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Northern Europe and Lithuania are in the climatic conditions that make artificial
heating necessary during more than half of a year. Large amounts of different fuels
are used for production and supply of heat energy. Fossil fuels are nowadays pre-
dominant in the heat sector of Lithuania. The country has no fossil fuel resources,
therefore they are imported, mainly from Russia. However, the bio-fuel resources in
Lithuania seem to be large enough to cover a significant part of the country’s heat
demand. The combustion of fossil fuels causes major environmental problems both
locally (by emitting sulphur dioxide and nitrogen oxides) and globally (by emitting
carbon dioxide and other greenhouse gases). Biomass is a carbon-neutral and low-
sulphur energy source. Furthermore, utilisation of a local and renewable energy
source is a way towards energy security and the major prerequisite for sustainable
development. Bio-fuel can be successfully utilised in district heating (DH) systems.
As a part of the urban infrastructure, DH is the most efficient and secure system
for the production and supply of heat. The modernisation of DH systems and using
bio-fuel is an obvious way towards sustainable heat energy production in Lithuania.
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1. INTRODUCTION
Bio-fuels and the environment

In the European Union, a recent White Paper on
Renewable Energy proposed that Europe could
double its renewable energy contribution from 6%
today to 12% by 2010. This would substantially help
meeting the Kyoto Protocol targets [7].

In June 12, 1995 Lithuania signed the Treaty of
Associate Membership to the European Union and
is aiming to become a full and equal member of
the European Union. One of the preconditions for
the membership is the conformity of environment
policy and relevant laws to the legal forms in use of
European Union documentation [15].

The share of renewable energy in the total Lithua-
nian energy balance now reaches 8.5% [4].

In 1992 Lithuania signed the UN Framework Con-
vention on climate Change (FCCC) and ratified it in
1995. In 1998 Lithuania signed the Kyoto Protocol,
committing itself to a reduction in GHG emissions of
8% by 2008-2012 from the base of 1990. CO, emis-
sions in Lithuania decreased from 41.6 Mtonnes in
1990 to 19.2 Mtonnes in 1998. This is essentially the
result of an economical recession due to the transition
from centralized planning to market economy [5].
Therefore it is obvious that with the current economic
growth the CO, emissions will be increasing.
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District Heating in Europe and Lithuania

District heating (DH) is supplied to 22 million pe-
ople in the EU-15, or 6% of its population. A Eu-
ropean Union, enlarged to 26 countries, would bring
these figures up to 56 million, or 12% of the en-
larged Union [6].

A very important benefit of DH is that it provi-
des a possibility to use different sorts of fuels. The
DH technology in the EU is becoming increasingly
“green”. In the period 1994-1999, a strong shift away
from the use of coal and oil took place; the use of
coal for DH decreased by 30% and gave way to
natural gas as the predominant fuel. During the same
period the use of renewable fuels grew strongly.
Renewable sources account for almost half of the
supply in Sweden [6].

After regaining its independence in 1990 Lithu-
ania inherited a widely developed but inefficient DH
sector, which was not designed for operation under
free market conditions. The DH sector was an inse-
parable part of urban planning in the former plan-
ning economy. Approx. 70% of the urban popula-
tion in Lithuania receives heat from DH systems.
The DH share in the Lithuanian heat market rea-
ches 65% (for comparison: Denmark — 58%, Fin-
land — 50%, Sweden — 42%) [11]. The predominant
fuels are oil and natural gas (usually there are tech-
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nical possibilities to use both kinds of fuels) [11].
Renewable energy sources, particularly wood fuel,
are being introduced in the Lithuanian DH sector.
The sector itself however, faces certain technical and
economical problems, primarily due to Lithuania’s
transition from planned to market economy. Chang-
ing economical conditions and increasing fuel prices
have led to a significant decrease in heat consump-
tion. During the years 1990-2000 it decreased more
than 50% [14].

2. OBJECTIVE

The objective of this study is to analyse the use of
bio-fuel in district heating systems in Lithuania. By
looking at the general renewable energy situation in
the country and via analysis of recently implemented
project in the Ignalina municipality certain conclu-
sions and perspectives are being drawn. The kind of
bio-fuel analysed is wood fuel. The major scope of
the study is to analyse the political economical, so-
cial and environmental aspects of using wood fuel
in DH systems in Lithuania and evaluate their cor-
respondence to sustainable development.

3. METHODOLOGY

The Causal Loop Diagram (Fig. 1) is constructed in
order to establish the key links between the analy-
sed bio-fuelled DH system, economy, society and
the environment. It is being used as the basic tool
for the further analysis.

Biomass-based DH significantly reduces energy
costs, reduces emission of hazardous pollutants to
the atmosphere, thus gradually positively influencing
both the local and the global environment. Biomass
is produced locally and is therefore a stable and
secure energy supply, what cannot be said about
imported oil products. Biomass-based energy supply
also provides new labour places in the stage of fuel
preparation, transportation and production of utili-
zation equipment. From the social perspective it is
a very important benefit, especially in countries with
a transitional economy.
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Fig. 1. Causal loop diagram

4. MATERIAL AND DATA

The analysis of national energy legislation, national
energy statistics, and scientific articles as well as the
interviews with the representatives from the Minist-
ries of Economy and Environment, scientific institu-
tions and associations were used to carry out the
study of national issues.

The case of the Ignalina bio-fuel DH project is
covered by the analysis of the company’s annual re-
ports, information from technical consultants of the
project and by the field visits to the company and
the municipality.

5. HEAT ENERGY PRODUCTION IN LITHUANIA

Heat energy in Lithuania is produced in Combined
Heat and Power (CHP) plants, boiler plants and
the industrial utilization equipment. Table 1 shows
the heat energy production in Lithuania by sources.

Table 2 presents the fuel sources used for heat
energy production. The indigenous fuels are peat,

Table 1. Heat energy production in Lithuania 1996-2000
(TWh/yr)

Power Boiler In.d.ustr.ial
Year plants utilization Total
(CHP) plants equipment
1996 8.1 13 1.5 22.6
1997 7.3 11.7 1.8 20.8
1998 7.3 10.7 2.1 20.1
1999 6.1 8.1 2 16.2
2000 5.2 6.3 22 13.7

Source: Energy Balance, 2001.

Table 2. Fuel use in CHP and boiler plants in 2000
(TWh/yr)

Hard coal 0.0814
Peat 0.0209
Firewood 0.0337
Other primary solid fuel 0.2942
Natural gas 13.038
Orimulsion 0.1826
Crude light oil 0.0023
Crude oil 0.0267
Heavy fuel oil-low sulphur 0.2093
Heavy fuel oil-high sulphur 3.946
Light fuel oil 0.0058
Diesel oil 0.0105
Liquified petroleum gases 0.014
Other petroleum products 0.0012
Total 17.87

Source: Energy Balance, 2001.
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firewood and other primary solid fuels (sawdust, wo-
odchips, etc.) Their contribution is only around 2%
of total inputs in CHP and boiler plants. Other sour-
ces are imported. This proves the fact that the heat
energy production in Lithuania is heavily dependent
on the imported fossil fuels.

6. WOOD FUEL RESOURCES IN LITHUANIA

The figures on the potential wood fuel resources in
the country differ according to different sources. The
estimation is significantly complicated by the ongoing
land reform in Lithuania. The hard discussions in-
volving both Lithuanian and foreign experts are in
the process. However, the most optimistic total ap-
proximate estimations reach 4.5-5 mill.m* annually
[12] (Table 3).

Table 3. Approximate total annual wood fuel resources
in Lithuania

Firewood, mill. m? 1.3
Forest logging residues, mill. m® 0.8
Pre-commercial thinning, mill. m? 1.2
Processing industry residues, mill. m? 1.6
Total, mill. m? 4.9
Possible heat energy generation®, TWh 9.8

Source: LSWFDP, 2000.

*It is assumed that 1 m® of wood fuel gives approx.
2 MWh of heat energy.

7. WOOD FUEL USE IN LITHUANIA
General overview

Wood fuel is the most widely used renewable ener-
gy source in Lithuania. During the last decade wood
fuel utilization in Lithuania has been increasing ra-
pidly. At the moment, the households in rural areas
use the major part of wood fuel in the form of
firewood. The share of firewood in the total wood
fuel balance is around 90%. The gross consumption
of wood chips and sawdust is around 0.9 TWh [3],
whilst the potential mentioned in Table 3 is around
3.2 TWh. It means that only 28% of the potential
is utilized. At present, the total capacity of wood-
chip-fuelled boilers has reached 150-165 MW [13].

Currently the wood fuel to DH plants comes
from woodwork industries. It is cheap, as prepara-
tion costs are not counted. Thus, when the fuel is
collected directly from the forest, its costs increase
significantly. The costs for fuel from forest are
depending on the efficiency of the processing of
forest residuals to fuel. Today there is no developed
infrastructure for the production of this kind of wood
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fuel, but it has started with smaller companies work-
ing in this area, and the Swedish National Energy
Administration (STEM) is supporting the study “Po-
tential for Bio Fuel Use in Lithuania” [12]. The
aim of the study is to elucidate the costs of fuel by
modern methods and also to define the potential.
Depending on the market and the development of
the infrastructure, the share of fuel coming directly
from the forest might increase in the future.

EAES programme

A significant increase of wood fuel utilisation was
also a result of the Swedish Programme for an En-
vironmentally Adapted Energy System (EAES) in
the Baltic region and Eastern Europe. The program-
me is managed by STEM. The aim of the program-
me is to improve the energy systems in the Baltic
region and Eastern Europe through energy efficien-
cy measures and the use of renewable energy sour-
ces. There are 10 projects implemented within the
framework of this programme, including the Ignali-
na project [13].

8. THE IGNALINA BIO-FUEL (DH) PROJECT
General technical description of the project

Heat production in Ignalina DH Company was ear-
lier based on 40% light oil and 60% heavy oil
(mazout). A wood fired boiler of 6 MW has been
installed in the new boiler house. It will cover the
base load demand for the heat and hot water.
Mazout is still being used in the boiler house for
peak load and as a reserve capacity. Expected tech-
nical lifetime is 25 years which means that the plant
is expected to be in operation till 2023 [1].
The plant was commissioned in March 1999.

The effects of Ignalina project

The effects are presented by analysing the parame-
ters of three recent years of boiler plant operation:
1998, when bio-fuel was not used, 1999 when a bio-
fuel boiler was commissioned, and 2000 when bio-
fuel covered base load demand for heat and hot
water production. Table 4 describes the fuels used
during 1998-2000.

Table 4. Fuel used (tons of conditional fuel)

Mazout Light oil Bio-fuel Total
1998 3108 2172 0 5280
1999 2584 920 1592 5096
2000 819 1 3916 4736

Source: Ignalina District Heating.
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The bio-fuel used was sawdust and wood chips
coming from woodwork industries in the municipa-
lity area. Sawdust comes directly from sawmills (ap-
prox. 10% of the total wood fuel used), whilst third
companies that own chipping equipment provide
wood chips (approx. 90%). Wood chips are chipped
from the wood scrap that accumulates in the muni-
cipality sawmills.

Economical effects

The calculations show that the expenses of heat ener-
gy production in the company decreased from 4291
thous. LTL to 3155 thous. LTL or by 26.5% during
years 1998-2000 (1 LTL = 0.25 USD). The percen-
tage of fuel costs in total heat production expenses
dropped from 47.6% (1998) to 21.4% (2000).

Total heat energy production costs per unit of
output decreased by 20.49 LTL/MWh or by 17.7%
(Fig. 2).

Total heat production costs
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Fig. 2. Total heat production costs

During the years 1998-2000 the heat tariff for
consumers was 108.8 LTL/MWh [8]. The tariff was
set by the Ignalina DH Company and approved by
the National Control Commission for Prices and
Energy. As Fig. 2 shows, the price fully covered
heat production costs in years 1999 and 2000.

Light fuel oil and heavy fuel oil are imported
from outside, and bio-fuel is produced locally. Ex-
penses for fuel import during years 1998-2000 dec-
reased by (93.4%) (Fig. 3).

Cash flow for fuel import
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Fig. 3. Sach flow for fuel import

1,908,000 LTL remained in the municipality due
to avoided fuel import.

Environmental effects

The reduction of fossil fuel concumption resulted in
significant changes of emissions of certain hazardous
pollutants. The emissionss howed in Fig. 4 are mo-
nitored and recorded according to the national le-
gislation document LAND 12-98.
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Fig. 4. Measure emissions per unit of output. Source: Ig-
nalina District Heating

The most significant reduction of SO, has been
achieved. The results are quite unfavourable regar-
ding CO emissions. According to provided data, CO
emissions increased from 51.74 to 132.05 t/year du-
ring years 1998-2000, while the designed annual
emissions in 1999-2000 were around 63 t/year [2].
This can be explained as a result of certain techni-
cal imperfections, as well as measurement technolo-
gy peculiarities.

CO, emissions are calculated according to IPCC
(Intergovernmental Panel on Climate Change) re-
commendations [16] and presented in Fig. 5. Bio-
fuel is considered as a CO,-neutral fuel.

Wood fuel directly from the forest was not sup-
plied during the study period; therefore there were
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Fig. 5. Calculated CO, emissions per unit of output
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no direct effects on the environment such as a dec-
rease of soil fertility due to extraction of biomass.
As a benefit should be mentioned the use of the
sawdust in the boiler, because otherwise it would
have been exposed to the landfills and during the
process of decomposition release methane.

A major part of ash accumulated from the com-
bustion of bio-fuel was utilised by neighbouring gar-
deners as a fertiliser. Some portions were also brought
to different forest sites. However, there is no consis-
tent system for ash returning to the forest [9].

Considering the forest area per capita in the mu-
nicipality (1.4 ha, average in Lithuania 0.54 ha) and
the mean gross annual increment of growing stock
(5.8 m’/ha), the mean gross annual increment per
capita will be 8.1 m’, or in energy units — 16.2 MWh.
As the average residential heat energy consumption
in Lithuania is 3.2 MWh/capita (year 2000), the he-
at energy needs of the municipality might be cove-
red by 20% of mean gross annual increment of gro-
wing stock.

Social effects

Most significant reductions were exhibited by SO,
and NO_. The concentrations of these pollutants in
the atmosphere have negative impacts on human he-
alth. Obviously, it is too early to estimate the effect
of the project on the health of the inhabitants, but
later on such an analysis could be done.

There is a general assumption made both by the
Lithuanian Ministry of Economy and the foreign ex-
perts that installed 1 MW bio-fuel capacity-employs
2 extra people [10]. Considering 6 MW installed in
the Ignalina boiler house, it should have created 12
extra labour places in the area. Thus, practically it
is very complicated to evaluate the exact number of
created new jobs. Some shifts were typically obser-
ved. As the most labour consuming the fuel produc-
tion (chipping) chain should be mentioned.

9. CONCLUSIONS AND DISCUSSION
The Ignalina case in a national perspective

Regional distribution is quite strong in Lithuania,
as there are no extremely big concentrations of po-
pulation in one area. This is an important prerequi-
site for the implementation of bio-fuel projects. The-
refore, by analyzing the Ignalina case certain gene-
ral conclusions valid for many municipalities in the
provinces of Lithuania might be drawn.

The possibilities for using bio-fuel from the re-
source point of view are really good. The technical
potential is also good, as the DH systems are usu-
ally installed in every municipality. Typically, the po-
orest state of DH systems and gradually higher heat
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energy costs prevail in smaller municipalities. The
population incomes in these areas are lower than in
larger ones, therefore the heat energy issues are of
crucial importance. On the other hand, the possibi-
lities of using bio-fuel are most favourable, as due
to the lower heat value of bio-fuel the transporta-
tion and supply problems would not be as impor-
tant as in big cities. Furthermore, the generally
poorer social situation in these areas will be im-
proved.

DH and bio-fuels — a sustainable combination

The DH system is an integral part of the urban
infrastructure, providing the possibilities for the most
efficient and secure production and supply of heat.
Bio-fuel as the local and renewable energy source is
the best choice both from the environmental and
socio-economical point of view. Therefore the reno-
vation of DH systems and bio-fuel projects should
come in line. In other words, the renovation of DH
systems can offer an opportunity for the bio-fuel to
be used. The Lithuanian National Energy Strategy
supports the development of DH and the renewab-
les. However, when it comes to the implementation
of the strategic guidelines, lack of consistent long-
term political and economical decisions becomes evi-
dent.

Without a developed infrastructure of indigenous
fuel production and utilization the production costs
are high. The reduction of taxes (especially VAT),
providing grants, subsides, state guarantees for the
loans for bio-fuel projects are the crucial promotion
measures. The implementation of Polluter Pays Prin-
ciple, and the introduction of Carbon Tax in the
long run would obviously create a good economical
environment for renewable energy.

Finishing of the land reform and clarifying the
resources of bio-fuel, especially on a local (regio-
nal) level, is another important policy issue to be
addressed. First of all, attempts should be directed
to use woodwork industry residues, as only around
28% of the total potential is now utilised.

The Heat Law of the Republic of Lithuania is
still under preparation. The adoption of this law is
necessary to provide the consistent legal grounds for
the rehabilitation and the development of the DH
systems.
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BIOKURO NAUDOJIMAS LIETUVOS SILUMOS
UKYJE
Santrauka

Del esamy klimato salygy Sildymo sezonas Lietuvoje tesia-
si ilgiau nei puse mety. Silumai pagaminti naudojami di-
deli jvairiy rasiy kuro kiekiai. Siuo metu vyrauja iskastinis
kuras. Lietuva Sio kuro iStekliy praktiskai neturi, todel jie
importuojami i§ uzsienio, daugiausia i§ Rusijos. Taciau Lie-
tuvoje yra pakankamai dideli biokuro (medienos atlieky,
Siaudy ir kt.) istekliai, kuriuos panaudojus bty galima pa-
tenkinti Zenklig Salies Silumos poreikiy dalj.

I8kastinio kuro deginimas sukelia daug aplinkos proble-
muy tiek vietiniu (iSskiriant sieros dioksida, azoto oksidus ir
kt.), tiek globaliu (iSskiriant anglies dioksida bei kitas ,,Silt-
namio efekto“ dujas) mastu.

Biomasé¢ — tai ekologiSkai Svarus vietinis kuras. Jo sudé-
tyje praktiskai néra sieros, o degimo metu iSsiskyres anglies
dioksidas yra nattiralaus anglies dioksido ciklo dalis, t. y. jis
absorbuojamas augmenijos ir fotosintezes procese pavercia-
mas deguonimi. Be to, naudojant vietinj atsinaujinantj ener-
gijos $altinj yra uZztikrinamas patikimas ir nepertraukiamas
energijos tiekimas bei einama subalansuotos plétros link.

Straipsnyje nagrinéjami biokuro naudojimo Silumai ga-
minti centrinio $ilumos tiekimo (CST) sistemose klausimai.
CST yra neatsicjama miesto infrastruktaros dalis, galinti lai-
duoti efektyviausia, saugiausia Silumos gamyba bei tiekima.
CST plétra bei biokuro panaudojimas yra Zingsnis subalan-
suotos plétros link tiek aplinkos, tiek socialiniu ir ekono-
miniu pozitriais.

Raktazodziai: biokuras, centrinis Silumos tiekimas, tar-
Sa, klimato kaita, pereinamojo laikotarpio ekonomika, su-
balansuota plétra, Lietuva

KOo3ac AbapaBuuroc

NCITOJBb30BAHUE BUOTOILJINBA B
MNPON3BOACTBE TEIUVIOOHEPTUM B JIUTBE

Pesowme

KimmaTtnueckue ycnoBust JINTBBI 00yCIOBINBAIOT HEOO-
XOJUMOCTh 0oJiee MOJIyrofa HCIONIb30BaTh OTOILIEHUE.
Jns TpOou3BOJCTBA U TETUIOCHAOKEHHST MCIIOIB3YIOTCS
3HAYUTEIbHBIE KOJMYECTBA PA3TUYHBIX BUOB TOILIMBA.
Ha nmanHBIil MOMEHT B ceKTOpe TerytocHaOxeHus B JInt-
Be mpeoOjamaeT HCIOJb30BaHUE HCKOMAEMBIX BHIIOB
torumnBa. [Tockonpky JIuTBa He obOiiamaer ux pycypca-
MH, CTpaHa BBIHY)XIEHA UMIOPTUPOBATH TOIUIUBO, B OC-
HOBHOM u3 Poccun. OmHako pecypchl bnoTorumsa (OT-
XOJIbI IPEBECHHBI, COJIOMA U T. 11.) B JINTBE JOCTATOUYHBI
I oOecrieyeHus] 3HAUYUTENbHOM YacTU MOTPEeOHOCTH
rocy1apcTBa B TEINIOOHEPTHH.

CxuraHue UCKOTaeMbIX BUAOB TOIUIMBA MPUBOANT K
3arpsi3HEHUIO OKPYXKAIOLIEH cpelbl KaKk Ha JTOKAJIbHOM
(BBIIETICHMSI IBYOKUCH Cephbl M OKCHJIOB a30Ta), TaK U Ha
rno0anbHOM (3MHUCCHH JIBYOKHCH YIJIEpOJa M IPYIUX
ra3oB, BBI3BIBAIOIINX MAPHUKOBBIA 3(D(PEKT) YPOBHSIX.

Buomacca — 3KOIOTHYECKH YUCTBIM MUCTOYHUK JHEp-
ruu. K ToMy ke MCHosIb30BaHUE MECTHOTO U BO30OHOB-
JISEMOTO UCTOYHHMKA JHEPTUH SIBIISETCS IIarOM Ha MyTH
K YCTOHYMBOMY pa3BUTHIO U JHEPreTHUECKOW He-
3aBUCUMOCTH JIUTBBI.

B cTaTbe aHANMM3UPYIOTCS BOMPOCHI MUCTIOIb30BAHUS
OUOTOIIMBA B CHUCTEMaxX IEHTPAIM30BAHHOTO TEIUIO-
cHabxkeHns. Byayun gacTeio ropoackoit HHGPACTPYKTY-
PbI, CUCTEMBI LIEHTPAIM30BAHHOTO TEIIOCHAOXKEHUS SIB-
TsroTcs Hambomee apdekTuBHBIMU. MoIepHU3aIHSI CHC-
TEM IIEHTPAJTN30BAHHOTO TEIJIOCHAOXKEHUS U UCIIOIb30-
BaHue OMOTOIIMBA, 0€3 COMHEHMS, IIO3BOJISAT JOCTHYD
YCTOWYUBOTO PA3BHUTHS MPOU3BOACTBA TEIUIOIHEPTUU B
JIutse.

KiroueBbie c10Ba: OMOTOIIMBO, LIEHTPATM30BAHHOE
TEIJIOCHAOXKEHUE, IMUCCHH, YKOHOMHKA TMEPEXOTHOTO
nepuoja, U3MEHeHNe KJINMaTa, yCTOWYMBOE Pa3BUTHE,
JIutBa
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