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Lithuania's Energy System: Towards Sustainability
Summary
The thesis work "Lithuania's Energy System: Towards Sustainability" contains of
42 pages, 21 tables, 7 figures and the list of 49 references.
In the first charter "Introduction" the problem is defined, the purpose,
hypothesis, methodology and outline of this work are discussed. The purpose of
this work is to analyse the present situation in Lithuania's energy system, try to
predict possible changes and analyse possibilities for Lithuania's energy system to
achieve sustainability. The main hypothesis of this work is that Lithuania can
survive without Ignalina Nuclear Power Plant is proven by the analysis of relevant
literature, data, studies and simple calculations of energy balance.
The second charter "Present situation in Lithuania' s energy system" contains of
five smaller parts. In the first part "Dynamics of energy system" main components
of the energy system and their interactions are identified. The second and the
third parts show present energy demand and supply. At present, 17 TWh of
electricity and 20 TWh of heat are produced annually. Lithuania's consumers lise
6.5 TWh of electricity and 17 TWh of heat. The rest Lithuania's annual energy
supply is exported to neighbouring countries. Lithuania's energy system is highly
reliant on nuclear power (provides 85% of total electricity production). Energy
objects cause different environmental problems such as atmosphere pollution.
These problems are discussed in the fourth part.
In the third charter "Prospects for the future" possible changes in energy
dem and, possibilities to close Ignalina NPP and the potential for energy efficiency
improvements are discussed. Two main scenarios for Lithuania's economy
development are analysed. Under the fast growth scenario, by 2015 energy
dem and is expected to be 40540 GWh (15230 GWh of electricity and 25310 GWh
of heat). Under the slow growth scenario - 32040 GWh (10710 GWh of electricity
and 21330 GWh of heat). The question about the closure of Ignalina NPP is very
difficult. Therefore, before the final decision it is very important to analyse the
possibilities to lise alternative energy sources and to improve energy efficiency.
Different studies show that arter the introduction of energy saving measures it is
possible to save 25-30% of presently consumed energy.
In the fifth charter "Theoretically available alternative energy sources" the
potential of biomass, biogas, municipal waste, hydropower, solar, wind and
geothermal energy is analysed.
The fifth part "The summarisation of study results and discussion" consists of two
parts. The first part contains the analysis of earlier discussed alternative energy
sources and helps to choose most suitable for Lithuania. Three main criteria were
used in order to decide what alternative energy source is most suitable for
Lithuania: potentials, energy prices and environmental impact. The comparison
of suggested alternative energy sources shows that biomass and hydropower have
,.,

the highest potential. It is possible to produce 11.5 TWh of electricity and 12 TWh
of heat from biomass and 3600 GWh from hydropower. The potential of other
resources is smaller, but they can be used in the regions where their potential is
highest. The lise of geothermal, municipal waste, solar, wind and biogas energy is
suggested. The transition to the lise of alternative energy sources would lead to
increase in energy prices. Hydropower, biomass and wind energy are cheapest,
but the lise of municipal waste, biogas, solar and geothermal energy could
increase energy prices up to 0.6 Lt1/kWh (present average price is 0,18 Lt/kWh).
The lise of biomass, biogas, municipal waste energy is a source of atmosphere
pollution. Therefore, modern air c1eaning equipment should be introduced.
In order to prove the hypothesis that Lithuania can survive without Ignalina
Nuc1ear Power Plant, this situation was calculated in the second part. The
calculations show that for the electricity and heat production only alternative
energy sources could be used. This would decrease the lise of non-renewable
energy sources. Non-renewable energy sources would be only used as a fuel for
transport and in the future could be replaced by the environmentally friendly
fuels. However, energy export will not be possible in this cage.
In the sixth part seven conc1usions drawn from this work are presented. The main
conc1usion is that Lithuania can survive without Ignalina Nuc1ear Power Plant,
but several conditions have to be carried out. Olle of these conditions is the
introduction of energy efficiency measures. The transition to the sustainable
energy system requires big investments. Therefore, Lithuania needs financial help
from its neighbour countries.
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1. Introduction
1.1. Problem definition
Sustainable development is Olle of the main issues nowadays. Energy
consumption and production are closely linked to these issues. Energy is
necessary for different kinds of human activities: heating and cooling,
illumination, health, faDd, education, industri al production and transportation.
Most often energy is produced by burning traditional fuels such as coal, oi!
products, etc. Therefore, the amount of non-renewable energy sources decreases.
And this is not only Olleproblem appearing in the present energy system. Another
major problem is the environmental pollution caused by the energy system
objects.
Sustainable energy systems should meet all requirements of a sustainable
development: environmental, economical and sociaL From the environmental
point of view sustainable energy system should avoid high reliance on nuclear
power, reduce the use of non-renewable energy sources, find possibilities to use
alternatives, controi the environmental pollution caused by the energy system.
Energy prices should be realistic and not higher than the energy consumers would
be able to pay.
Lithuania's energy system is far from sustainable now. The largest part of energy
in Lithuania is produced by the Ignalina Nuclear Power Plant. The proportion of
nuclear power in the total e1ectricity production in Lithuania is the highest in the
world - about 85% of Lithuania's electricity is provided by Ignalina Nuclear
Power Plant (Ref. 1). There are almost no emissions of pollutants from nuclear
power plants. However, in the cage of nuclear power, environmental cancerns are
focused on the safety at the power plant and the transportation and storage of
radioactive waste. The result of an accident at the nuclear power plant is almost
unpredictable and can affect not only Lithuania, hut neighbouring countries too.
Therefore, this energy source is thought to be non-sustainable and should be
avoided during consideration of sustainable options. However, due to its
enormous contribution to Lithuania's energy balance and different economical
and political reasons, the c1osure of Ignalina Nuclear Power Plant remains as a
very big question for discussions.
The main source of atmosphere pollution in Lithuania is small-scale heat supply
objects within current energy system - regional and other power plant with
smaller power potential, which huru different organic fuels. The most popular
fue1 in Lithuania are oi! products forming 60% of total organic fuel balance (Ref.
2). The main burning fuels in the country are non-renewable energy sources such
as black mineral oi!, coal, natural gas, and firewood as a renewable energy source.
Liquid petroleum gas, diesel fuel, peat are used to alesser extend. The spectrum
and quantity of burning products depend on the type of fuel, it's chemical
composition, the conditions of burning process, the furnace design and the
cleaning equipment. Unfortunately, due to different reasons (such as financing,
c

etc.), emissions from these small-scale power plants are usually not c1eaned at all.
Therefore, almost % of total atmosphere pollution in Lithuania comes from
energy production and transport (Ref. 2).
The Agenda 21 calle d on nations to find more efficient systems for energy
production, distribution and consumption as well as for greater reliance on
environmentally sound energy systems. Special emphasis was place d on renewable
sources of energy. The potential of alternative energy sources in Lithuania is
limited, therefore, it is very important to increase energy efficiency. The possible
lise of alternatives and energy efficiency improvements require detail research
and big investments.

1.2. Purpose
The purpose of this work is to evaluate the present situation in Lithuania's energy
system, to analyse the predictions of possible changes in energy demand, analyse
the possibility to c1ose Ignalina Nuc1ear Power Plant and to lise alternative energy
sources and, finally, answer the question

- how

can Lithuania's

energy system be

sustainable? This work is mainly focused on electricity and heat supply and
demand. The lise of energy in the transport sector is mentioned very briefly, but
this could be a topic for the future research.

1.3. Hypothesis and methodology
As Olle can see from the problem formulation, the situation in Lithuania's energy
system is not satisfactory. Lithuania is highly reliable on nuc1ear power. Ignalina
Nuclear Power Plant, home of two Chernobyl-type reactors, should be c1osed in
the nearest future. If Ignalina will be c1osed, it will be necessary to find other ways
to produce energy in Lithuania. There is a possibility to lise alternative energy
sources in Lithuania, but their potential is limited. Therefore, it is important to
evaluate possibilities to lise energy more efficiently.
During the preparation of this work relevant literature and data was analysed. In
order to better understand situation and prove some hypothesis, system thinking
methods (causaI loops diagram) were used. The purpose of system thinking
methods is to define the main components of analysed system and the relations
between these components, to understand system dynamics and to predict future
situations.
Causal loops diagram helps to understand the dynamics of studied system. The
main system components are linked and each link is marked by "+" or "-". If the
increase of Olle component karls to the increase of another component (or
decrease karls to the decrease) link is marked by "+". Link is marked by "-" when
the increase of Olle component causes the decrease of another Olle (or decrease
karls to increase).

1.4. Outline
The second part of this work provides an analysis of the present situation in
Lithuania's energy system. System dynamics, energy dem and and supply, main
environmental problems are presente d in this part.
The third part presents prospects for the future. Possible changes in energy
dem and, debates on the possible closure of Inalina Nuclear Power Plant and the
analysis of energy efficiency improvements are presented in this part.
In the fourth part the potential of alternative energy sources in Lithuania is
analysed. The analysis of biomass, biogas, municipal waste, hydropower, solar,
wind and geothermal energy and what energy is most suitable for Lithuania is
presented.
The fifth part helps to choose most suitable for Lithuania alternative energy
source and prove the hypothesis of this work by using the ca1culations of energy
balance.
The sixth part contains seven conclusions drawn from this work.

2. Present situation in Lithuania's energy system
2.1. Dynamics of energy system
In order to analyse the possibilities to create a sustainable energy system it is
important to define what the energy system is and what are the main parts of this
system. Different literature sources define energy systems in different ways. The
main definition could be expressed as ~'Energysystem consists of the extraction of
energy sources~ transportation of energy carriers~ conversion (for example in a
power plant)~ distribution and the final conversion that provides the desired
energy service such as lighting or cooling~: (Ref. 1)
In this work main attention is concentrated only on the some of energy system
areas, such as energy conversion (production) and energy consumption. Other
stages are also mentioned, hut very briefly.
In order to better underst and the system dynamics, a causal loops diagram was
drawn (fig. 1). In this causal loops diagram attention was concentrated on the
most important components of the Lithuanian energy system.

o

.
1

~

Nuclear

+

-

RiSkOf~

accident

'\

+

Environmental
awareness

Rower ~
"+

Use
offo~
fuels

.

~

Environmental
pollution
+

+

Use of alternative

+

Depletion of
non-renewable
energy sources

~urces

+
Energy

Energy demand.f'

v

/'\

'--/

/"'.

'--"

'"

'-../

/'

C/ ~ncy .

Fig. 1. Causalloops diagram of Lithuanian energy system

The two main components of the energy system are energy dem and and energy
supply. The higher is energy dem and, the more energy should be produced in
energy objects (in the case of Lithuania

-

Ignalina NPP and thermal plants that

lise fossil fuels for energy production). The energy demand and the amount of
available energy are also related. If energy production remains the same, hut
energy demand increases, it leads to the decrease of available energy.
There is also a balance between the amount of available energy and energy
production by Ignalina NPP and other power plants. The higher is production, the
higher the amount of available energy. The more energy is available, the less
energy we have to produce.

ro

In Lithuania 85% of electricity are produced by Ignalina Nuclear Power Plant.
There is little environmental impact from nuclear power plants in ordinary
operation. However, there is a risk of accidents at nuclear power plants and
problems with nuclear waste. Therefore, Olle can observe an increase in public
environmental awareness, related to the lise of nuclear power, during last years.
Public environmental awareness is Olle of the main reasons leading to a wish to
decrease the lise of nuclear power.
In Lithuania heat is mostly produced by burning of fossil fuels. On the global
scale, it leads to the depletion of non-renewable energy sources. Furthermore, the
more fossil fuels we lise, the higher is environmental pollution by burning
products (solid particles and gases). Such pollution can cause different changes on
the local, regional and globalieveis.
An increase in nuclear power, environmental pollution and depletion of nonrenewable energy sources lead to an increase in public environmental awareness.
Public environmental awareness is Olle of the stimulators to the lise of alternative
energy sources. Renewable energy sources can solve non-renewable sources'
depletion problem.
Energy should be used mor e efficiently. Energy efficiency improvement causes
decrease in energy demand. The improvement of energy efficiency would also
lead to the increase of available energy amount.

2.2. Energy demand
The restoration of independence in 1990 has brought Lithuania into a stage of
overall economic changes from centralised economy to a market oriented system.
After the collapse of the Soviet Union, Lithuania experienced drastic changes in
economic situation. Inflation rate was about 900% in 1992. During the four years
after the restoration of independence the Gross Domestic Product (GDP)
decreased by 64%. (Ref. 3)
Lithuania has inherited an economic structure from the former Soviet Union. It
was not adapted for Lithuania's size, geographic position and lack of natural and
energy sources. Now Lithuania reorganises ils economy and creates an
independent energy system.
As a small country, Lithuania was quite seriously affected by the collapse of trade
which hits all economics in transition. The structure of industry has changed
dramatically during last years. The prices of raw materials and imported fuel
increased mor e than twenty times in 1992 and this caused the lost of former
export markets for Lithuanian products. Table 1 presents the electricity and
district heat (steam and hot wafer) consumption in Lithuania in 1993-1996. This
table doesn't show heat consumption by individual house-owners, because in most
cases they lise firewood for heating. Forest cutting for firewood production is
regulated by forestry institutions. The share of industry in final electricity
-1n

consumption has decreased and the share of agriculture has also dropped
significantly. At the same time, e1ectricity consumption by households, trade and
service sectors has hardly changed, and the shares of these sectors in the final
consumption have consequently increased by 1.6 times. Total electricity
consumption for fuel refining and supply has been relatively stab le. (Ref. 4)
Table 1. E1ectricity and heat (steam and hot water) consumption in Lithuania in
1993-1996 (Ref. 5, 6)
Sector

Industrv, construction
Transport
Household
Ap;ricu1ture
Other consumers
Total consumption

Heat, GWh

Electricity, GWh
1993
3078
150
1437
870
1444
6979

1994
2808
145
1523
695
1450
6621

1995
2805
96
1495
521
1437
6354

1996
3192
95
1570
459
1305
6621

1993
6325
40.8
8982
399
3744
19491

1994
5552
40.8
9752
407
4069
19822

1995
5558
3.5
9465
209.3
2819
18055

1996
5616
2.3
8548
162.8
2582
16911

The main energy consumers are industry/construction, transport and the domestic
sector. Energy intensive industries are equipped with old fashioned and wom out
technologies, therefore specific energy consumption is high. The consumption of
primary energy per capita (50 MWh in 1990) in Lithuania in 1990 was similar to
that of Western Europe. However, primary energy consumption per GDP unit
(million ECU) was approximately three times higher than the West European
average (in 1990 it was 15 MWh). For example, energy use levels for domestic hot
water were excessive: the daily consumption of hot water in Lithuania was
estimated at 110 litres per person, more than double the UK average (Ref. 72).
According to the National Energy Strategy, the main reasons of such sharp
contrasts were:
* extremely low energy prices which existed in the rast,
* no incentives for energy efficiency,
* inadequate or non-existent metering and controlof energy use (Ref. 7).
In April-May 1993 Lithuania started a stabilisation programme and arter years of
concerned effort managed to considerably improve the economic situation. (Ref.
8). The rear 1996 was exceptional for the energy sector in Lithuania. During the
transition to market economy for the first time annual final energy and electricity
consumption began to increase. Final energy use increased almost by 1%, while
final electricity consumption increased by 4%. Final electricity consumption made
up about 40% of the whole electricity production. The rest electricity is exported.
The grater part of electricity was used by industry (48%), residents used 24%.
Most final heat in 1996 was used by house management (51%) and industry
(33%). (Ref. 6)

2 Uthuania's National Energy Strategy is issued in 1993. It should be renewed every flve years.
National Energy Strategy'98 is under construction now.
11

The current energy situation is not satisfactory. Lithuania has almost no primary
energy resources and is dependent on imports of fuel from other countries.
Moreover, highly unbalanced portions of different energy sources (such as
Ignalina Nuclear Power Plant) make the possibility for gradual shirting to more
sustainable resources a quite complicated task.
During the last two years the inefficient lise of electricity and heat, due to low
energy prices and no incentives for energy savings, has been decreasing. Energy
market in Lithuania are liberalised now and only district heating prices for the
residential sector remained subsidised by the middle of 1995. Therefore, the
customers are now more interested in energy efficiency issues. The potential for
energy saving is quite substantiaI. This important question is discussed in part 3.2.

2.3. Energy supply
Lithuania has almost no fossil fuel resources (only modest onshore oil reserves of
about 8 million tonnes). However, its energy conversion sector capacity
considerably exceeds the requirements of Lithuania. The energy sector of
Lithuania was planned for a centralised system operating within the Soviet Union.
Lithuania's energy system is equipped by expensive mechanisms, it leads to the
increase of over-capacity in energy production.
In 1996 16.8 TWh of electricity was produced, that is 21% more than in 1995.
Ignalina Nuclear Power Plant generated 13900 GWh (82.3%), thermal stations 2000 GWh (12.5%) and hydroelectric

stations (HS and HPS)

- 900

GWh (5.2%).

The other main part of Lithuanian energy production is thermal generation. The
leading thermal generating source is the conventionai thermoelectric plant at
Elektrenai

(nominal

capacity 1800 MW

-4

x 150 MW, 4 x 300 MW) (Ref. 6).

Table 2 presents electricity production in Lithuania in 1995-1996.
Table 2. Electricity Rroduction in Lithuania in 1995-1996, GWh (Ref. 6)
1995
11822
1325
373
378
13898

Gross Electricitv production by:
Imalina NPP
ThennalPowerPlan
Hydro Power Plan
Kruonio HPPS*
Total e1ectricity supply

1996
13942
1974
325
548
16789

* - HPPS - Pump ed Storage Power Plant
In 1996 in Lithuania district heat production (steam and hot water) increased by
about 3% in comparison with 1995. Most heat was produced by power stations of
"Lietuvos energija" (30%) and boiler houses (40%). Industrial and other power
stations and small-scale local boilers produced 20%, heat utilisation devices of
industri al enterprises - 7% and Ignalina NPP - 3% of total heat in the country.
(Ref. 6) Table 3 presents heat production in Lithuania ii11995-1996.

~,...

Table 3. District heat

ducti

. Lith

. . 1995-1996.GWh (Ref. 6)
1995
6297
620
218
2023
198
1611
525
671
431
904
11260
19445

Heat production by:
Power plants:
Ialina
NPP
Uthuanian PP
ViInius CHP*-2
ViInius CHP*-3
Kaunas CHP*-2
Petrasiunai PP
Maieikiai CHP*
Klaipeda PP
hldustrial power plants
Heat-Only boUers
Total production

1996
6545
603
212
1915
522
1522
629
633
509
858
11247
19969

CHP* - Combined Heat and Power
Most of the thermal plants have been operating for more than 20 years. Since
most of them need maintenance, they have been operated at levels less than 50%
of full capacity in recent years (Ref. 9).

2.4. The main problems of Lithuania's energy system
2.4.1. Pollutionand its influence on human health and the environment
Almost % of total atmospheric pollution in Lithuania comes from the energy and
transport systems. In order to make these spheres more environmentally friendly
and reduce their negative influence on environment through the optimal choice of
energy sources and their efficient lise, it is very important to know what the main
pollutants are and how these pollutants influence human health and the
environment.
The main sources of atmosphere pollution in Lithuania' s energy sector are smallscale tillits - regional and other power plants. They hum different organic fuels
and the emissions from these small power plants are usually not c1eaned. The
spectrum and quantity of burning products depend on the tyre of fuel, it's
chemical composition, the conditions of burning process, the fumace design, and
the c1eaning equipment. The most popular kind of fuel in Lithuania is oil
products. They form 60% of total organic fuel balance. Mineraloil, coal, natural
gas and firewood are also popular in Lithuania. Liquid petroleum gas, diesel fuel,
reat are used to alesser extent. (Ref. 2)
The main pollutants, as a result of fuels combustion, are sulphur dioxide (SOz),
nitrogen oxides (Nax), carbon monoxide (Ca) and particulates. The electricity
sector accounts for 27% of total SOl emissions, 18% of total NOx emissions and
15% of total greenhouse gas emissions. (Ref. 7, 8, 46, 47) Olle of the main
reasons of sulphur emissions is low grade fuel

- oil used

for energy production

has

a 2,5-4,0% sulphur content. However, other stages of fuel cyc1e cannot be
ignored. During such stages as extraction of fossil fuels, refining, transportation,
1,.,

storage, etc., carbon dioxide (C02), methane (C~), hydrocarbons, N2O and some
other pollutants are emitted. (Ref. 10, 11)
Sulphur djoxide (S02). A large fraction of 502 may deposit relatively close to the
sources of emission. However, a proportion of 502 will be transported by air
masses to more remote areas. Transport of 502 or its conversion products, such
as sulphate aerosols may occur over distances, greater than 1000 km. Therefore
the deposition of emission products stretches across national boundaries and may
also result in sensitive ecosystems receiving depositions of sulphur above their
criticalload (Ref. 10). Direct effects of 502 gas may result in the degradation of
plant cuticular surfaces, or, arter solvation and entry into plant cells, cause
metabolic disturbances, particularly affecting photosynthetic system. The
deposition of sulphate ions causes soil acidification and, through drainage and
ron-off, the acidification of water bodies. Acidification has damaging effects on
aquatic and forest ecosystems; the damage depends on the buffering capacities of
the respective ecosystem. However, acid lakes have difficulties supporting certain
tyres of fauna; acid rain affects the pH levels and nutrient balance in soils and
tends to decrease the growth of trees.
Elevated sulphur dioxide concentrations in the atmosphere also cause human
health impacts. 502 is a harsh irritant, it causes human respiratory problems (such
as impaired breathing, coughing and chest tightness); exacerbates asthma,
bronchitis and emphysema. However, it is difficult to distinguish the effects of
502 from those of other atmospheric pollutants, notably particulates (Ref. 10, 12,
13). Acidified water is suspected of having certain advers e health effects,
especially conceming infants (Ref. 10, 14).
5ulphur dioxide combines with oxidants in the atmosphere to form sulphuric acid,
which is a corrosive substance. It cause s corrosion of metaIs, damage to electrical
contacts, deterioration of pareT, textiles, leather, finishes and coatings, erosion of
paint work and calcareous building minerals (limestone, sandstone, moTtar and
concrete) (Ref. 13, 14).
Njtrogen oxides (NOxJ and ozone (03). NOx emissions contribute significantly to
the formation of acidic depositions. They also playaroIe in photochemical smog
formation and have direct adverse effects on living organisms at elevated
concentrations. Health effects of NOx include lungs irritation and may be a cause
of oedema, bronchitis and pneumonia; it may increase susceptibility to viTal
infections; increase sensitivity to dust and pollen in asthmatics. NOx emissions
have direct atmospheric effects, as weIl. For example, elevated levels of nitrogen
dioxide are responsible for the red or brownish colours in polluted air,
particularly around dusk and thus reduce visibility (Ref. 10, 12).
NOx are also involved in the photolytic reactions with volatile organic compounds
and forms ozone in the troposphere. The exposure to high ozone concentrations
over a short period of time can cause temporary illness, such as lung irritation,
hyperactivity, minor eye irritations, headaches, inflammation of respiratory cells,
pain upon inhalation and physical discomfort. It also reduces resistance to colds
"A

and pneumonia; it can also aggravate chronie heart disease, asthma, bronchitis
and emphysema (Ref. 12, 14).
When vegetation is exposed to ozone, leaf damage can occur, as weIl as
reductions in plant growth and increases in susceptibility to other stress factors.
Tropospheric ozone is a highly effective absorber of long-wave radiation (one
mole of 03 in the troposphere absorbs outgoing radiation about 2 000 times as
effectively as 1 mole of COz). Being such an active greenhouse gas (though having
a short atmospheric residence time) ozone contributes greatly to the greenhouse
effect (Ref. 11).
Ozone and nitrogen mddes can also damage materials and structures, especially
rubbeT products, dyes and paints, textile fabrics, plastics and electrical
components. NOx alone damages outdoor artworks, monuments and historie
structures by inducing corrosion, fading and soiling (Ref. 10, 13, 14).
Particulates. The main components of partieulates emitted from a power plant
are: ash, which contains heavy metais, their oxides (especially vanadium pentoxide
(VzOs)), hydrocarbons (CmHn),sulphates and nitrates. Very small particles of ash
impair visibility; they also irritate mucous membranes and may cause respiratory
problems as weIl as initiate various respiratory diseases (Ref. 12, 14, 15).
Partieulates may affect crops when deposited on their leaves by interfering with
photosynthesis. It has also been suggested that partieulates may have adverse
effects on domestic and wild animals (Ref. 14). Vanadium pentoxide irritates
eyes, causes lung swelling and lung diseases; it has adverse effects on the blood
circulatory and nervous system (Ref. 15). Low-molecular weight hydrocarbons
impair the respiratory system, cause nausea, drowsiness; adversely affect the lungs
and blood circulation. Most heavy-weight hydrocarbons (especially polycyclic
aromatic hydrocarbons3 , such as benz( a)pyrene CZOH12)have carcinogenie and
mutagenie effects (Ref. 12, 15).
Carbon monoxide (CD). CO is a common atmospheric waste gas resulting from
fuel combustion. It enters the body during inhalation and is absorbed inta the
blood stream, interfering with absorption of oxygen by haemoglobin forming a
carboxyhaemoglobin complex and thus reducing availability of haemoglobin cells.
Increased carboxyhaemoglobin levels in the blood produce conditions ranging
from increased disability in persons with cardiovascular disease through the
decline of oxygen uptake (at about 5% carboxyhaemoglobin in the biood),
headaches and fatigue (30%), through collapse (at about 40%) to death (at 6080%). CO affects foetal growth in pregnant women and tissue development in
young children; quiekens the progress of arteriosclerosis. It also has synergistic
effects with other pollutants promoting morbidity in people with respiratory
problems (Ref. 10, 12, 14, 15).

3 more than 20 different kinds of polycyclic hydrocarbons have been found and identified in smoke
and ash from thermoelectric plants (Ref. 15).
~~

Carbon monoxide is involved in the photo-chemical reactions in the atmosphere
which produce ozone. CO also reacts with and removes OH from atmosphere,
therefore indirectly affecting (via impeding methane oxidation) the atmospheric
residence time and concentration of methane (Ref. 11).
Carbon dioxide (CO2). In the fossil-fuel cycle, carbon dioxide is emitted mainly
during fuel combustion. If the combustion is complete, all the carbon contained in
the fuel ends up in the atmosphere as COz , therefore carbon dioxide emissions
are not as closely tied to the combustion technology, as are NOx or SOl emissions
(Ref. 11). The carbon content in coal is estimated

at 61

- 66%

on a dry weight

basis depending on the tyre of coal. Oil and especially natural gas contain much
less carbon (see Table 4) hence COz emissions during their combustion are
significantly lower.
Carbon dioxide is the most significant greenhouse gas with an average
atmosphere residence time of approximately 100 years. It has been estimated that
on a global scale COz has accounted for two thirds of the warming experienced to
date, and will account for about 80% of future warming if current greenhouse gas
emission rates continue (Ref. 11, 14).
Table 4. Average Fuel Carbon Content~_JRef. lJ}.
Brown coal and lignite a

fl,C/MJ
25.2

fl,COz/MJ
92

Bituminous coal
OH
Natural gas

23.7
19.9
13.5

87
73
49

Puel

a

a

Average values, the range can be at least :I:10 percent.

Me/hane (CH4). The main source of methane emissions in the fossil-fuel cycle is
leakage during the production process. CH4 is an effective greenhouse gas with an
atmosphere residence time ofroughly nine years (Ref. 11).
The problem of atmospheric pollution could be solved if alternative energy
sources and efficient air cleaning equipment will be used. The lise of alternative
energy sources such as biomass, biogas, municipal waste, solar, wind, geothermal
energy would reduce the emissions of sulphur dioxide and carbon dioxide.
However, the problem of particulates and other pollutants would remain.
Therefore, air cleaning equipment should be introduced at the pollution sources.
The efficient of modern air cleaning equipment reaches 85-99%, hut this
equipment is very expensive and its installation requires big investments.

2.4.2. Influence of Ignalina Nuclear Power Plant
The power generation at Ignalina nuclear power plant has its specific
environmental consequences. ~'In the case of nuclear power, environmental
cancerns are focused on the safety at power stations and the transportation and
storage of radioactive waste. Although the possibility of a serious accident ina
~..-

nuc1ear power stations is smal~ it can have severe consequences if it is happens"
(Ref. 1). Even under normal operations there may occur low level radioactive
emissions to the atmosphere as well as radioactive contamination of surrounding
soil and water. The surface runoff feeds permeable layers of soil and rock
containing groundwater, which in turn supplies water to wells across the country.
Radioactive matter (mainly the radioactive isotope of hydrogen - tritium)
accumulates in the lake Driiksiai4 (its water is used for cooling the power plant)
and in ground waters of its coastal zone. When, after cooling, water is pumped
back into the lake, its temperature is raised and sulphur contamination damages
the lake ecosystem. Cold water fauna as well as 80 species of plankton have
already become extinct because of increased water temperature and evaporation
(Ref. 7, 16, 17). Increased mutagenicity cause d by the sewage and water from the
cooler of the atomic power plant to drosophila and Salmonella typhimurium has
been detected. Extracts from the water, mud and hydrobionts of the lake Driiksiai
have been found to induce spot mutations in Salmonella typhimurium and
exchanges of sister chromatides in human leukocytes in vitra (Ref. 18). The
ground water is also contaminated in the radioactive waste deposit sites (Ref. 17).

3. Prospects for the future
3.1. Possible changes in energy demand
Both the energy demand and realisation of the potential for energy efficiency
improvements are dependent on the general situation of a country' s economy.
Therefore, it is important to predict the economic situation in Lithuania, if
changes in a country' s energy system are planned. Figure 2 shows how the Gross
Domestic Product (GDP) has changed in Lithuania from 1990 until1994 and two
economic development scenarios.
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Fig. 2. Economie development scenarios (Ref. 4, 7)

During the transition from centralised economy to the market oriented economy
(1990-1994) Lithuania's GDP decreased by about 60%. Uwe assume that in 1990
Lithuania's GDP was 100%, in 1994 it reached only 40%. During the last four
years (1994-1998) Lithuania's GDP has stabilised and started to increase slowly.

-

4 the concentration of tritium in the lake Driiksiai is 3 4 times higher than the average

concentration of tritium in the world (Ref. 19).

For the next 17 years (1998-2015) specialists have defined two possible economic
development scenarios. Under the slow economic growth scenario GDP will not
Teach 1990 year's level within the study period. Under the fast economic growth
scenario Lithuania's GDP will Teach 1990 year's level by 2005-2010 and by 2015 it
will be 40% higher than in 1990.
Table 5 shows the predictions of future e1ectricity demand in 2015 in various
branches of the human activities. In the first cage, 1995 electricity prices are
maintained until 2015 at 18 cents/kWh. In the second cage, prices are gradually
increased up to 60 cents/kWh. The second cage looks more realistic, because it is
almost impossible to keep energy prices at the same level during 20 years,
especially when discussion about big changes in country' s energy system is taking
place. New energy supply technologies will be used. These technologies are more
expensive than to day's technologies. Therefore, new energy prices will include
new technologies' costs. Higher energy price will lead to the decreased
consumption of e1ectricity although the predicted differences will be quite
moderate.
Table 5. Th

dict"

Industty
Construction
A,gricu1ture
Transport
Trade
Services
Residential
Total

Fast economie .e;rowthscenario
Prices of 1995
RiM prices
6400
5540
340
400
1190
1030
390
340
870
840
4250
3670
4120
3560
17610
15230

Table 6. Th,

Industrv
Construct.
Agriculture
Transport
Trade
Services
Residential
Total

dict"

d in 2015. GWh (Ref. 4)

f final electrici!y d

f final heat d

Sloweconomie roowth scenario
Prices of 1995
4700
260
790
280
570
2870
2910
12330

RiM prices
4060
230
690
240
500
2480
2510
10710

d in 2015. GWh (Ref. 4}

Fast economie .e;rowthscenario
1995
High prices with
Prices
conservation measures
12230
8810
310
500
490
350
80
60
1970
1300
7800
5000
9480
10690
33760
25310

Slow economie .e;rowthscenario
1995 Prices
High prices with
conservation measures
8630
7280
270
220
360
300
50
30
1280
1000
4060
5120
9780
8430
25480
21330

Similar predictions were made for future heat demand (table 6). It was assumed
that final heat demand would be reduced by the effects of heat conservation
measures. However, even after allowing for conservation effects but due to the
rehabilitation of industry, final heat dem and is forecasted to increase during the
study period: by 25% under the fast growth scenario and 6% under the slow
growth scenario compared to 1994.
~O

All-in-all, agradual increase in production capacity of Lithuania's economy is
expected in a majority of industries. According to the results of various studies, it
was determined that the priority industri al branches in the future will be branches
with the best export abilities, i.e. wood processing, light industry, peat industry,
e1ectrical appliances. These industries could be classified as "moderate
consumers" in terms of energy lise. At the same time, the industry and household
sectors, in general, have many possibilities to improve their performance in terms
of energy efficiency that partly could compensate for the increased consumption.

3.2. Energyefficiency
Efficient energy lise is Olle of the best ways towards a sustainable energy system.
In 1995 Energy Law of Lithuania has passed Lithuanian Parliament. This law
defines the following objectives for the national energy policy:

./
./
./
./
./
./

Energy conservation and efficientlise of primary resources;
Reduction of energy intencity(measured as energy/GDP);
Diversificationof energy supplysources;
Promotion of domestic and renewable resources;
Improved reliabilityand economicefficiencyof energyproduction and supply;
Improvement of environmental safety.

Before the restoration of independence, energy (heat and electricity) lise in
Lithuania was very inefficient as compared with Western countries. Main reasons
of such inefficient energy lise were low energy prices and that no incentives for
energy savings exist. Now energy prices in Lithuania are liberalised, therefore
situation is changing. In the winter costs for heat, hot wafer and electricity for a
normal householder in Lithuania now account for a half of its monthly income,
white in Scandinavia these costs are 5-10% (Ref. 1). The energy consumers began
to understand the importance of energy saving. Besides, the potential for energy
saving is quite high.
Calculations in first Lithuania's National saving Programme showed that by
introduction the energy saving measures approximately 25-30% of currently
consumed energy could be saved over next 12-15 years (Ref. 3). Usually
consumers do not think about long-term perspectives and are not willing to bur
quite expensive technologies. It means that consumers' behaviour in market
conditions is not easily predictable.
Table 7 presents the energy saving potentials in the different sectors and required
investments for the implementation of energy saving measures.
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Table 7. Lithuanian energy saving_Rotentials (Ref. 3)
Sector

Investments, lObLt

Saving potential,
GWh/an
3800
1400
1600
500
700
11000
1100
15800

1. Industrv
2. Transport
3. A,e;riculture
4. Public services (electricity)
50ResidentiaI (electricity)
6. Buildings (heat systems)
7. Heat production
8. Renewables and local resources

3600
2650
1200
320
530
22000
4000
15500

Figure 3 presents Lithuania's GDP in the period from 1995to 1998. Comparing
figure 3 and table 7, it is possible to see that investments into the energy saving
technologies are rather high and could be considered affordable only under
favourable economic conditions. During last years Lithuania's GDP is growing from the beginning of 1995 until the middle of 1998 GDP has increased from
4565.9 mill. Lt to 10836.2 mill. Lt using current prices for ca1culations and from
5286.8 mill. Lt to 6991.5 mill. Lt using constant 1995 year price (Ref. 20). The
bigger is GDP, the higher is possibility to invest a part of this money to
Lithuania's energy sector.
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Figo3. Lithuania's GDP in 1995-1998 (mill. Lt.). (Ref. 20)

Most important energy saving possibilities in industry are new technologies with
lower energy consumption. Lithuania's industrial technologies lise 20-50% more
energy per tillit production than Western countries. It is possible to save 113 of
energy consumed. The highest energy saving potential is in construction
materials' industry (44%). In average 32% of anually consumed energy could be
saved. All improvements also require big investments (1180 mln.Lt) (Ref. 3).
During last years a considerable progress has been made in the field of energy
saving. Big support was received from many Western countries (Denmark,
Sweden, Norway, USA). In 1994-1995 Lithuanian specialists attended four
training cources on the subject "Energy saving in industries and buildings".
During these cources they had to prepare energy saving projects under the

I"'I{\

supeIVision of NOIwegian energy consultants. Figure 4 presents results of the Olle
of these projects "Energy saving in dwell apartment house".
Energy efficiency could increase by the introduction of following energy saving
measures:

./
./

Join tightly windows and doors (saving potential 9-17%);
Reflection films behind rediators (1.1-2.2%);

./ Windowsmodernisation (4-8%);
./ Worm up walls,ceilingand floor, etc. (Ref.3)
250
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D-door
[J - roof

m - floor
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El - windows
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100

7.3
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16.5
23.5
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79.5

46.3
21.1

o
Heat demand
before improvement

Heat demand
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Fig. 4. Distribution of heat demand through building elements
in dwell apartment house (5 floors, 45 flats) (Ref. 3)

The implementation of energy efficiency measures is affected by energy prices,
the local and institutionaI situation, the use of metering and submetering systems,
financing possibilities, etc. lncreased energy prices force consumers to change
their behaviour and use energy efficiently. However, energy saving measures are
very expensive (for example, rep air and replacement of windows, doors, roofs,
upgrading of heat controI system, etc., can cost from 100 to 3000 USD). Only very
small part of Lithuanians can afford to implement these measures in their houses
or apartments. Therefore, Lithuanian Government should support energy
efficiency projects. In 1994 the Lithuanian Government established a Credit Fund
for Renovation and Insulation of Buildings and Apartments. However, the
financing of energy efficiency improvement in housing is still limited. Therefore,
Lithuanian Government has to look for support from Western countries.

3.3. Debates on the possible closure of Ignalina Nuclear Power Plant
On the global scale the share of nuclear power forms 8% of the electricity
production (35 new nuclear power plants are under construction). Figure 5
presents the share of nuelear power plants in different countries' energy systems.
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As Olle can see on this figure, Lithuania is the "global champion" in nuclear
energy production. In Lithuania 81,5% of electricity is produced by Ignalina
Nuelear Power Plant.
Ignalina is the home of two Chernobyl-style reactors. Many specialists criticise
these reactors and thus recommend to elose Ignalina and other plants like it. This
ide a became considerably stronger after a number of accidents in Ignalina in
recent years.
However, there are different opinions about the elosure of Ignalina Nuelear
Power Plant. It is elear, that the elosure of Ignalina NPP will lead to
unemployment for 5,000 of the staff at INPP and to uncertain future for the

,.".,

population of 35,000 of the dependent town of Visaginas. As was mentioned
before, Lithuania relies on nuelear power plant more than other countries.
Therefore, the possible elosure of INPP will lead to complete restruction of the
country' s energy system and additional energy sources will be needed.
In two artieles in Lithuanian monthly scientific journal "Mokslas ir Technika"
("Science and Thechnique") two opposite opinions of Lithuania's scientists are
presented. Prof. Juozas Burkeinis calls the idea of the elosure of Ignalina NPP
and lise of alternative energy sources a "myth". He argues, that alternative energy
sources can supply only 10% of total energy demand. Nuelear power 1eads to the
increased independence of Lithuana' s energy system, therefore the significant
role of nuelear power production should remain. (Ref. 22)
Another group of scientists (Prof. Habil. Dr. V.Paskevicius, Habil. Dr. S.Janusonis,
Associat Prof. Dr. RPareigis and Prof. Habil. Dr. JA. StaSkevicius) argues in the
artiele "Lithuania without nuelear power" that in the year 2015 11800-18800 GWh
of electricity should be produced. The annual potential of Lithuania's power
plants is 15300 GWh without export. Therefore, Lithuania's energy system can
survive without nuelear power, hut an increase in the lise of indigeniuos energy
sources and energy efficiency improvement would be necessary. It would lead to
the increased costs of energy supply. (Ref. 23)
The President of Lithuanian Republic Valdas Adamkus promised to fulfil
Lithuania's engagement to eloge Ignalina Nuelear Power Plant in the nearest 15
years. He also thinks that safety of Ignalina NPP has increased during the last
years and that Lithuania can still lise nuelear power, hut produced by reactors
with safer characteristics. He argued , however, that the sooner or later a elosure
of Ignalina NPP is unavoidable, because reactors constructed in 1983 and 1987
can work 25 years. (Ref. 24)
Dr. Algimantas Burba, Head of the Unit at Lithuanian Energy Institute, a person
directly working in energy system, thinks that a elosure of Ignalina NPP in
Lithuania's situation is almost impossible (or very difficult), because nuelear
power production in Lithuania "is business" (production exceed the demand,
therefore there are quite good conditions for energy export). He, on the other
hand argued that the low price of nuelear power is unrealistic, becaus~ this price
does not inelude the price for possible elosure and amortisation of Ignalina NPP.
(Ref.9)
The National energy strategy of Lithuanian Republic identifies three mam
scenarios for energy system development (Ref. 7):
* The Ignalina Nuelear Power Plant will teer operating as a 2-reactor facility
with safety upgrades introduced (so called.High Nuelear Case);
* The plant will operate as a l-reactor facility with safety upgrades introduced
(Low Nuelear Cage);
* The plant is shut-down and decommissioned in the short term (No Nuelear
cage).
,...,..,

In June,1997 Nuclear Safety Inspectorate (VATESI) started ils work on Ignalina
Nuclear Power Plant licensing. This inspectorate bad to analyse safety at Ignalina
NPP and lake a decision no later than June, 1999 (Ref. 25). A large amount of
work has been done and Inspectorate presented taken decision in 1998. They
stated, that Ignalina NPP is safe, however, work on safety improvements has to be
continued. As Olle can see from table 8, safety upgrading costs are quite high, hut
lower than the costs of new nuclear power plant construction. For Lithuania is not
easy to finance these measures, therefore, support from neighbour countries is
needed. During last years big support is received from Swedish Government. The
major projects, financed by Swedish Government, are carried out together with
the Swedish experts.
Table 8. Nuclear safety upgrading rosts (Ref. 4)
No.
1.
2.
3.

Measure
Urent safety upgrades
Short-term safety upgrades for Unit 1
(if not closed in 1998) and Unit 2
Long-term safety upgrades for Unit 2

Cost
Lt94/kW
166
130

Remarks
To be implemented until1998
To be implemented until2oo3

186

To be implemented in 2003 - 2008

Financial provisions for the decommissioning of Ignalina Nuclear Power Plant are
in the range of 1200 million Lt for each tillit, adding a 1 cent/kWh surcharge to
the electricity tariffs for all consumers over an assumed 20 year period. The
effects on reduction of demand are sufficiently small that they do not need to be
considered within the scope of the scenario analysis. (Ref. 4)
All-in-all, a sustainable energy system should avoid heavy reliance on nuclear
power which, hopefully, will be excluded from future alternatives of energy
sources. As an optimal scenario, Olle argue for total refusal to lise nucleargenerated energy as long-term strategic solution. The later should definitely
include environmentally friendly ways to obtain energy. Among them Olle can
mention biomass, biogas, municipal waste energy, solar, wind and geothermal
sources. The potential of these resources in Lithuania is discussed in the following
sections.

4. Theoretically available alternative energy sources.
A possible closure of the Ignalina Nuclear Power Plant requires proper research
and development of available for Lithuania alternative renewable energy sources.
The lise of indigenous energy sources in the energy balance of Lithuania is
currently very small (3-4%) (Ref. 4). Nevertheless, for a sustainable energy system
increase in the lise of alternative energy sources should be stimulated. There are
almost no indigenous non-renewable energy sources in Lithuania, hut potential
for some renewables is quite big and could meet present energy needs.
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In this part, the potential liSe of renewable energy sources in Lithuania is
analysed. The potential energy production from biomass, biogas, municipal waste,
and the possibilities to lise hydro, solar, wind and geothermal energy are
discussed. The main idea is to analyse environmental, economical and social
impacts of renewables. Technologies are not the main focus.

4. 1. Biomass (woad, short-rotation forest and peat)
As was mentioned before, energy production causes significant environmental
effects. Biomass fuels offer higher environmental benefits, such as lower
emissions of COz and SOz, therefore, they can be very good alternative for nonrenewable energy sources and their lise can increase in the nearest future.
Biomass as a fuel has been used for millennia. When fossil fuels have become
available, the lise of biomass decreased. However, biomass fuels still contributes
to approximately 14% of the world' s total energy supply (Ref. 26). In developing
countries biomass plays a significant fale in energy supply and contributes to
approximately 40% of these countries' energy consumption (Ref. 27). The
potential of biomass is beginning to be discovered in developed countries as weIl.
The biomass potential in Lithuania is quite high. The total land area of Lithuania
is 65 300 square kilometres (about 6.5 Mha). According to the official statistics, in
1990 woodlands occupied 1.8 Mha accounting for 27.9% of the total land area. As
a result of reforestation of unused agriculturalland, the area covered by forests
has increased and in a report of the Ministry of Forestry (1993) it is reported to
be 30.1% of the total land area or almost 1.9 Mha (Ref. 16,28,29,30,31,32).
As
a comparison, the total forest area in Sweden is estimated at 23. 3 Mha (Ref. 33).
Table 9 presents the potential for biomass lise in Lithuania.
Table !J.Potential sources, type and supply of raw materials for fuels_(Ref. 35)
Source/type of raw material
Sawlogs not used by industry
Pulpwood not used by industry
Lo.l!;.l!;in.!!;
residues

Bark and waste from pulp industry
Bark and waste from board industrv
Bark and by-products from sawmills
Wood waste from other mech. industries
Sum 1 (totally)
Sum 2 (exc1udin.!!;spec. harvest)

Raw material available for fuel GWhJa
Short term *
Medium term
Lon.!!;term
2100
236
139
4970
4428
1676
3196
3196
3514
45.8
61
337
73.6
147
147
1132
1532
1662
186
284.7
351
11667.6
10001
7778
6389
9167
7500

* - the short term is defined as a period between the years 1993 and 2000,
the medium term as a period between the years 2000 and 2010,
the long term - as a period arter the rear 2010 .
Stim 2 in the table refers "to volumes of wood and wood waste potentiaIly
available when extra harvesting specifically" carried out for energy purposes is

exc1uded (Ref. 35). That is, only those quantities of pulpwood and corresponding
volumes of logging residues are considered which have to be cut in order to
supply the domestic sawmill industry with necessary saw timber and which are not
used in the domestic pulp or board industry or exported. Both glimSreflect the
upper limit under respective conditions and do not consider technical or
economic restrictions. The decrease in the long term is caused by the
development of the forest industry and a successive increased lise of wood
(inc1uding pulpwood) for industrial purposes (Ref. 34).
Lithuania's agriculturai sector also has big potential for biomass supply. Straw is
the main residue in arable agriculturai production. An expected grain yield is
approximately 3 million tonnes. The cereal crops give 0,7-2,5 tonnes of straw per
every tonne of grain (Ref. 36). Thus from 3 million tonnes of grain 2,1-7,5 million
tonnes of residue would be produced. Sofie literature sources (Ref. 27) state that
average yield of residue from cereal crops is 3,2:t1,3 tonnes/ha/yr. It means, that
about 4 million tonnes of residue would be produced from 1 217 900 ha of cereals.
A significant part of this amount is lett on lands to maintain humus and nutrients
cyc1es. 20% of biomass is used for minimisation of erosion. Therefore, only 1020% could be used for energy production. Cereal residues could theoretically
cover 5,2-23,2% of the annual gross electricity requirements or 3,6-16,3% of the
annual gross heat consumption (Ref. 34).
In the nearest future the production of energy crops on Lithuania's agriculturai
lands will be very profitable from different points of view. Lithuania's land area is
65200 km2 (6.52 mill. ha). Arable land forms 49% of this area (3.1948 mill. ha).
(Ref. 37). In 1996 in Sweden 0.05 GWh of energy per hectare were produced
from short-rotation forest - SaJix. This number is expected to increase by 2015 to
0.09 GWh per hectare per year. (Ref. 38). Lithuania's c1imate is very similar to
Swedish conditions, therefore, the potential of energy production from shortrotation forest is also similar. We can assume that due to technical and
economical reasons the potential of energy production from short-rotation forest
in Lithuania will be 0.04 1Wh per hectare per year. If all arable Lithuania's land
will be used for energy forest, 128 TWh of energy would be produced. However, it
is not possible to lise all arable land for energy production. We can assume that
15% of this area will be used. The potential of this area would be 19 1Wh per
year.
Biomass could be used as a source for electricity and heat production in the
combined heat and power plants (CHP). Heat and electricity efficiency for the
combined cyc1e at co-generation plants is respectively 0.46 and 0.44 (Ref. 48).
Therefore, 11.5 TWh of electricity and 12 TWh of heat could be produced from
biomass.
Peat can be interpreted in two ways: as a bio-fuel or fossil fuel. However, reat is
Olle of the indigenous resources with the largest theoretical potential of the
resources in Lithuania, and of the leading resources, the Olle with the most
straight-forward method of collecting and using the resource (when compared
with the other resources with a large theoretical potential, such as solar energy or
,.."

straw). Therefore, peat could be used as an alternative energy source during the
transition to a sustainable energy system.
All Lithuania's peatlands with a peat larer thicker than 0.3 m occupy an area of
4826 km2 or 7.3% of Lithuania's territory. Low moors occupy 3818 km2,
transitionai mires cover 440 km2, and raised bogs Teach 568 km2 in area. The
changes in Lithuania's economy affected the peat industry product assortment
and extraction volumes - they decreased to 15% of former level in the industriai
peat deposits. Due to a decrease in local demand, now only unripe peat is
extracted, since the major part of this sort is exported. 270 million tonnes of peat
is estimated to be the annual potential extraction, but at present only about 100
thousand tonnes is annually used. In the future, basic utilisation spheres of peat
can be energy production, peat for horticulture and gardening, and limited export.
Milled peat is presently used in a few boiler houses of different peat enterprises
(Ref. 39).

4.2. Biogas
In Lithuania biogas production and its lise for energy sector takes its first steps.
Research shows that highest biogas production potential has agriculture (95,6%),
waste waters (3,3%) and food industry (1,1%). Biogas potential from agriculturai
waste is presente d in table 10.
The highest biogas reserves are accumulated in manure of livestock and poultry cattle manure (66,5%), pig manure (21,8%), poultry (6,1%), others (5,6%). From
1993 till 1995 biogas potential decreased 1,3 times because of dec1ine in
agriculture. (Ref. 40)
. l fr

Table 10. B'
Kind of
agriculturai
waste
Cattle manure
Pi manure
Poultry manure
Manure of
horses
sheep and oats
TOTAL

. l

l

{Ref:30)

Average
moisture
content
(%)
88
96
75
84

Amount of manure
(mIn. tonnesNear)
1993
1994
1995

Bio
mIn. m:.1
Near
1994
1995
1993

18.62
8.69
0.54
0.87

498.7
150.1
35.0
34.0

337.9
139.0
37.5
33.3

3.2
0.9
0.22
0.21

2.6
0.85
0.24
0.22

2.15
0.89
0.24
0.21

-

28.27 24.24 21.46 717.8 610.4 547.7

4.6

3.9

3.5

15.15
7.64
0.57
0.88

12.62
7.41
0.58
0.85

405.8
133.0
37.0
34.6

otential
TWhJyear
1994
1995
1993

Sludge from municipal waste water treatment plants is also a suitable raw
material for biogas production. It is possible to produce 17 mln.m3/year of biogas.
Biogas potential from wastewater is presented in table 11.
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Table 11. Biogas 20tential from ~astewater. (Ref. 40)
Bio as potential

Organie pollutans in wastewater
(tonnes BODs/year)
1993
1995
I

I

55.50

mIn. m3/year

1993
22.14

43.00

I

I

GWh/year

1995
16.90

1993
141.7

T

1995

I

108

Organic waste, generated from the food processing industry, can also be used in
biogas production. Table 12 presents the technical potential amount of biogas
produced from organic wastes accumulated in meat, sugar, starch and yeast
processing industries, in Lithuania.
Table 12. Biogas potential from waste of food industry (Ref. 40)
Parameter
I
Year

(thousand

1993
1.292
19.69

1994
0.911
17.85

1995
0.983
18.10

7.0
45

4.9
31.4

4.8
30.6

The total technical potential of biogas production in Lithuania is almost 600
mln.m3/year, corresponding to 4000 GWh of energy or 3% of country' s primary
energy demand. However, technical biogas production potential means amount of
biogas theoretically possible to produce. J.Savickas (Ref. 40) argues that due to
technical and economical limitations, only 5% of this potential can be used.
Therefore, real possible biogas potential in Lithuania is elose to 30 mln.m3/year or
only 0,15% of present primary energy demand of the country. However, Swedish
experience shows that the available potential of biogas is about 35% and 80% of
this amount can be exploited (Ref. 49). If will be possible to Teach such
percentage in Lithuania in the future, the available potential of biogas would be
1400 GWh and only 1120 GWh

-

an exploitable potential.

The expenses of biogas power plant exploitation are quite low, however, their
construction requires high investments. Biogas power plant can be used 15-20
years, therefore, repar time should not be more than 10 years. Data about biogas
power plant repar time is presented in table 13.
Table 13. B'
The volume of bio-reactor, m

25
100
200

lant

J

ti

(Ref. 40)

Repay time, years
Heat production
Heat and electricity
production
27,8
17,5
37,1
13,5
24,3

-

As Olle can see from table 13, the bigger is volume and power of bio-reactor, the
betteT are economic indicators. However, even 13,5 years repar time is too long.
These numbers show, that biogas is not best energy source, but in the future this
opinion can change. Energy prices are increasing and thus the bio-reactor repar
'"'o

time becomes shorter. Research shows that biogas production in reactor can be
increased 2-3 times by adding easy decomposting, food industry waste. It is also
possible to reduce the price of the bio-reactor. Economic calculations should also
inc1ude how biogas production influence agriculture and environment. These
changes would show that in near future repay time of bio-reactor will be shorter.

4.3. Municipal waste
Municipal waste can be used as an alternative energy source. The generated
amounts of municipal waste are growing by 5% every year. Presently municipal
waste are usually disposed in municipal landfills. Disposal at landfills leads to a
large number of environmental problems, particularly as some landfills lack
adequate controI and protection measures. However, municipal waste generated
in the largest cities of Lithuania constitute arealistic energy potential. In these
cities 30 thousand tonnes of municipal waste are generated annually. This amount
corresponds to a potential energy production of 581.5 GWh peryear. (Ref. 41)
Main ways of waste utilisation are composting and waste burning. Composting is a
biochemica1 process, when the organic part of municipal waste is destroyed by
microorganisms. COz, water and heat are main products of this process. Compost
can be used as a fertiliser in the agriculture.
Composting has positive and negative aspects. Compost is a good fertiliser, but
unfortunately, very orten it is very difficult to gell the compost and its storage
requires big areas. Besides, compost can contain heavy metaIs, which can lead to
soil contamination. Pollutants from soil through products can negatively influence
human health. Therefore, for Lithuania waste burning and biogas production are
most suitable. Waste burning has two positive aspects: firstly, it decreases the
amount of waste by almost 90%; secondly, it provides minimum containing of
different substances in the c1inker. As a negative aspect of waste burning, the
danger of atmosphere pollution can be mentioned. Atmosphere pollution can be
caused by the presence of polymers in waste. This requires the lise of complex and
quite expensive air c1eaning equipment. Besides, the lise of heat from waste
burning means that waste will be used only once, while up-to-date equipment
provides their recyc1ing. Biogas production can be used when the processing
industry is situated far from consumer, because methane and hydrogen can be
transported without big losses. So, if a processing factory is situated in the city
area, waste burning is most suitable because it is not difficult to connect this
system to city's heating system. In the cage when the processing factory is situated
far away and there are not enough heat consumers in this area, biogas production
has big advantage.
The Government of Lithuania recentlY issued a decision meant to improve the
existing municipal waste management system. These improvements inc1ude the
prospects of developing some form of energy recovery from the combustible
portion of municipal waste.
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4.4. Hydropower
Hydropower, as an alternative energy source, has big future in Lithuania. Unlike
solar and wind power, hydropower already plays an important fale in Lithuanian
energy system. However, today only 10% of technical harnessable hydropower
resources are used in Lithuania (Ref. 7).
In Lithuania 85% of the hydropower resources contains in 378 rivers that are
longer than 20 km or have a catchment area bigger than 50 km2. The two biggest
rivers in Lithuania - Nemunas and Neris - have mor e than 100 MW potential.
Seven rivers have a potential capacity of mor e than 10 MW. The 42 rivers have a
potential capacity of maTe than 1 MW. The total potential of large and medium
rivers is approximately 4500 GWh. With potential of small rivers and ron-of from
hills the total hydra power potential is estimated as 6000 GWh., of which 3600
GWh per year could be harnessed technically, whereas perhaps 1500 GWh per
year could be produced economically in the near future. Table 15 presents
technical harnessable hydropower resources in Lithuania (Ref. 4).
Table 14 shows that if annual demand is 15 000 GWh, then hydropower stations
could provide 20% of Lithuania's electricity consumption. About 86% of the
hydropower resources are concentrated on the Nemunas and Neris rivers. There
are 12 small HPP and the big Kaunas hydropower plant currently operating in
Lithuania.
Table 14. Technical harnessable hydropower resources in Lithuania (Ref. 4}
River
Nemunas
Neris
Small rivers
Total

Technical hamessable hydra power
Avera.e;ehydra power capacity Annual electricity production, GWh
2074.4
236.8
977.6
111.6
513.3
58.6
3565.3
407.0

Due to the difficulties in the present economy, the development of the lise of
hydropower should be done step by step. It is possible to construct small
hydropower plants on 40 already existing water dams. The capital rosts will be
30% less, than the costs of a new plant. The annual electricity production would
be 60 GWh. Bigger potential (about 500 GWh) could be expected from small and
micro HPS. (Ref. 4)
However, before constructing these hydropower plants, it is very important to
make proper research. All currently operating plants should be examined in order
to gather necessary economic and technical information, then try to refurbish an
abandoned small hydropower plant. Two pilot plants on existing water storage
could also help to gain experience. After all information will be gathered and all
experiments will be completed, the 40 small hydropower plants on the largest
existing water storage could be constructed, producing annually 0,5 GWh each.
Later, over 200 SHPS could be constructed. (Ref. 4)
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Hydropower plants have some negative effects on the environment. Plants' dams
causes the flooding of arable lands and act as barrier for fish migration. These
plants are available from economic point of view. They can be financed by private
sector, while larger hydropower projects require special investments.
This analysis shows that hydropower has big opportunities in Lithuania and in the
near future the use of hydropower resources will increase.

4.5. Solar energy
Mainly, solar energy can be used for electricity production or water and building
heating. Unfortunately, due to the climate conditions, the potential for solar
energy in Lithuania is small. Observations show, that average annual solar
radiation on horizontal surface is 970 kWh/m2 in Silute and 1025 kWh/m2 in
Kaunas. Daily Solar radiation varies during the rear from 5.8 kWh/m2.day in June
to 0,55 kWh/m2.day in January. Figure 6 presents the duration of sunshine in
Lithuania (hours/year). This figure clearly shows, that in Lithuania maximum
duration of sunshine is on the Baltic seacoast (1840-1900 hr/yr). In Lithuania's
Eastem part sunshine duration is not longer than 1700 hrlyr. (Ref. 42)
if.
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Fig. 6. The duration of sunshine in Lithuania (Ref. 42)

The area of Lithuania is about 65 000 km2. Therefore, total amount of Solar
radiation that can Teach earth surface is 65 mIn. GWh. It is about 600 times more,
than Lithuania's total energy demand. However, only very small part of this
energy can be used as an alternative energy source and 30-45% (3800 GWh) of
the total hot water demand could be satisfied (Ref. 42).
As was mentioned before, solar energy can be used for electricity production,
water and building heating. Economic factor helps to choose most suitable for

Lithuania solution. Table 15 presents economic calculations for active water
heating system. The bigger is system, the lower is price of the collectors, and thus
the price of produced energy. For the largest system repay time is about 24 years
(exploitation time - 30 years), for smaller systems repay time is much longer about 100 years.
Table 15. Parameters of active water heating system (Ref. 42)
Number of
apartments

1
10
10
50
24

Number of
people

4
14
30
115
46
130

-

Collector's
surfare

The
part of
solar
energy

m2

%

3,6
12
24
59,2
44,4
133

47,3
45,4
48,1
41,4
42,9
39,3

Relat.
annual
energy
pro ductian
kWhJm2
311
340
386
515
387
456

Relalive
price

Price
of
whole
system

An.
energy
production

Lt/m2

Lt

kWh

28588
81176
98824
312000
161412
391764

1250
4800
15100
35900
28300
100000

7940
6764
4116
5272
3636
2944

An.
exploitation
expenses
Lt
284
812
988
3120
1616
3916

Price
of produced
energy
Lt/kW
h
1,00
0,72
0,28
0,38
0,25
0,17

Passive buildings' heating systems are primary purposed for small houses (100
m2). Table 16 presents parameters of such system.

As table 16 shows, the price of energy produced by passive building heating
system is not high.
Parameters of PV system are presented in table 17.
Table 17. Parameters of PV ~stem. (Ref. 422
Power

Price of
module

kW
2
5
20

Lt/kW
32 240
28 120
27640

Price of
transformer
Lt/kW
9520
8600
6600

System's
price
Lt/kW
59 200
51 600
48 000

Whole
system's
price
Lt
118 120
258 240
962 352

Annual
energy
production
kWh/year
2200
5500
22 000

Exploitatian
expenses
Lt/year
1180
2584
9624

Price of
produce
d energy
Lt/kWh
4,12
3,60
3,36

These tables show that most suitable for Lithuanian energy system are passive
solar systems, because profit is higher than minimal credit's interest (7%). The
price of kWh produced by such systems is lower than price of electricity. Price of

heat and gas will inevitably increase. Besides, price of system would be lower if it
will be constructed individually.
4.6. Wind
The first windmills were constructed in Lithuania in the 14thcentury on the Baltic
Sea coast. In the 19thcentury windmills were widely spread on the whole territory
of Lithuania. The number of windmills in the second part of the 19thcentury was
200, in the year 1921

- close

to 1000. Unfortunately,

most of these windmills were

abandoned after the 2ndWorld War. At present, only two Lithuanian companiesVejas Ltd. and Jegaine Ltd. - are working in this area, and from the year 1990
they started to construct wind power stations. (Ref. 43)
The quantity of energy, produced by wind power station, is dependent on the
area's topographic conditions (i.e., the relief of surface, buildings, trees, forests,
situated on this area, etc.). It is very important to evaluate these conditions white
calculating wind power plant potential. Relative wind potential is highest on the
water surface (100%), lowest

- on

the densely built or wooded area (30%). (Ref.

43)
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of wind velocities in Lithuania

on 10 meters height from Earth surfare

The speed of wind also changes during the day and the year. Wind is more
variable in the summer. During the summer day, wind is lowest in midnight and
highest at 2 a.m. In winter wind speed is almost constant during the whole day. In
Lithuania highest wind speed is in winter, lowest - in summer. The distribution of
wind velocities in Lithuania on 10 meters height from Earth surface is presented
on tig. 7. When wind velocities are known, it is possible to calculate wind energy
potentials in different regions (table 18). (Ref. 43)
~~

As Olle can see from fig. 7 and table 18, the costal zone has the highest wind
energy potential, lowest potential is in East and Southeast Lithuania. In many
Lithuania's regions wind velocities are not very high. The construction of high
power windmills is possible only on the costal zone. In other regions low power
windmills can be constructed.
Economic factors also play important fales while choosing the tyre of windmill.
Approximate economic data for windmills' construction and exploitation is
presented in table 19 (1994 rear prices).
Table

19. Approximate

The power
of windmill,
kW
33
80
250
300
500

,
The height
of axis, ID

22,5
40
30
35
40

economic
Wind
velocity,
m/s

5,7
6,2
5,9
6,0
6,2

data

for windmills'

Energy
production,
kWh!vr
62 000
217000
389000
606 000
895 000

construction

Installed
kW price,
Lt/kW

The price
of
windmill,
Lt
427 216
783 920
1 587 472
2 052 988
3 530 824

12 944
9424
6348
6844
7060

and

Exploitation
expenses,
Ltfyr
2588
3768
7060
14116
17 656

The average energy production capacity of Olle windmill is approximately 1 GWh.
If we assume that 150 windmills will be used in Lithuania, it means that the
potential of wind energy is 150 GWh.
The price of 1 installed kW and exploitation expenses for flrst rear to produce 1
kWh of energy are lowest for 250 kW windmills. The higher is size and power, the
higher is price of windmill. On the other hand, price of installed kW usually
becomes lower. The annual exploitation expenses of windmill are lower than the
same power heating plant.
In Lithuania, when average wind velocity is 5 m/s in 10 meters height from Earth
surface, using 250-300 kW power windmills, the price of their produced energy
will be 10,3 cnt/kWh, while energy produced by Lithuanian Electric Power Station
costs 9,5 cnt/kWh, Ignalina Nuclear Power
Hydropower Plant - 0,18cnt/kWh.(Ref. 43)

Plant

-

5,6 cnt/kWh,

Kaunas

The development of a wind power plants requires big investments. These
investments could be covered by bank credits, govemment and foreign
organisations support. At present, it is necessary to construct pilot wind power
plants, test them in Lithuania's conditions, train specialists. In the future, it would
be betteT to produce windmills in Lithuania, because they will be 30% cheaper,
than windmills produced in other countries, where labour is more expensive.
""lA

From an environmental point of view, the lise of windmills is Olle of the
"cleanest" ways of energy production. There are no emissions from windmills, hut
due to their big size, windmills can visually change landscape and cause noise.

4.7. Geothermal energy
Geothermal energy is used for different purposes in the world, such as electricity
production, heat production, in agriculture, for different industri al technologies.
The temperature of geothermal energy sources determines the area of lise: 200400°C is suitable for electricity production, 150-200°C - for electricity production
and drying, 1O0-150°C - for electricity production, heating, vaporisation and in
food industry, 40-120°C - for heating and hot water, 20-90°C - for agriculture, and
20-40°C - for swimming pools and fish nursing-ponds. (Ref. 44)
In the Western part of Lithuania there are SOfie geothermal water resources.
Their density varies from 0.046 to 0.105 GWh/m2 (Klaipeda, Silale, Silute, Nida).
The thickness of integrating layer is 6 km. Geothermal gradient reaches
4°C/100m, heat stream - 90 mW/m2 (while in the European part of Russia,
Scandinavia and Poland average is 46 mW/m2). The rest part of Lithuania is also
perspective for the production of low temperature geothermal energy. Total
perspective geothermal area accounts for about 80% of whole Lithuania's
territory (Ref. 44).
In the Southwest part of Lithuania water temperature reaches 37°C. This energy
could be used for agriculture, and swimming pools. In the Western and Central
parts of Lithuania water temperature varies from 46.5 to 57°c. Energy is suitable
for heating, hot water, agriculture. There are some places, where water
temperature is 92-95°c. This energy could also be used for heating and hot water
production.
There is also quite big number of underground water layers where temperature is
7-20°c. (Ref. 22). Water layers with low potential could be used as underground
heat accumulators and geothermal power plants. The construction of geothermal
power plant requires three conditions: an energy source, a consumer and a
financing source. Lithuania

can only satisfy first two conditions

-

higher or lower

geothermal energy potential and a lot of small and big energy consumers. The
third conditions (financing) is problematic and should be solved for the concrete
situation.
The attractive aspects of using these resources are reduced by number of features,
such as high salinity, relatively low temperatures and the large investment costs
needed to lise the geothermal water. Scientists of the Geological Service of
Lithuania have estimated the technically harnessable energy potential to be SOfie
8 TWh/year, hut duo to different reasons only about 10% (800 GWh) is available
for energy production (Ref. 4).
,.,~

5. The summarisation of study results and discussion
5.1. Which alternative energy source is most suitable for Lithuania?
Three main criteria are used in order to decide which alternative energy source is
most suitable for Lithuania: the potential of energy source, expected energy prices
and environmental impact. Table 20 shows these criteria for different energy
sources.
Table 2tf. The potential of energy source, expected energy prices and
environmental impacts of theoretically possible alternative energy sources in
Lithuania.
Energy source
1. Biomass
2. Biogas
3. Municipal waste
4. Hydropower

Potential
(TWh)
11.5 - eleet
12 - heat
1.12 - heat
0.6 - heat
3.6 - e1eet.

5. Solar energy

3.8 - heat

6. Wind energy

0.15 - e1eet.

7. Geothermal enerro'

0.8 - heat

Energy price
LttkWh
0.058-0.228

-

0.0018 (Kaunas
HPP)
0.17-1.0 (aetive
water heating);
0.08 (passive
build. heating);
3.36-4.12 (PV)
0.103 (250-300
kW windmills)

-

Environmental impaet
Atmosphere pollution.
Atmosphere pollution
Atmosphere pollution.
Use of land; barrier for fish migration.
No effeets.

Noise; barrier for birds.
Affeets

ound water and soil

Table 20 helps to make a camparison between different types of alternative
energy sources and ehoase the most suitable for Lithuania. Olle of the most
important things is energy potential. The largest amount of energy can be
produced from biomass (11.5 TWh of electricity and 12 lWh of heat), solar
energy (3.8lWh of heat), hydropower plants (3.6lWh of electricity) and biogas
(1120 GWh of heat). Geothermal energy potential is 800 GWh of heat per year.
Municipal waste and wind energy potentials are respectively 581.5 GWh of heat
and 150 GWh of electricity.
The price of 1 kWh of energy depends on what equipment is used for energy
productian. Cheapest is hydropower, biomass and wind energy (0.0018-0.228
Lt/kWh). These prices do not inc1ude the rosts of new plants' construction,
therefore, energy price will be higher. Prices for solar energy varies depending on
the type of system. The price for energy produced by active water heating system
varies from 0.17 to 1.0 Lt/kWh; the cheapest is energy produced by passive
building heating system. Photo-voltaic energy systems are most expensive,
therefore price for energy reaches 3.36-4.12 Lt/kWh.

5This table is based on the analysis of following literature sources (see References):
'lIC:.

4, 7, 35, 38-45

Prices for municipal waste, biogas and geothermal energy were not founded. Very
likely, municipal waste and biogas energy prices will not be very high and suppose
to be similar. However, geothermal energy is quite expensive and this is Olle of the
main barriers for geothermal energy production.
The third criterion is the environmental impact caused by energy production.
Most environmentally friendly is solar and wind energy production. Windmills can
cause noise and change the landscape, but this impact is insignificant compare to
other energy sources. Biomass, biogas and municipal waste energy production is a
main source of atmosphere pollution. The problem of atmosphere pollution can
be solved by the introduction of air cleaning equipment in energy production
objects. Hydropower dams cause flooding of arable land and are the main barrier
for fish migration. In order to avoid the second problem, it is necessary to
construct channels in hydropower plants' dams and this would let fish migrate.
The main advantage of alternative energy sources is the reduction of SOl and
COz emissions. Besides, the use of non-renewable energy sources will decrease.
This analysis shows that for Lithuania from technical (potential) and economical
points of view biomass and hydropower are most suitable as alternative energy
sources. These sources can be used in all regions. The use of other presented
energy sources is also possible, but only on the locallevel or in SOfie Lithuania' s
regions where the potential of these energy sources is highest in the country.

5.2. Energy balance
In order to prove the hypothesis of this work, the simple calculations of present
and future energy balances were made. The results of these calculations are
presented in table 21. Energy balance can be calculated using simple equation:
O

% = EP - (EC + EE)
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Here EB - energy balance; EP - energy production; EC - energy consumption;
EE - energy export.
Table 21. Energy balanc~_(TWh)
Present
Energy production
Energy consumption
Export
Encrgy baJance

Future
Heat
20
20
-

Electricity
16.8
6.6
10.2

O

O

Electricity
15
11

Heat
18
22

+4

-4

The energy balance for present situation was calculated using data from tables 13. The situation with future energy balance is more complicated. As was
mentioned before, two main scenarios are predicted for Lithuania's future
economic situation (part 3.1.). Energy demand is expecting to grow, but this
,..,..,

growth depends on the economic situation. The ca1culations of energy balance
were made using the assumption that Lithuania's economy will develop under the
slow economic growth scenario and energy prices will gradually increase up to 60
cents/kWh. In this cage about 11 TWh of e1ectricity and 22 TWh of heat would be
used in Lithuania annually. Energy would be produced using alternative energy
sources. Using biomass, hydropower and wind energy about 15 TWh of e1ectricity
would be produced. The potential of heat production from biomass, biogas,
municipal waste, solar and geothermal energy is about 18 TWh. As Olle can see
from table 21, the production of e1ectricity would be higher than e1ectricity
consumption. E1ectricity surplus could be used for building heating since there is
a deficiency in heat balance.
These calculations help to prove the hypothesis that there is enough potential of
alternative energy sources in Lithuania to produce required amount of e1ectricity
and heat.
Theoretically, a sustainable energy system in Lithuania is possible. Unfortunately,
it is very difficult to achieve this sustainability in practice. As was mentioned in
earlier parts, a big discussion about the closure of Ignalina Nuclear Power Plant is
taking place. Lithuania is planning to become a member of the European Union
and the closure of Ignalina NPP is Olle of the main conditions held for Lithuania
by the European Union Parliament. It is very important to point out that if
Lithuania will change it' s energy system, energy prices will rise up to 60
cents/kWh, while present average energy price is 0,18 Lt/kWh. High energy prices
can be a big problem for Lithuania's energy consumers. Therefore, if it will be
decided to change Lithuania's energy system to sustainable Olle, Lithuania's
Government should think about the policy of energy prices. They could increase
prices step by step and subsidise these prices in the future. Besides, the lise of
alternative energy sources (biomass, biogas, municipal waste) would be a source
of atmospheric pollution. Therefore, it is necessary to lise very efficient and quite
expensive air cleaning equipment. The closure of Ignalina NPP and all changes in
Lithuania's energy system require big investments and Lithuania will not be able
to manage without the help from other countries.
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6. Conclusions
The following conc1usions can be drawn:
./ The present situation in Lithuania's energy system is not satisfactory.
Lithuania is highly reliable on nuc1ear power, existing energy generating plants
do not lise all power capacity, produced energy is not used in efficient war.
./ Two scenarios are predicted for Lithuania's economy development: slow
growth scenario and fast growth scenario. The forecast of future energy
demand shows, that by 2015 under the fast growth scenario 40540 GWh of
energy (15230 GWh of e1ectricity and 25310 GWh of heat) will be used. Under
the slow growth scenario 32040 GWh of energy (10710 GWh of,electricity and
21330 GWh of heat) will be used.
./ A lot of debates about the future of Ignalina Nuc1ear Power Plant are taking
place. However, the sustainable energy system should avoid heavy reliance on
nuc1ear power. Therefore, Ignalina Nuc1ear Power Plant should be c1osed in
the near future.
./ Low energy prices and no incentives for energy saving were the main reasons
for inefficient energy lise. The situation is changing now. Energy prices are
liberalised, therefore, energy consumers are more interested to lise energy in a
more efficient war. By the introduction of energy saving measures it is
possible to save 25-30 % of currently consumed energy.
./ There is a possibility to lise alternative energy sour~es in Lithuania. The
highest potential have biomass and hydropower. 11.5 TWh of e1ectricity and
12 TWh of heat could be produced from biomass at the ca-generation plants.
The potential of biogas, municipal waste, solar, wind and geothermal energy is
lower, but it is possible to lise these energy sources in the regions where their
potential is highest. Hydropower, biornass and wind energy is cheapest. The
lise of other energy sources can increase energy price. Suggested energy
sources can also be a source of environment pollution, but this problem can be
solved by the introduction of modern air c1eaning equipment.
./ The lise of alternative energy sources would decrease the emissions of SOl
and COz. It would also lead to the significant decrease of the lise of nonrenewable energy sources for the e1ectricity and heat production. Nonrenewable energy sources would be used only for transport and in the future
will be replaced by sustainable fuels.
./ Theoretically Lithuania can survive without Ignalina Nuc1ear Power Plant, but
this requires big investments to research, energy efficiency improvement and
other changes in current Lithuania's energy system. Lithuania will not be able
to manage this itself. Therefore, help from neighbouring countries is
necessary.
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