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The results of investigation of wood for fucl in Lithuania and their utilization for cucrgy in historical context arc

presented. During the logging operations duc to specific composition of specics fucl wood including technological wood
for pulping over the past 40 ycars constituted 42-58%. Also before WoW.AL (1927-1937) there was 39.5% and in 1945~
1966 there was 49.5% fucl wood from total removal in state forest.

The goal of this investigation was the current status of wood fucl, its final consumption’s cxpansion at various
sectors of cconomy, its volume and potential resources, the analysis of advantages and disadvantages in utilization. The
rescarch of fucl wood and wood residuous in wood industry its cost and thosc factors that influcnce its range also arc
discussed. The curreat situation and problems of the conversion of boiler~houscs, that arc adjusted to burn wood fuel,
arc surveyed. The legal basis of promoting of the wood fucl consumption’s development, the causcs of incfficicncy of

cnacted legal laws and acts arc analyscd also.

[t is stated that the futurc of wood fucl consumption is rclated with huge potential resources in a forest cultivation
process and also with the rapidly growing wood processing industry.
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Introduction

From time immemorial fuel wood, wood residues
are energy sources in the history of humanity. In
Lithuania it is traditional and mostly widespread local
fuel, which is currently, also widely applied by rural
inhabitants. Statistical data indicate that in 1927, 1937
fuel wood comprised 39.5% of the wood produced in
state forests. Due to intensive development of produc-
tion in the second half of the 20th century industrial
and power plants started widely using organic fuel:
oil products, coal and gas. Apart from the limited
amount of oil, Lithuania, however, has no such resourc-
es. Therefore, after regaining the Independence (1990)
due to higher prices of imported fuel in the local mar-
ket attention was focused on the kinds of local fuel,
its wider use for meeting the demand for energy. The
Swedish Admunistration and Forest Department ren-
dered rather significant help in organizing utilization
of wood for fuel in East Lithuania. A bilateral co—op-
eration project named ,,Swedish Lithuanian Wood Fuel
Development Project” (Manager Lars Andersson) has
identified the present conditions for the utilization of
wood for fuel within several state forest enterprises.
By means of demonstrations in the RokiSkis forest

enterprise the project attracted the attention not only
of the people working in the forestry, energy sectors
and municipalities but also the politicians were inter-
ested in it.

Currently, the European Union enhances to use
more widely local fuel and renewable energy resourc-
es due to climate changes in particular. In the Fifth
Frawework Program project ,,Wood for energy a con-
tribution to the development of sustainable forest
management” (WOOD-EN-MAN) is approved (July,
2001). In the project Denmark (coordinator), Lithuania,
Latvia, Estonia, Finland, Sweden and Norway partici-
pate. For the Baltic countries, particularly for Lithua-
nia, utilization of local fuel is one of the most impor-
tant directions. It would enable us considerably to
decrease the expenditure for imported fuel, improve the
employment of people and socio—economic conditions.
Utilization of local energy resources would ensure more
reliable work of the energy system, its less depend-
ence on fuel import and disturbances of its supply.

Of importance is the aspect of environment pro-
tection. According to UNFCCC activities and the Kyo-
to Protocol it is the commitment of most countries to
reduce GHG emissions 9280. By burning the biomass
the environment is less polluted and by far less harm-
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ful burning products are emitted in comparison to
these by burning oil products and coal. Fuel wood 1s
neutral in terms of carbon dioxide since during burn-
ing the amount of emission of CO, 1s equal to that as-
similated over the period of tree growth.

The objective of investigation

To analyse the resources (fuel wood, log residues
of logging and wood processing) of wood fuel as the
most important local renewable energy source, the
state of its utilization, clarify advantages and disad-
vantages of utilization of this kind of fuel, the fac-
tors influencing the development, the reasons for in-
sufficient influence of legal basis.

Material and methods

The objective of investigation is the dynamics,
the advantages and disadvantages of utilization of
wood fuel for producing energy, which is the main kind
of renewable energy resources in Lithuania. Also
socio—economic effect, political aspects have been
assessed.

In the general national socio—economic develop-
ment context the data on utilization of wood for fuel
in the period 1927-2003 were accumulated and ana-
lysed. The shar: of fuel wood in the gencral wood use
in different historical periods was clarified. Prepara-
tion of fuel wood during thinnings and intermediate
fellings has been analysed. The structure of utiliza-
tion of wood restdues of timber industry, the predic-
tion of fuel wood with respect to scenarios of forest
use for the nearest decades and in perspective were
analysed.

The dynamics of utilization of wood fuel has been
analysed in the general context of the dynamics of the
primary energy sources consumed during the last
decade in Lithuania. In terms of energy the balance
of import—export of wood and its residues over the
last several years has been studied.

The equipment of fuel wood burning and boiler
plant capacities, technologies of burning, the depend-
ence of calorific value of fuel wood on its moisture,
conditional energetic value prices of fuel were analysed.
Energy policy of the state and the significance of lo-
cal fuel for the economy of the country were studied.

In the investigations an analysis of the methods
applied in analogical investigations conducted by
Lithuanian and foreign scientists, specialists, organ-
1zations and institutions has been used. The calorific
capacity of the fuel of wood depending upon the mois-
ture has been calculated according to the formula (19)
applied by L.Dagys and Jarmokas. The quantity of

heat during condensation of vapour in smoke has been
estimated by the method (18) used by P.SvenCianas.
The predicted quantity of wood fuel for long term
perspective has been assessed with the aid of model
,Kupolis® constructed by A.Kuliesis and E. Petrau-
skas.

Results and discussions

General national coniext as a background for

fuel wood consumption

Currently (2002) 33.1% population of Lithuania arc
living in rural areas. Population density is 53.2 inhab-
itants in a square kilometer. For rural inhabitants the
fire wood is the main heating source.

Until 1989 the economy of the Lithuanian Repub-
lic including the forestry sector developed in close
collaboration with all the republics of the former Sovi-
et Unlon. Economic collaboration covered production,
technology, finances, credit and producers coopera-
tion. Lithuania’s industry has been developing at a
greater pace than other branches of the economy. In
the period 19601980 the Lithuanian share in the gross
national product of the former USSR rose from 1.22%
to 1.47%. The Lithuanian Republic ranked fourth for
particle boards and fifth for sawn lumber and paper,
particularly high-grade printing and special paper. From
1,519,000 workers and office employees (1983) occu-
pied in the national economy of the Lithuanian Repub-
lic 20.9% were in agriculture and forestry of whom
189,100 were specialists with higher education and
266,400 with special secondary technical education.
The rate of growth of gross industrial output in for-
estry, wood-products, paper and pulp industries ac-
cording to the existing data (Lithuantia, 1986) could be
characterized as follows (1950=1): 2.4 — as of 1960, 5.8
in 1970, 10.5 in 1980, 11.7 in 1982.

After the collapse of Soviet Union, since 1989
Lithuanian economy has recorded a decrease in the
output in almost all production and non-production
spheres. The decrease in industrial production accel-
erated in 1991 and this trend continued till 1994, The
economic crisis in production has been aggravated by
a rise in fuel consumption prices. Here can be men-
tioned that the socio-economic state of Lithuania was
quite equal to that of Latvia and Estonia. In particular
a decrease has been noted in the production of those
industrial branches which use a large amount of im-
ported materials and power resources. Rapid inflation
has created an increasing lack of finances in enterpris-
es and plants. The production of many products has
diminished to the levels of the 1960s while that of wood

B 2003, Vol. 9, No. 2 (17) I (S5 1392-1355 [

30



BALTIC FORESTRY

I FOREST ENERGY RESOURCES AND THEIR UTILIZATION IN UTHUANIA I . KAIRIUKSTIS, B, JASKELEVICIUS I

processing industry decreased to the level attained at
the beginning of the 1970s. Labour productivity has
reduced and the rhythm of work has deteriorated.

At that time in agriculture the situation became
alarming. The enacted laws appeared to be inadequate
for carrying out agricultural reform. Agricultural en-
terprises were liquidated. The land was imprudently
returned to the owners (this process is not finished,
2003) and the former economic structure was de-
stroyed. Instead of large (1.5-3.0 thousand ha) former
collective farms the average size of a farm became
approximately 15 ha crop area per one farm (2008). As
seen from the Statistical Year book of Lithuania (Lie-
tuvos, 2001), there has been a decrease in grain pro-
duction, which comprises 17%, in milk 45% and in meat
65% as compared with 1990. Unemployment rose 4.4
times. In 1992 there were nearly 250,000 unemployed
workers, while in 2001 the unemployed made up 223
thousand people.

Independent Lithuania has taken resolute steps
in transiting to market cconomy and the first results
appeared in 1994-1995 when GNP started to grow, but
difficulties still arise as in many post-communist coun-
tries. Finally Lithuanian economy after two main falls
in [990-1993 and 1997-1999 is recovering (Table 1).
In the last two years GNP increases 6-8% per year,
unemployment started to decrease, small capital invest-
ment, which was the main bottleneck of the economy
started to increase. Therefore, good conditions have
appeared to form a balanced policy, which will take
account of the environmental demands and the need
for increased wood production, as well as utilization
of marginal wood for energy purpose.

Forest resources ownership and wood removal

Development of the forestry and forest industry
sectors in Lithuania always was and remain an impor-
tant factor for the development of the country econo-
my, for the trade balance and for the welfare of the
people. Despite the previous crisis the situation in the
economy as a whole and basic conditions in the forest
sector remain favourable. There are sufficient forest
resources (the productive forest area consists of 1,938
thous. ha, the growing stock per capita is 0.57 ha and
106 m?, respectively (2002) and can provide the grow-
ing forest industry and growing demand for fuel wood.
The educational level in the forest sector is high, and
the infrastructural facilities are fairly satisfactory. To-
tal growing stock of Lithuanian forests is permanently
increasing: 125 mill. m?* (1948), 198 mill. m* (1973), 334
mitl. m® (1993), and 378 mill. m* (2002). The average rate
of the growing stock per hectare also increases: in 1959
— 104 m*/ha, in 1972 — 145 m%/ha, in 1983 — 175 m*/ha,
in 2001 — 193 m*/ha. The average rate of the growing
stock in mature stands also slightly increases: 219 m?*/
ha — in 1966, 242 m*/ha — in 1978 and 251 m?/ha — in
2001 year. Pine comprises about 37% of the growing
stock, spruce — 24%, birch - 19%, black alder — 6%, asps

5%, grey alder — 4% and other trees — 5%. Total an-
nual increment (u.b.) is estimated 11.9 mill. m?; about
60% of total annual increment is coniferous and the
remaining trees are non coniferous. The average rate
of the annual current increments is 6.1 m*/ha.

Forest area in the future can also be enlarged by
about 400-500 thou. ha due to afforestation of mar-
ginal former agricultural land.

Table 1. General economic state of

1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001

Lithuania (total arca 65.3 thou. Population, thou. 3643 | 3615 | 3588 | 3562 | 3536 | 35121 3476
km?) Labour force, thou. of which employed | 1753 | 1783 | 1774 | 1770 | 1796 | 1791 | 1745

Capital investment at current prices, 916 | 1269 | 1589 | 1979 | 1827 | 1899

mill. EURO

Gross domestic product (GDP), mill. 6918 | 9143 | 11104 | 12450 | 12354 | 13076 | 13892

EURO at current prices

GDP changes, % as compared to the 33 4.7 7.3 51 | =39 38 5.9

previous year at constant prices 1995

Employed in forestry, logging and 16 15 14 i3 11 10 9

related service, thou,

industry, thou.

Employed in paper, wood and furniture | 34.5 | 34.7 | 389 | 3871 | 349 | 381 | 38.2

cconomy (Euros)

Average monthly gross earnings in whole | 139 179 226 270 | 286 | 281 287

Average monthly gross carnings in 84 111 150 175 188 173
agriculture and forestry (Euros)

(Euros)

Average monthly gross earnings in 170 | 208 | 239 | 267 | 269 | 264 | 326
forestry, logging and related service

(Euros)

Average monthly old-age pension 43 55 70 83 90 90 92

*) T EURO=3.4528 Lithuanian Litas
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Forest ownership is rapidly changing. Before
W.W.II (1938) state forests of the Lithuanian Repub-
lic made up 84%, private and others 16%. During the
Soviet time state forests occupled 67% and forests of
collective farms and others 33% (1988) of the forest
area. In 1990, when Lithuania regained its independ-
ence, forest land restitution sturted. In 1997 the Gov-
ernment of the Republic approved the list of forests
(955.5 thou. ha), which would remain state owned. In
the year 2001 private forest fand already amounted to
502.5 thou. ha (24.9%). There are only slight differenc-
es 1n distribution of the growing stock and wood
structure between ownarship sectors. But there are very
significant differences in the size of holdings. There
are 156,3 thou. forest owners. The average size of a
private holding is 3.2 ha while the size of a state for-
est enterprise on average i1s 22.5 thous. ha. Forests
privatisation process still is going on and in nearest
future can reach 33-36% of the whole forest area. The
average size of private forest holding has a tendency
to increase. Cooperation of forest holdings is under-
way, 14 cooperative units are already established. But
this process is hindered duc to mistakes in faws en-
acted in the early 1990s, due to weak organizational
structure of self-governing of private foresters, due
to little attention from state Government and due to
psychological effect. Difficulties in this process also
arose due to distribution of private forest owners by
place of residence: 45% of owners live in cities and
only 55% 1n villages. All these obstacles hinder to
introduce sustainable forcst management in private
forests and also hinder proper utilization of marginal
wood for energy purposcs.

At the same time the restitution and privatisation
of forest land have increased twice the removal of
roundwood and output of processed timber for sale,
especially for export. The annually accepted logging
volume calculated according to the recommendation
and guidelines of scientific organizations approved by
the a:inistry o Environment Forest department who
is responsible for the Forest Act. In the last decade
there was nearly 6 mill. m? and fully provide local wood
processing enterprises with domestic raw material.
According to the forecast of forest growing and al-
ternative (29) use in Lithuania the annual allowable cut
in nearest 30 years can be increased 31% from 6.8 to
8.9 mill. m*/year (including protective forests).

The largest part of wood about 4.5-6.0 mill. m? is
foreseen to be obtained from the final cutting and 2.9~
3.7 mill. m® from the intermediate use. The largest part
of merchantable wood is foreseen to be obtained from
industrial (IV group) and slightly protective (111 group)
forests, which occupy 87% of the forest land.

Fuel wood sources and its potential

Traditionaly by the main sources of fuel wood in
Lithuania were salvage cuttings in private and state
forests because about 57% of all removals by these
cuttings are fuel wood. Different kinds of thinnings
and intermediate cuttings are second fuel wood sourc-
es. According to the data of special analyses of 0.6
mill. m* wood removed from thinnings [31], 76.9% from
the whole tree cut in the thinning operations was fuel
wood, including 7.7% of axe-chop-wood, 10.5% of bush
wood (having demand). Other biomass includes 8.0%
of branch-twigs, which until now have no demand and
about 15% can be considered as industrial wood.

Next firewood source is also the main forest cut-
tings. Among the merchantable wood removed by fi-
nal cuttings the firewood in the future according to
calculation (29) will comprise 1.25—1.5 mill. m* (Table
2). But taking into consideration that 2.0 mill. m* count-
ed as industrial wood will be thinner than 13.5 cm they
can be also used as fuel wood if appropriate prices
are established. Practice of felling in the past corrob-
orated it. During the logging operations due to spe-
cific composition of species (lots of mixed soft-decid-
uous forests) fuel wood (technological wood for pulp-
ing included) over the past 40 years constituted 42—
58% (30). In the middle and northern regions of Lithua-
nia also limited amounts of firewood of white alder
(Alnus incana) managed on short rotation (10 — 15
years) are prepared in private foresis.

Above-mentioned fuel wood obtained {rom the
cuttings is presented in Table 2. Thinnings and inter-
mediate cuttings over the past several years only from
state forests supplied 640-800 thou. m* of fuel wood
yearly. The current amount of fuel wood prepared only
in state forests was 1,547 thou. m’ in the year 2000,

Table 2. Fuel wood supply from diffcrent cuttings in state
forests

1930 [ 1990 [ 1995 11997 [ 1998 | 1999 [ 20000

volume, thou. m’

Plantation and natural 63 16 21 2] S0 20 27

young stands cleaning )

Pre-commercial thinnings 265 263 152 291 | 340 279 | 234 |

Intermedi cnlllin‘:_LT N 216 144 f.l‘) | 07 190 199 176

Logging ru:ilt‘._ucsl‘ 314 | 339 762 634 610 H25 (L7

Fuel wood from final 290 [ 310 | 424 | 424 | 427 | 450 | 443

cutting”! |

Salvage cuttings i 273 394 | B48 | 454 Gl6 485 614
IN TOTAL 1421 | 1466 | 2366 | 2585 | 2572 | 2364 | 2373

" Logging rcsiducs on average calculated 1/3 from total bio-
mass lcfl on cutover and constitute 12.7% from amount of
total removal. Residues unéil now are left on cutover unuscd.
' Fucl wood from final cutting approximaicly constitute 20%
from total final cut.
" On average 57% from normal salvage cuttings arc fircwood
but in 1997 forests were attacked by inscets and percentage of
firewood was much less (~ 30%)
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According to the existing statistics 1.414 mill. m*
of wood was removed from private forests. Practical-
ly 1n private forests wood removal was much more be-
cause permission was given to cut 2.160 mill. m?® of
wood. Taking in to consideration that in state forests
in 1927-1937 there was 39.5%, in 1945-1966 49.5% fire
wood from total removal with some probability can be
calculated that in private forests for the year 2000 at
least 0.9 mill. m* of fuel wood were removed.

Therefore it is possible to conclude that fuel wood
removed from the state and private forests currently
amounts to 2.4-2.6 mill. m*,

Given approved rotation period for different spe-
cies, distribution of stands according to age classes
in the future, functional destination of forests remov-
al of wood from commercial and protective forests (111,
IV group) was calculated for the XXI century and for
the next three decades [29]. The volume of merchant-
able wood (u.b.) to be removed only from 8§6.9% state
and private forests (1.69 mill. ha) in the next decade
already will increase from 6.53 mill. m?/year and in 2021
will reach 8.34 mill. m*/year of merchantable wood
(Table 3). Increasing wood removals in the current and
next decade also will increase the fuel wood supply
from forests. There is preltminary calculation [18] of
the merchantable and unmerchantable wood to be re-
moved in forests of 1l and IV group (Table 4). As seen
from the table, about 42% from removed merchanta-
ble wood is unmerchantable: branches, bark, small
trees, etc. Each year there are about 2.6 mill. m® of the
biomass left on cutovers from which at lcast 30%
(about 0.8 mill. m?) can be used as fuel wood in future

Table 3. Structurc of removable growing stock in 1111V
group of Lithuanian forests

Volume of merchantable wood, mill. m?
Forests Timber Fircewaod  Total B
2001- | 2011= | 2021- | 2001= | 2011= [ 2021~ | 2001~ | 2011~ | 2021
2010 | 2000 | 2030 | 2010 | 2020 1 2030 | 2010 | 2020 | 2030
State 317 | 326 | 350 | 065 | 0.67 I 069 | 382 | 393 | 419
i[l\p(\ﬂil'l(_".' l 1
Privite and| 212 I 290 | 343 | 0.60 | 068 I 072 | 271 | 358 | 415 |
uther ) - |
Total 529 | 6.16 6.93 1.25 135 | 141 | 653 751 8.34

Table 4. Distribution of yearly removable wood by fractions
(1999 - 2008)

L Volume, mill.m?
Index mer- Other parts Stems | Bran-| Unmer-| Mer-
chan- intotal| ches | chan- | ¢chan-
| table table | table
stem | apical, [stumps| bark | totally wood | wood
wood | small
(ub) | stems
Waond inall [lotally 6.200 045 0.13 | 086 147 767 | 111 2.58 R.78
forests instate | 380 | 030 | 008 053] 091 | 471 [0.69 | 160 | 540
forusts
Fuel wood !‘\n:.:'.iy 0o | 008 - (03] s | 1A |03z osa | 7
i all forests|in state | 040 | 0.03 B TSR TR IRTRTTN RTSITR ORI KT
fl'u.’csl‘. { ’

if economical and technological problems will be prop-
erly solved. Therefore most probaly fuel wood sup-
ply in the current decade approximately will increasc
0.29 mill. m* and reach 2.7-2.8 mill. m?*, and in the next
decade 0.34 mill. m® and yearly supply can reach 2.8-
2.9 null. m’.

There are also possibilities to increase fuel wood
from thinnings and intermediate cuttings. Currently, low
intensity of forest management can be compared with
that in 1960-1975. Forest stands grow relatively dense-
ly. Consequently, the fellings generally yield larger vol-
umes of fuel wood with a limited market. This 15 a fac-
tor reducing not only (10-12%) the current increment
of merchantable wood (32) but also reducing profita-
bility of forest management and increasing pressure
to reduce the area of thinning. Such a situation may
in the long term have a negative effect on the econo-
my of the country. Therefore, current forest policy 1s
directed towards an increase in the amount of clean-
ing and commercial thinnings (I and (1) by 30 - 40%
and thinning intensity as well.

In Lithuania there are also 12% (229 thou. ha) of
ecosystem-protecting and recreational (I[ group) for-
ests. At present such forests are excluded from cal-
culations of forest use. In the next two decades lots
of stands will reach maturity with the rate of cuttings
in 1l group and may rnise up to 0.5 = 0.6 mill. m® of
merchantable wood annually including 0.35 — 0.45 mull.
m?® of fuel wood.

l.ue to an increase in the production in wood
processing industry (Table 5) the amount of wood
residues increase. Until now only in large enterprises
1t 15 possible to get reliable information about its uti-
lization. As seen from Table 6, about 16% of residues
is used for production, 9% is taken to duip and the
remaining about 75% 1s used for fuel.

Table 5. Output of the Lithuanian forest industry 1990-2000

Product 1990 ] 1993 ] 1994 | 1995 | 1996 | 1957 | 1998 | 1999 | 2000 |
Sawn timber, 1000 m* T | 699 | ¥40 | 1150 | 1450 | 1150 | 130
| o, 100 m® 206 | 148 | 152 | 145 | 207 | 315
Particle b 000 1763 | 89.6 | 74.9 | 696 | 1103 | 1003
Faber honrd, mill. m? 260 | 124 057 [ 82 | 170 12.3
Cardboard, 1000 ( 100.7 183 97
| Paper, 1000 1 007 140 (136 | 153 | 108
Puper buard, 1000 ¢ 1169] 165 | 75 | 9.

Table 6. Utilization of wood residues (thou. m?*) in Lithua-
nia (1995-2000)

Year Industry For For fucl and | Taken in
residues production other dumps
PUTposes
1995 5045 104.0 309.3 9L.2
1996 666.0 97.7 423.0 1453
1997 675.9 1133 4327 129.9
1998 7102 134.5 501.1 74.6
1999 892.4 119 698.3 82.2
2000 1065.6 172.6 792.8 100.2
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According to information sources (MLEC) there are
1.5 mill. m?® of wood industry waste, from which 0.25
mill, m?® 1s sold to heat generation facilities, 0.25 mill,
m? is used for their own heating purposes, 0.7 mill. m?
1s sold to local inhabitants and 0.2 mill. m"' is used by
the chip industry. In general each year about 1.2 mill.
m?® of wood industry residucs 1s used for fucl and this
amount tends to increase,

The total amount of fuel wood in Lithuania in the
next decade can reach 3.3 — 3.5 mill. m* as culling pro-
duction. But including logging residues (0.6 — 0.8 mill.
m?) and wood industry restdues (1.2 mill. m*) the total
amount of fuel wood in the next couple of decades can
be 4.9 - 5.3 mill. m*.

At present 1t 1s not possibie to make a forecast
of the amount of fuel wood that will come from affor-
ested marginal agricultural land, as it is still unclear
what arca of such land will be afforested. Neverthe-
less, there are the data (29) showing that the forest
area has enlarged: 1,888,000 (1998) and 1,928,000 ha
(2001) and 1,938,000 (2002) or about 12,500 ha/ycar
which provides the additional possibility of increas-
ing fucl wood production at least by 1% yearly.

Altogether wood fucl in the near future can con-
stitute a substantional part of primary energy sour-
ces.

Utilization of Primary energy resources

Since 1990 the structure of primary energy sources
used has considerably changed (Table 7). I'rom 1990
the part of organic fuel decrecased and in the middle
(1996) of the last decade comprised only 62% where-
as the part of nuclear energy increased up to 38% (I).
A large part of nuclear encrgetics 1o the total produc-
tion (in 1996 — 83%, in 1999 72.9%) of electricity con-
ditioned insignificant emission of pollutans. Carbon
dioxide decrcased from 40 mill.t/year (1990) to 18 mill.t
(1995). Oxides of sulphur and nitrogen, volatile organic
compounds and hard particles decreased as well. It
abated pollution of the environment,

Due to the peculiarities of the system and objects
of national energetics, primary energy sourccs, con-
sumed quantities of them are specific. During the last
decad: lgnalina nuclear power plant was of extraordi-
nary importance in supplying electricity for the nation-
al economy. It produces more than 80% of the wholce
electricity and nuclear fuel constitutes 30% ol the
primary energy sources (Figures 1 and 2).

In the balance of fuel and energy among primary
energy sourcces the part of local fuel (other fuels) con-
stantly increased (Figures 1 and 2) over the last peri-
od. These are fuel wood, other primary solid fuel
(waste obtained from logging and wood processing,

Table 7. Main energy indices in Lithuania in 1990-2000

Indices I 1991/1992|1993(1994 1995|1996(1997|1998]1999|2000
Clectricity Production: | TWhH 204187114 Tl 39 es] o[ 1761357114
B Tenalina NP~ | 17.0) 14,01 12.3] 77| 10.8[ 139 120 13.6] 9.9] 84
i-,lcclriul\'l.qmruli J BT PR AR

3| 5.3

feat Praduction | Peal| 03[ 20,5 19 4]19,7{ 1 1,6
Crude Ol i'rovessed Mt K 4,3 S,
Ol P'roducts Export | Mi| 35]-04] 1302 1,0

Primiary fnerpy Mioc| 185311, 94 [ S0 9l |99

Consumption: | ] I, | |
(R4 ) : 12133133 22
Nt 2012224 2
LBl o2l B2y 62 L
Nuclear r | S, / j;',(/ i/ 2.2
Other tuel US| 06| 7] 06| 08| oo
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Figure 1. The dynamics of the primary encrgy sources con-
simed 1 Lithuania in 1990--2002
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Figure 2. The structurc of utilization of the primary cner-
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straw, municipal, industrial and agricultural waste for
burning) biogas, dump gas, hydroenergy, local oil and
gas that arc burned in places of oil obtaining. It is ¢x-
plicitly indicated by an increase in fuel wood consump-
tion: in a period of 10 years fuel wood consumption
augmented 4 times (Figure 3).

The tendencies of generation of primary cnergy
over the last period, which characterize the develop-
ment trends of local fuel use, are shown in Figure 4.

As scen from the Figure, the part of local fuel re-
sources in the total fuel balance annually increases.
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Figure 4. Generation ndex of primary cnergy

It augmented from 3% in 1990 to 8% in 2002. llowcev-
er, the contribution of the kinds of local fuel in cner-
getics 1s unequal and the tendencies of 1its usc are
diverse. Recently, consumption of peat and blocks
diminished whereas that of fuel wood increased up to
85%. The extent of the part of other primary solid fuel
in the total quantity of fuel is an affirmative factor.
Since in the content of this primary natural fuel there
is waste (marginal wood) of forest felling and wood
processing as well as straw etc. an increase in this part
of fuel implies an increase in wood wastc use n cner-
getics.

Current use of forest biomass for energy by dif-
Sferent consumers

Lithuania has no indigenous fossil fucls therefore
they must be imported. Conscquently, power saving
and use ol local and rencwable resources 1s onc ol the
major tasks of the state (Table 8). It could improve the
foreign trade balance and provide employment. As
seen from the Table, during the last decade fuel wood
consumption in different economic sectors varied sig-
nificantly. In the industrial, agricultural and construc-
tion sectors fuel wood consumption is comparatively
msignificant and changes are uneven. Over the last
three years it increased one and a half time
(Figure 5). )

Table 8. The general balance of fuclwood

Wouod halance
Thou. m? | ktoe .2
1998 14994 | 2000 | 1Y9s 1999 | 2000 1994 I Yo |
Production 25:44.3| 2755.3 ;‘ﬁ\ 1UR.T| 540.0] S38.5[ 20863 22593) 22
linpant 1.5 1.6 _11_\| ___U._.i 0.3 (.1 12 13 0
!_'_\l'ml 0.5 0.8 1.2} 0.1 __ﬂ_l 0.2 4 O v
Changes instocks | -12.5] -66.1 204 -25] -130 L -1 __?'\i:‘ | [Ih
Gross 2532.8|2690.0|2767.6] 496.4| 517.2| 542.4| 2076%| 22058 | 22695
constmption R =
Pransformation 44.2 135 148 8.7 X7 9 362 11 121
in CHEP and
heating plants I I e
Consumption of (L7 0.1 0.4] 0.1 (l_()l 0.1 O i
the energy hranch )
Non-cnerpy 13.4 0.6 - 2.6 0.1 - LHy 5
consumnpion o
Final 2474.5|2675.8 | 2752.4| 485.00| 524.4] 539.4| 20191 | 21941| 22570
consumption |
Industry 3.5 3.8 34.0| 0.8 0.5 0.7 283 285 279
Construction 7.2 e 15| 1.4 1.5 RE| 54 ol 6l
-/\".I wcullure 229 234 188 1.5 4.5 37 188 _]‘)l J. 155
Commercial and 1389 1974 1975 272 3871 387 139 16190 1619

public services

| louscholds 2271.01 24127 2«'!‘)~l.i 4451 472.9] 4859 18622 | 19785 | 20456
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Figure 5. Final fuclwood consumption in industry, construc-
tion and agriculturc of Lithuania in 1990-2000

District heating is the most important consumer
of fuel wood

fror the production of thermal power in heat and
botler plants of different capacities large quantities of
morganic fuel are used. For economic purposes 1t 1s
cxpedient to use more local fucl. Heat generated and
supplied for consumers 1s presented in Figure 6.

For most ol the industrial enterprises the commu-
nal sector and {or the sphere of public services elec-
tric and thermal power are supplied by power and heat
plants and regional stakeholders. Recently a combi-
nation of factors such as an increasc in fuel prices,
as well as prices of electricity and heal have led to a
decline in power consumption for production unit and
for public services. Therefore many boiler plants
stopped generating heat. Currently, only 258 power
plants and boiler plants remained working and supply
the account reports for the Ministry of the Environ-
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Figure 6. Consumption of thermal power supplicd as cen-
tral heating in £990-2000

ment. They consume a significant portion of organic
fuel while generating electricity and heat. Hitherto, the
main fucl consumed in power plants and botler plants
is fuel o1l

Both the heat and boiler plants have secn a steady
fuel decline in their heat generation for consumers
(Figure 7).
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Figure 7. Heat gencration, by type of plant

As seen from Iigure 8, with decreasing genera-
tion of heat in heat plants an increasc in heat utiliza-
tion 1s noted, i.e. heat 1s consumed more cftectively
by using utitization equipment.
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Figure 8, Index of heat gencration

A slightly different character of consuming fuel
wood is in power plants and boiler plants while trans-
forming it into electric and thermal power (Figure 9).
In 1994-1998 fuel wood consumption in power plants
and boiler plants increased 3.5 times. However, in 1999—
2000 consumption fell to the 1990-1993 level.
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Figure 9. Final fucl wood consumption for transformation
of cnergy in power plants and boiler plants in 1990-2000

Along with fuel wood, another primary solid fucl
is used for gencrating heat. It contains residues (bark,
branches, needles, sawdust and its bricks) of logging
and wood processing as well as that of agricultural
production (reed, straw, boon). This kind of fuel com-
prises 1% of the total fuel consumed.

Household from the former time remains the main
user of fuel wood

Changes in local fuel consumption in household
in the last decade 1s presented in Figure 10. From the
Figure a decrease in peat and mercase consumption is
clearly scen. Currently, wood processing residucs and
wood produced residues during fellings comprise 2.4%
in the consumption of wood in household. Herewith
strips and choups are mainly used wood residues. Chips
and especially pellets are less common in household.
They are particularly suitable lor automatic feeding of
heaters but are not used in private houschold due to
high costs. The cheaper alternatives for household fuels
are fuel wood, strips, and sawdust (Table 9).
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Figure 10. Consumption of the kinds of local fucl in house-
hold in 1990 (a), in 1995 (b} and in 2000 (¢)

Table 9. ag :
PIE , Average Fuel type Price
prices for house- EURT FURMT
hold fucl without AC including AC
Firewood 6.00 7.10
Strips 3.78 4.46
Chips 11.62 1370
Sawdust 1.74 2.06
2 AC - additional costs
1392-1355
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Cheap wood residues from wood processing en-
terprises are mostly used in heating boilers. Fuel wood
will become more expensive 1f residues are gathered
from cutover and chopped, dried, transported to heat-
ing botlers. In this way prepared fuel wood will reach
the prices of fuel oil. Prices of fuel wood in different
regions of Lithuania depend on changes in supply and
demand. As an example the wide range in prices of
wood residues over the time 1s shown in Table 10.

Table 10. Range in prices of wood residues in 2001-2002

Wood 2001 2002
residucs
EUR/m* EUR/m" EUR/m* EUR/m’
without AC | including AC | without AC | including AC
Strips 1.15-347 1.36-4.09 2.03-2.9 2.39-3.42
| Chips 9.61-13.9 11.34-16.40 11.58-17.09 13.66-20.17
| Sawdust 1.73-8.77 2.04-10.35 1.73-10.43 2.04-12.31 {

As stated above, in Lithuania from the state and
private forests together with industrial residues (1.2
mill. m*) 3.6 — 3.8 miill. m?* of fuel wood are used. Nev-
ertheless, in official statistics [16] as for 2001 are giv-
en 2.64 mill. m*. For this amount current energy use is
calculated (Table 11). For next decades the use of tuel
wood will increase up to 5 mill. m?.

Table 11. Current 2000 2001

use of forest energy Industry 0.34 0.50

in TWh District heating | 046 | 0.67
Household 5.83 5.70
Potential 9.8

Lithuanian energy policy preferences and diffi-
culties in biofuel utilization

The major objectives of energy policy are formu-
lated and presented in the strategy of National ener-
getics [10]: (1) reliable, safe energy supply with least
expenses; (2) The enhancing of the effectiveness of
energy consumption; (3) Implementation of the prin-
ciples of market economy in energetics; (4} Reduction
of the effect on the environment; (5) Stimulation of
investment: (6) egional collaboration and coopera-
tion; (7) Preparation of Lithuanian encrgetics for the
integration in the European Union; (8) Perfection of
managing energetics.

Among the mentioned objectives are the follow-
ing: a total of 15% of imported energy resources used
should be changed over local renewable energy sourc-
es. To achieve this goal economic, legal and organi-
zational measures promoting the use of wood, munic-
ipal and agricultural waste and other kinds of indige-
nous fuel are foreseen.

In the Act of Energetics the importance of the use
of local fuel, renewable energy sources s indicated.
The Act of Biofuel (enacted on July 18, 2000) indicates
that biofuel has been accorded the priority. The Min-
istry of the Environment has prepared and amendment
to the Act of Environment Pollution. It involves the
mechanism of privileges concerning taxes to the branch
of industry using biofuel.

The programme [1] of creation and development
of the biofuel industry was launched. It is calculated
that potential total quantity of round wood for heat
production should be in conformity with botler plant
equipment. As for 2000 year the total capacity of boiler
plants using wood fuel exceeded only 110 MW. There-
fore it 1s indicated that in 2001-2003 in the country
there will be produced 700 units of boiler plant equip-
ment., Among them 500 units of 20 kW capacity, 20
units — 1,000-1,500 kW, 20 units — 2,000-3,000 kW, §
units — 3,000-5,000 kW and 5 units — over 5,000 kW
capacity. Annual investment 18.82 mill. Euros has been
foreseen which secures realization of the above men-
tioned programme. After implementation of the above
plan 2.640 new jobs would be offered and GNP would
add 307 min Euros [3].

Nevertheless, in most cases the energy generat-
ed from renewable energy sources entails difficulties.
It is expensive and cannot compete with the energy
generated from conventional energy sources. There-
fore, so called a system of green certificates as in the
EU countries are used should be introduced in Lithua-
nia. That will create more favourable conditions for
competition in the liberalized energy market. In Sep-
tember, 2001 EU Instructions 2001/77/EU on promotion
of energy generation from renewable resources in the
domestic market were issued. The Lithuanian Institute
of Energetics participates in preparing the proposal for
the REGOSUN project — Renewable Energy Guarantee
of Origin Synergy project. One of the main objectives
of the project is to prepare the system of origin guar-
antee of the energy generated from renewable energy
sources. In perspective this system would provide the
foundation for implementation of the green certificate
system and join the international trade within EU.

The use of wood fuel and other kinds of local re-
newable energy sources is approved by the Government
of Lithuania, Board of the Programme of Energy Sav-
ing at the Ministry of Economy, by the Lithuanian In-
stitute of Energetics, the Lithuanian Forestry Institute,
the Commission of Renewable Energy Sources at the
Presidium of the Lithuanian Academy of Science and
by other institutions and organizations. Conferences,
workshops and meetings are held on the issues of the
development trends of the use of wood fuel in ener-
getics. Special project WOOD-EN-MAN financed by
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EU 1s developing operational level management guide-
lines for sustainable utilization of wood based biomass
from forests for encrgy in the Baltic and Scandinavian
countries. The activity of the private Forest Owners
Association is directed towards it.

Currently, according to the PHARE programme and
with the aid of the Governments of other countries the
total capacity of boiler plants using this fuel exceeds
110 MW. For fuel otil-fired boiler plants about 100
thousand t of fuel o1l would be needed and the expens-
es for purchasing 1t would be estimated at 8.7 million
Euros. In case wood fuel 1s used emisston of sulphur
is not more than 2200 t. Besides, the unemployed are
invited to prepare this fuel.

Also Lithuanian—Swedish Wood Fuel Develop-
ment Project shows what benefit is generated from the
use of wood fuel in botler plants. For example in the
boiler plant of BirZat according to the project and by
using the equipment made in Sweden wood-fired boiler
DE-16-14 has been used for 5 years. A total of 5500
t of fuel o1l are saved annually, which costs about 464
thousand Euros. about 200 t of sulphur and 17000 t
of carbon dioxide do not get in to the atmosphere. In
the regional boiler plant of Moletai according to the
project of the firms trom Denmark a boiler of 4 MW
capacity was installed. Consequently, 3.700 t of fuel
oil are saved annually [12].

Some remaining bottlenecks of bioenergy utili-
zation

There are difficulties that hinder wood fuel con-
sumption.

First of all the price of wood fuel 1s high due to
preparation costs.

It is difficult to decribe the price development for
wood fuel in the Lithuanian market. There exist no
permanent statistics tor biofuel that includes the price
development. The fuel price is not a public figure since
both the buyer and forest owners delivering fuel and
compantes work on a market with competition. Also
the fuel 15 in most cases contracted in m* what will
make 1t difficult to compare with price levels from dif-
ferent contractors.

The data on price of energy when using import-
ed and local fuel (Table 12) have shown that wood
chips from local suppliers are comparatively inexpen-
sive primary energy sources it means that broader
utilization for heating is rather of energy policy also
technological and organizational problem.

In order to use annually 500,000 m® of wood waste
for producing chips in state forests enterprises mini-
mal investment from 11.6 to 14.5 million Euros is in-
dispensable for purchasing technique. For technique

Table 12. Price Fuel Source of Price
of energy when supply (Euro/MWh)
g . of cuergy

using imported TS T Mk [1.8
and local fuel Fuel oil- Mazeikiai |15
Fuel oil - < ; |in West Europe 158
| Fuel oil - = [in West Europe | 184
Orimulsion Venezuela 9
Natural gas Lithuanian pas 12.6
Wood chips Local suppliers 1.2

renewal not less than 2.3 mullion Euros would be need-
ed annually.

In accordance with the calculations made by the
specialists of the forest enterprises in 19941995 to
produce | m* of chips and to carry it 20 km to the boiler
plant cost about 11.6-13 Euros. Currently, due to in-
flation and fiscal policy of the country it costs 16—
17.4 Euros.

Having evaluated heat capacity of fine wood
waste and other kinds of fuel (gas, oil products) and
compared with the level of prices currently JSC of the
firm KMW Energy of Sweden has determined that this
fuel is most expensive in Lithuania. Therefore, in or-
der to use wood waste from forests for producing
chips it is indispensable to impose taxes on boiler
plants for polluting, which use other kinds of fuel, or
to apply a system of dotation to the producers of heat.
Without regulation of prices the programs of utiliza-
tion of waste from forest will not be vital [9].

An increase in the use of local fuel 15 hindered
by higher and unregulated prices of this fuel, which
(for instance, wood chips) already approached the
price of imported fuel oil. In case there is no sufficiently
developed production of local fuel and infrastructure
of use its cost price 1s high. In the sphere of produc-
tion of this fuel the relations of market economy have
not formed. Unfavourable tax policy (tax imposed on
natural resources, value added, environment pollution
etc.) conditioned an increase in prices too.

The total calculated average consumption of wood
fuel in boiler plants attains 466.4 thousand Mwh or
207. thousand m?*. Calculated annual production of
wood for fuel wood makes up 0.9-1 million m®. Most
of the boiler plants use technological chip and saw-
dust from wood processing enterprises. Due to recon-
struction of sawmills more fuel wood will have to be
obtained from forest. It means that a significant in-
crease in the quantity of energy may be achieved only
by integrating waste of logging and other non—com-
mercial wood [3].

In the last decade the use of wood waste from
wood processing industry noticeably worsened due to
considerably decreased demand for chopped wood.
During privatization two comparatively large enterpris-
es that had used wood waste were liquidated: Kedain-
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ial biochemijstry plant and plant of hard fiber stabs at
Alytus House building enterprises. In the domestic
market the demand for technological chopped wood
waste Is reduced by considerable supply of techno-
logical fuelwood. The use of wood waste, is compli-
cated by a low level of production concentration, par-
ticularly in sawmills. The above enterprises werce ori-
ented towards complex, closed, non—waste raw mate-
rial processing. Therefore, the use of wood waste for
producing wood communitics, apparently, will not in-
crease in the nearest future.

It would he most real that a greater part of wood
waste would be used for fuel and for energy produc-
tion first, in the enterprises of timber industry in ther-
mal boiler plants of small residential areas and in house-
hold. Larger enterprises of timber industry might organ-
1ze the production of fuel blocks and granulated wood
from dry fine wood waste if their use would be propa-
gated. Currently, foreign firms produce and propagate
many automatic boilers of a different type with storage
of granulated wood. Such boilers may be installed in
tlats, they are of the form of a mantelpiece or may be
assigned for the systems of central heating [13].

Service of boilers using wood fuel of insignificant
value is more complicated than that of boilers using
fuel o1l or gas. Therefore, this fuel is avoided by the
specialists of energetics.

In order to increase the scope of preparation and
use of fuel wood 1t is necessary artificially to create
special conditions and adopt measures, 1.e. to intro-
duce the system of economic taxes or subsidies. In
Lithuania it should be done gradually.

Although the Government of the Lithuanian Re-
public (starting in 1992) adopted some Acts, foresaw
economic measures stimulating local fuel use, later
they were abolished. Currently, such measures practi-
cally do not exist. Also there are no structures that
might organize wood waste gathering, transportation,
preparation for burning in boiler plants.

Now when there is no infrastructure on large for-
est territories it is expensive and technologically com-
plicated to gather waste. In accordance vwith the cal-
culation made by foresters the expenses for the pro-
duction of chips in forests are more significant than
the price of purchasing this production. The equip-
ment for chopping of wood waste is needed. Trans-
portation to the energy producers costs too. In order
to use wood waste capital investment for purchasing
modern technique is needed. The use of wood waste
for fuel is feasible only in case taxes are reduced and
by presenting favourable credits for the development
[12] of the production and use of biofuel.

Conclusions

Currently in Lithuania from the state and private
forests together with industrial residues (1.2 mill. m’)
3.6-3.8 mill. m* of fuel wood are used. There is a pos-
sibility in next two decades to increase utilization of
marginal wood for energy perposes up to 5 mill. m* if
economical and technological problems will be prop-
crly solved.

To improve wood waste use in energetics it is
indispensable;

1. To make amendments in the laws being in ¢l-
fect by focusing attention on the system of tuxcs.

2. To use a part of tax imposed on 1mported fuel
{customs, excise tax) for implementation of energy
saving measures, for stimulating the use of local and
renewable cnergy sources, for the equipment neces-
sary to prepare and use these resources and for the
development of the production.

3. To seck that the prices of local energy sources
might not increase and that the taxes imposed on nat-
ural resources and value added might be reduced.

4. To make assumption to attract and use forzign
and local private capital for implementation ot the
measures of saving energy and for the use of local and
renewable energy sources.

5. A part of iaxes imposed on environment pro-
tection must be assigned for the development of the
use of renewable energy sources.

6. To determine the quota of the production of
energy from local and renewable energy resources.

7. To ensure that the administration of districts
and city Councils would pay due attention to the pro-
duction, supply and use of energy resources and to
the use of wood waste and renewable encrgy sources
and that through the budget of the city Council financ-
es would be assigned for support and implementation
of the programmes of effective energy supply.

8. In due order to supplement the general pro-
grammes of educating students and schoolchildren as
to the use of local and renewable energy source.
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PECYPCBI MEJKOMEPHOM JIPEBECUHBI U EE DHEPTETUYECKOE UCIIOJIB30-
BAHHUE B JIMTBE

JI. Kaiiprokmitue, b. SlckensaBuuyc
Pesonie

B crarse mma 06IpHoM MaTCPHAIIIC PACCMATPIBAIOTCS PECYPChl MCIKOTOBAPHON APCBCCHIILL (IpoBa, NopyOotUHbIC
OCTATKH, OTXOAL! JICPCBOOONA0ATHIBALOIICH TPOMBILINICHNIOCTH M JIPYTas MCIKOMCPHAs APCBCCHHA) M MX HCMOJNb30BAHUC B
DHCPrCTHKC B HCTOpHUYCCKOM pa3suTHM oxonomnku Jlirner, Brisisncua jions jpossnnoit apcsecuust B 0bem obpeme
JICCOMONB30BAHWSE B PA3NIHUHBIX OTpe3Kax BpeMeHi (Hauunag ¢ 1927 ©) rocytapcTecHHOro pa3suTus. [{pHsoauTCes NPOTHO3b!
HAKOTUICHH MC/IKOMCPHOH Npesecuuot 10 2030 .

ANANH3UPYIOTCS TPOIECCHI H TCXHOIOTUSA CKHIAaHHS JIPOB M JAPCBCCHOI ILUENbl B PASTUUHLIX KOTCHALHSIX; BBISBICHA
OTHOCHTEIIbHAs LICHHOCTL UCMONB30BACMON B DHCPICTHKE jpeBecHitbt (P), X CTOMMOCTB MO OTHOUICHHH K APYIHM
NCPRHIIILIM HCTOYHHKAM DUCPICTHUCCKOIO CHIPDLS.

PaceMoTpesl aCfCKTBl JHEPrCTHUCCKON cTpaTeriau JIUTBLL B pa3pe3c MCMOAB30BaHUI MCCTHBIX BOCCTaHOBHMBIX
JHCPrETHUCCKHX PCCYPCon.

Kiouesnie ciona: JPOBSHAs APCBECHIA, JIECHLIC PCCYPCDLI, DHCPTCTHKA IPEBECHHEI, 61’[03HCPFCTI/IK3
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