from the TSO is another important part of stable framework conditions. Other-
wise, uncertainty concerning local e ectricity prices may become an additional
risk element for investors. It is recommended that a common medium to long-
term plan is carried out for the Baltic countries on aregular basis regarding fu-
ture interconnectors.

Tradein electricity between the countries provides major benefits for the region
and for each country because of the differencesin power structure. However,
within each country there may be both winners and losers.

It is recommended to organise the future e ectricity market in such away that
there will be no barriers to obtaining these synergies and solve any distribution
problems in each country if necessary. The Nordic experience shows that the
market can be started regardless of differencesin national electricity laws, by-
laws and competition laws. Harmonisation of market rules and laws should
then begin as soon as possible after the market has started.

The Baltic States should enter into robust agreements in writing, for instance
with atime horizon of three years, and the countries should take concerted ac-
tion, debate openly and exchange experience. This also implies that the opening
of markets take place at the same pacein all three countries.

To improve awell-functioning market it should be examined whether the cur-
rent subsidies for certain types of generation, including mandatory purchase
obligations, are in accordance with the free market, or whether they need to be
modified to give generators the right incentives.

In order to send correct price signalsto generators and consumersthereisa
need for a common exchange for trading electricity. To achieve awell function-
ing market thisimplies hourly metering of generation and the consumption of
large consumers. Furthermore el ectricity tariffs must be separated into energy
costs and grid costs— also for customers that have not yet gained accessto
choosing their own supplier.

It will also be important to publish and develop reliable forecasts of electricity
consumption, both on a day-to-day basis and in the long term to achieve trans-
parency in the market, and to reduce uncertainties for investors.

4.2.1 Division of roles in the further process

Table 4-1 summarises the main project recommendations and points out a pref-
erable division of rolesin the further process. Particularly the authorities and
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the TSOs have important responsibilities with regard to taking the initiative for
implementation of the recommendations.

Table4-1 Division of rolesin the further process

Authorities Regulators  TSO EU Mar ket

forums bodies actors
Balt-€l
Stable regul at- p p p
ing framework
to facilitate
investments

Agreement on I p I
path to common
Baltic market

Reference price/ p I p
Common ex-
change

Common I I p p
handling of
interface to
Russia

Transmission p I p
planning/
investment

I: It isimportant that the stakeholder takes the initiative to implement the rec-
ommendation.

p: It isimportant that the stakeholder participatesin implementing the recom-
mendation.

C:\Temp\Endelig executive summery til tryk. DOC CO“Z[



Power sector Development in a Common Baltic Electricity Market 33

Appendix | - Conclusions and recommendations
presented at the final seminar in Tallinn on
12 May 2005

Conclusions and recommendations from the final project seminar in Tallinn on
12 May 2005 are based on the quantitative scenario anal yses and discussions
within the project’ s steering committee.

Conclusions from analyses
Present excess capacity and calculated short-run margina costs yield
electricity prices close to 20 EUR/MWh in a Baltic competitive market.
Not enough to cover all fixed production costs.

Thereisalikely need for investmentsin the power sector within 4-6
years due to increasing el ectricity demand, closure of the Ignalina Nu-
clear Power Plant (INPP), unit 2, and the condition of existing power
plants.

The analyses show that after 2010 prices reach alevel corresponding to
long-term marginal costs reflecting the need for investments. Refur-

bi shments and gas-based CHP seem to be the most likely investments
in scenario calculations.

Investments can be expected if uncertainties and the anticipated risks
are low. Total investments in the basdline scenario represent a present
value of EUR 2.3 billion in the period 2010 — 2025.

Most dominant uncertainties affecting market pricesin the analysed
scenarios are CO, prices, trade with Russia, the closure of the INPP and
demand growth. To this must be added uncertainties concerning the de-
velopment of market setup.

Calculations of welfare economy show benefits of trade to the region
and to each country. Benefits can be from exporting (producers) or im-
porting (consumers).

Recommendations

The differencesin power structure yield potentially large benefits from
trade within the region. The Nordic experience shows that a common
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market can be started regardless of some differencesin national elec-
tricity laws, bylaws and competition laws. It is recommended that the
Baltic States enter into necessary agreements by coordinating the im-
portant steps in opening a common Baltic market.

Creating a common price reference is necessary to send correct price
signals to consumers. In awell-functioning market the price signal must
be based on hourly pricing. It is recommended to establish a common
exchange with publicly available prices.

The restructuring process istaking place facing a situation with invest-
ment needs. Stable framework and transparency in the market must be
pursued wherever possible. Trade arrangements with neighbours, deci-
sions regarding the INPP and all ocation of CO, quotas are important
framework issues.

If investments are not made due to anticipated risks, the power balance
and long-term security of supply in the region can be a problem. Public
tendering for new capacity is apossibility in the electricity directive,
but this possihility in itself can endanger the market function. It is
recommended that the Baltic States develop well defined procedures to
be used if the power balance isin danger.

Trade with Russiais dominant for the market pricesin the Baltic States
and for regional investments. Reasonabl e measures should be taken to
ensure the long-term security of supply and the reciprocity of the mar-
kets. It isrecommended that the Baltic countries handle the Russian
interface together taking advantage of the countries potential asalink
between Russia and the rest of the EU.

As the demand for new capacity increases prices must be expected to
rise and price spikes will be experienced. These factors are part of the
well functioning market and politicians should not try to influence
mar ket prices by hasty decisions.

Faith in the market priceis essential. The Baltic market isrelatively
small, and some generators can take up a dominant position, which may
enable them to exert market power and “artificially” increase the price
of electricity. It isrecommended that the competent authorities and
TSOs in the three countries focus on mar ket design and car eful mar -
ket monitoring in order to ensure efficient competition. Trade with
countries outside the Baltic region can be important in this respect.
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