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Abstract

The development of bioenergy markets is beneficial from a climate perspective and helps ensure sustainable forest
management both locally and globally. This study aimed to provide an overview of the current state of Lithuanian
forest biomass resources with a particular focus on the legal, economic and ecological aspects of forest biomass
use for energy and to identify the lessons that should be learned from the history of biomass introduction in the
country’s energy sector. These experiences and lessons are valuable both nationally and internationally, where good
practices and challenges for the introduction and development of forest biomass for energy production are
revealed. We examined the question of whether regulatory drivers in the energy sector can increase forest biomass
use for energy production and contribute to sustainable development of Lithuania. To answer this question, we
described the legal and market instruments regulating forest biomass use for energy production, the forestry sector
and renewable energy policy in Lithuania, the current and potential amount of forest biomass available for energy
production and ecological considerations relating to forest biomass use for energy. In Lithuania, forest biomass
resources are strategically important for the renewable energy sector. The National Energy Strategy of Lithuania
aims to increase the share of renewable energy sources, including forest biomass, within the total energy
consumption, with targets of 30% in 2020, 45% in 2030 and 80% in 2050. Lithuania successfully achieved the target
of EU legislation on renewables in 2015 ahead of the obligation to achieve it in 2020. Renewable energy is mainly
used in heating, as well as in the electricity and transport sectors. This has resulted in a significant price reduction
for end users due to the increased use of biomass, mainly local forest biomass, for heat energy production and in
the emergence of a biofuel exchange, which acts as a system of biomass auctions that to some extent prevent
unjustified price increases. Legislation developed for the energy biomass market in Lithuania allows efficient
restructuring of the energy sector, especially for heat production. The Lithuanian energy sector has already
successfully replaced imported and relatively expensive natural gas with locally available cheaper renewable energy
sources (RES). Compliance with formal environmental regulations is required to protect the soil, ground vegetation,
understory and biodiversity during commercial tree harvesting. Lithuania has basic guidelines for the use of wood
ash as a compensatory fertiliser, with strict requirements for the chemical quality of wood ash.
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Background
Renewable energy sources (RES) are recognised widely
as an important means for the energy sector to achieve
the environmental, economic and social aims of sustain-
able development [1–4]. The bioenergy market specific-
ally can help foster sustainable forest management at the
regional, national and international levels. The produc-
tion of biomass for energy from forest and agricultural
waste is becoming an increasingly important sector of
the economy, with growing volumes produced, numbers
of jobs and added value.
As the world moves towards the goal of 100% renewable

energy by 2050 in order to achieve the goal agreed at
COP21 in Paris in 2015, individual countries seek to develop
strategies for the accelerated development of renewable en-
ergies [5, 6]. Lithuania, together with other European Union
(EU) Member States, has committed to ending fossil fuel
use to stop further increases in greenhouse gas (GHG) con-
centration in the atmosphere [7–9]. Since growing trees ab-
sorb a significant amount of the carbon released in the
process of biomass combustion, the GHG emissions pro-
duced by burning fossil fuels can be reduced by substituting
these with renewable forest biomass. However, while bio-
mass combustion is beneficial from a climate perspective, it
can have local and global impacts on other aspects of envir-
onmental quality [10–12].
The EU Member States plan to achieve a 32% share

of renewable energy in their total energy consumption
by 2030 [13]. The use of biomass for district heating
in the Baltic countries—Lithuania, Latvia and
Estonia—which has increased significantly in recent
years, contributes towards this goal. In 2015, the main
energy sources for the Baltic countries were petroleum
products (48%), biomass and waste (22%), and natural
gas (21%) [14]. In Lithuania, the amount of biomass
used for district heating and electricity has increased
since about 2007, and the country continues to in-
crease the share of biomass in energy production. By
2020, the share of centrally supplied heat energy pro-
duced from RES is planned to increase to 60%, and the
share of renewable energy in final energy consumption
should increase to 23% [13, 15]. Despite its already
leading position in renewable energy, Lithuania plans
to further develop that sector in order to mitigate cli-
mate change and increase the country’s competitive-
ness [15]. It is planned that by 2030 installed power
capacity from RES will be 2.5 times higher than in
2017, and almost half of the energy consumed will be
produced from RES. By 2050, most of the energy used
in the heating, electricity and transport sectors will
come from RES [15].
Decisions in the Lithuanian energy sector are being

made with little regard for the economic, social and en-
vironmental aims of sustainable development [16]. So

far, there has been no comprehensive review of the
Lithuanian use of forest biomass for energy. The object-
ive of this paper is to explore how decisions in the en-
ergy sector can improve its contribution to overall
sustainable development in Lithuania. We address this
objective by providing an interdisciplinary overview of
forest biomass resources in Lithuania and a synthesis of
the legal, economic and ecological aspects of the use of
those resources for renewable energy production. The
specific research questions include the following:

� What are the key political and market-based instru-
ments acting for implementation of renewables for
energy in Lithuania?

� What is the current supply of renewables for energy
in Lithuania?

� What changes and challenges have taken place in
the forestry and renewable energy sectors in
Lithuania during last decade?

� What forest biomass resources are available for
energy in Lithuania?

� What are the environmental sustainability
implications of using forest biomass for energy in
Lithuania, and how are possible risks being
mitigated through regulation?

� What are the future perspectives and challenges for
forest biomass use for energy in Lithuania?

Data and materials
This section describes the research methods that
were followed to assess different national and EU le-
gislation, statistical databases and other related docu-
ments implemented to incentivise forest biomass use
for energy.
The Lithuanian case study includes descriptive ap-

proaches, as well as qualitative analysis. The review
of regulatory drivers covers legal regulations of forest
biomass use in energy production and also market-
based instruments. We first analysed EU legislation,
continuing with the analysis of Lithuanian legal is-
sues, including national programmes, strategies and
laws (Table 1; Appendix 1). The review of current
energy use and supply provided by renewables is
based on analysis of statistical data on renewables
supply, share of different fuel types and the price of
heat supplied to central district heating. The review
of current information on the forest sector is based
on analysis of literature and statistical data on his-
torical changes and the current situation in Lithu-
anian forests, including tree species composition and
ownership. The description of biomass supply from
the forestry sector is based on data of current and
potential amounts of forest biomass from different
sources (harvest residues, short rotation plantations)
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(Table 1). The last chapter, analysis of ecological
risks and their regulation is based only on Lithu-
anian regulations and scientific findings of local
studies. Though other countries face similar chal-
lenges [17, 18], this case study only deals with envir-
onmental issues covered by Lithuanian legislation
and other documents with related information on
forest biomass use for energy.
‘Forest biomass’ is taken here to include firewood

and wood chips from aboveground logging residues
(low-quality stems, tops, branches, needles and
leaves) from pre-commercial and commercial har-
vesting, as well as woody material from short rota-
tion plantations (basically willows). In addition to
the above, by-products such as sawdust, waste from
the agriculture sector and wood processing industries
are included in the broader term ‘biomass’. When
citing text from the reviewed sources, the transla-
tions used are mainly unofficial versions by the au-
thors, since official translations are rare.

Energy policy and the goal for renewables in
Lithuania
This case study is specific to Lithuania but, as a
member of the European Union (EU), Lithuania is
subject to the obligations and privileges of such mem-
bership as defined within EU legislation common to
all members. The Renewable Energy Directive (2009/
28/EC) of the European Parliament established an
overall policy for the production and promotion of
energy from RES in the EU [19]. It requires the EU
to fulfil at least 20% of its total energy needs with re-
newables by 2020. This target is to be achieved

through the attainment of individual national targets.
The directive stipulates that all EU countries must
also ensure that at least 10% of their transport fuels
come from RES by 2020. Lithuania’s national renew-
able energy target is 23%. In 2015, Lithuania had
already achieved a share of 25.8% of renewable energy
in its gross final energy consumption [9]. Reaching
national renewable energy target for 2020 by 2015 did
not slow down ambitions for the use of renewables
and Lithuania aims to further develop renewable en-
ergy in its economy.
Moving forward, the revision of the Directive

2009/28/EC was initiated to reflect global change
since 2009, increase climate change ambitions and
leverage international investment in renewable tech-
nologies. Furthermore, the revised Renewable Energy
Directive (2018/2001/EU) of the European Parlia-
ment aimed at keeping the EU as a global leader in
renewables and helping it meet its GHG emissions
reduction commitments under the 2015 Paris Agree-
ment on Climate Change [20]. In this directive, a
new binding renewable energy target for the EU for
2030 of at least 32% was established, with a clause
for a possible upwards revision by 2023. EU coun-
tries are required to draft 10-year National Energy
and Climate Plans for 2021–2030, outlining how
they will meet the new 2030 targets for renewable
energy and for energy efficiency. Member States
need to submit a draft National Energy and Climate
Plan by 31 December 2018 and are to be ready to
submit final plans to the EC by 31 December 2019.
Most of the other new elements in the revised dir-
ective need to be transposed into national law by
Lithuania, as a Member State, by 30 June 2021. Ac-
cording to the Directive 2018/2001/EU, the overall
objective for renewables in Lithuania is 45% in 2030,
defined as 45% for the renewables share in final en-
ergy consumption, 90% in the central heating sector,
15% in the transport sector, 45% in final electricity
consumption and 70% for the renewables share in
electricity generation [34]. The Lithuanian govern-
ment is considering a new support scheme for
producers of renewables. EU legislation provides re-
newable energy targets for Member States as goals
to plan national issues for energy sector improve-
ments and climate change mitigation. The increased
use of sustainable renewables across the EU would
contribute to some extent to the creation of the En-
ergy Union [34].
Lithuanian legislation provides for taking active

steps to fulfil the established EU targets, reinforcing
these ambitions with local commitments and goals.
In Lithuania, several pieces of legislation have been
put into force to elaborate the energy sector policy

Table 1 Reviewed EU and Lithuanian legislation in energy and
forestry sectors

Energy sector

Renewable Energy Directive (2009/28/EC) [19]
Renewable Energy Directive (2018/2001/EU) [20]
European Commission (EC) document on Sustainability of Bioenergy
[21]
EC document on Sustainability of Solid and Gaseous biomass [22]
National Energy Independence Strategy of the Republic of Lithuania [13]
National Strategy for the Development of Renewable Energy Sources
[23]
Law on Energy of the Republic of Lithuania [24]
Law on Energy from Renewable Sources of the Republic of Lithuania
[25]
Law on the Heat Sector of the Republic of Lithuania [26]

Forestry sector

National Forestry Sector Development Programme 2012–2020 [27]
Rural Development Programme 2014-2020 [28]
Law on Forests of the Republic of Lithuania [29]
National Forestry Accounting Plan by Lithuania [30]
Strategy of State Forest Enterprise Activity 2019–2023 [31]
Regulations on Wood Ash Disposal and Use [32]
Regulations for Forest Fellings [33]
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and promote the use of RES (Appendix 1). The main
policy documents for energy sector development are
the National Energy Independence Strategy and the
Strategy Action Plan [13]. One of the aims of the
strategies is to ensure Lithuania’s energy independ-
ence by the year 2020 by strengthening national en-
ergy security and competitiveness. The Law on
Energy [24] and the Law on the Heat Sector [26] es-
tablish the legal basis for state management, regula-
tion, supervision and control of the energy sector,
including the general criteria, conditions and re-
quirements for public relations. They also define the
main objectives of government energy policy and
regulate government management of the heat sector,
including the activities of the heat sector entities,
their interrelationships and responsibilities, and their
relations with heat consumers. Our overall assess-
ment of these instruments showed that they are to
(a) ensure the country’s energy independence by
strengthening a secure and reliable energy supply,
(b) contribute to reduction of environmental pollu-
tion, (c) promote the use of domestic RES and (d)
ensure reliable and high quality heat supply to con-
sumers at minimum cost.
The main legislation promoting increased use of

RES, including biomass, in heat production are the
National Strategy for the Development of Renewable
Energy Sources and its Action Plan [23], the Law on
Energy from Renewable Sources of the Republic of
Lithuania [25], and the National Forestry Sector De-
velopment Programme 2012–2020 [27]. The National
Strategy for the Development of Renewable Energy
Sources [23] is intended to ensure an increased
share of RES in the country’s energy balance, in
order to meet energy needs in the electricity, heating
and transportation sectors using domestic resources
as much as possible, and phasing out imported pol-
luting fossil fuels. This would enhance energy secur-
ity and energy independence and contribute towards
international efforts to reduce GHG emissions. The
Law on Energy from Renewable Sources of the Re-
public of Lithuania [25] establishes the legal basis
for state administration, regulation, supervision and
control of the renewable energy sector and for orga-
nising activities in the renewable energy sector. It
mandates the state regulation and supervision of the
activities of energy grid operators and producers of
energy from RES, including their relations with con-
trolling authorities. The law should also help ensure
increased use of RES in the energy sector.
The National Forestry Sector Development Programme

2012–2020 [27] is intended to retain the balanced volume
between annual increment of timber and all forest fellings,
including pre-commercial thinnings, sanitary (to improve

health of the forest and eliminate stem pests and spread of
dangerous infections by removing damaged, dying, wind-
fall trees) and final fellings. Also, it is intended to increase
the volume of non-merchantable timber and logging resi-
dues used for energy production. For the latter, it sets a
target of 0.5 mm3 in 2020. Financial instruments (listed in
Appendix 1) are also in place to promote the development
and use of RES, including biomass.
The BALTPOOL Biomass Exchange (hereafter,

BALTPOOL) is a market-based instrument promot-
ing the use of biomass in heat production [35]. On
27 September 2012, the National Control Commis-
sion for Prices and Energy issued an operating
licence to BALTPOOL, a Baltic region energy re-
sources exchange, entitling it to organise trade of
solid biomass for energy. BALTPOOL was thus en-
abled to act as an intermediary for companies pro-
ducing, supplying and buying biomass for energy in
Lithuania. The licence entered into force on 31 July
2013 as one of the instruments for fair competition
in the energy sector. Since 2016, all biomass for en-
ergy production has been purchased on BALTPOOL,
which is legally regulated, but with rules that allow
purchase of biomass outside the exchange if the
price paid is lower than it would be on the ex-
change. Heat and electricity producers and suppliers
of biomass are invited to trade on BALTPOOL and
currently 251 companies producing and supplying
energy biomass and more than 100 buyers are regis-
tered. Wood chips, one of the most popular types of
biomass, are traded on the biomass exchange. Dur-
ing the 2017–2018 heating season, biomass was sup-
plied through BALTPOOL under 4067 contracts.
The total amount of biomass sold during that heat-
ing season was 12.41 PJ, of which 96.5% was pur-
chased by 102 buyers from Lithuania and Latvia,
including both central heat supply enterprises and
regulated independent heat supply enterprises [35].
More than 90% of all suppliers in BALTPOOL are
Lithuanian.
The Lithuanian woody biomass market is strongly in-

fluenced by wood chips supplied from Belarus at prices
cheaper than for locally supplied chips [36]. In 2017,
0.64 mm3 of wood chips were imported from Belarus,
25% of all wood chips sold on BALTPOOL. In 2018, im-
ports increased to about 1/3 of the total biomass market.
The largest sellers on BALTPOOL are thus not local
chip producers but wholesalers of Belarusian wood
chips.
Competition among heat producers is organised

through monthly heat sale auctions, on the national
fuel and energy exchange in Lithuania, BALTPOOL,
on which all heat producers are required to buy fuel
and sell heat in individual municipalities. The
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experience of the exchange attracts interest from for-
eign politicians and officials. BALTPOOL is extend-
ing its activities to other countries.
In summary, both EU and Lithuanian legislations

devote special attention to the expanded use of re-
newables at the EU and national levels, focusing on
forest biomass. The Renewable Directive (2009/28/EC)
sets mandatory national targets for the share of re-
newable energy for each EU country, to be reached in
2020. The national targets are set with a view to
achieving the EU 20% renewable energy target by
2020. Lithuania’s national renewable energy target was
23%, which was achieved in 2015, with a share of
25.75% of renewable energy in gross final energy con-
sumption. The market-based instrument BALTPOOL
had strong impact on promoting the development of
biomass use in heat production.

Current energy use and supply provided by
renewables
Lithuania has an annual domestic heating season
(when the outside temperature is lower than +
10 °C) of about 6–7 months [37]. According to the
National Renewable Energy Action Plan [23], the
possibilities for wider use of locally available fossil
resources (peat, oil) are limited. It is therefore very
important to increase the use of energy from RES.
National energy sources in 2016 included crude oil
and petroleum products (38.9%), natural gas (25.1%),
RES (20.0%), electricity (9.7%) and coal, peat and
others (6.3%) [38]. The RES presently in use include
solid biomass (83.0%), wind (6.7%), liquid biofuels
(3.9%), hydro-electricity (2.7%) and others (biogas,
municipal waste, solar, geothermal) (3.7%). In the
district heating sector, biomass and municipal waste
are most important, but the share of natural gas is

still relatively high (Fig. 1). However, Lithuania has
made progress compared to the EU as a whole in
which use of fossil fuels for heat production is still
very high at 70% [39]. Total annual energy consump-
tion in Lithuania is about 180 PJ, made up of 36 PJ
in final electricity consumption, 72 PJ in heating,
and 72 PJ in liquid transportation fuels [38].
Natural gas from Russia was the dominant fuel

used in district heating until 2013 (Fig. 2). Since
then, Lithuania has been one of the post-communist
countries experiencing a rapid increase in use of
wood-based energy sources, and heating plants using
fossil fuels were modified to use biomass. About 65%
of heat consumed in district heating is produced in
these centralised systems. However, inefficient use of
heat energy is still considered one of the biggest
problems in the Lithuanian heating sector. The aver-
age annual heat consumption in Lithuanian buildings
is 0.75 GJ m−2, while the corresponding figure for
neighbouring Nordic countries is about 0.46 GJ m−2

[16]. Reducing inefficiencies would save a significant
amount in heating costs and reduce GHG emissions.
Increasing energy production from renewables can

diversify energy sources for heat production and re-
duce the negative environmental impact of the district
heating sector. Over the last decade, the proportion
of forest biomass used in final primary energy con-
sumption has increased rapidly since about 2010 and
further expansion is expected (Fig. 2). Heating plants
currently consume about 22 PJ of forest biomass an-
nually (see Fig. 1).
Forest biomass has been recognised as a strategic-

ally important renewable resource for the energy
sector in Lithuania. RES usually face market barriers
such as high initial investment cost and low com-
petitiveness of new technologies compared to old

Fig. 1 Share of different fuel types in the district heating sector in Lithuania, 2017. Data source: Lithuania District Heating Association [40]
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ones. The State promotes economically viable invest-
ments in heat production from biomass, giving pri-
ority to combined heat and power plants. The use of
biomass fuel in power plants specifically designed for
biomass is much cheaper and more environmentally
friendly than the use of old technologies [16]. In the
long term, locally available RES could give economic
and ecological benefits. On the other hand, the use
of forest biomass in the district heating sector does
not cover the country well, with about 70% of indi-
vidual houses still using firewood for heating. How-
ever, these houses are not included in the district
heating grid.

It is expected that investment in heat production from
biomass will not increase the heat price, and it has
already made it possible to exceed the 2020 goal of 23%
renewable energy in the final energy consumption.
During the period 1996–2017, the average price of

heat supplied to central district heating systems in
Lithuania fluctuated unevenly: the price remained
relatively stable while it was fixed by regulation be-
tween 1996 and 2006, increased from 2007 to 2012
when price formation was left to the market and
depended mostly on the increased cost of imported
natural gas, and then decreased thereafter up to 2017
(Fig. 3) [40]. This decrease from 2012 to 2017 was

Fig. 2 Proportion of different fuel types used in the district heating sector in Lithuania, 1997–2017, with a forecast for 2020. Data source:
Lithuania District Heating Association [40]

Fig. 3. Average price of heat supplied to central district heating (excluding VAT) in Lithuania, 1996–2017 [40]
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almost 38%. Several factors may have influenced the
reduction in central heat prices: first, the increased
use of forest biomass for heat energy production; sec-
ond, the use of local forest fuel resources; and, third,
the emergence of the biofuel exchange, as explained
in the previous section.
At the beginning of 2019, there were 52 licenced heat

suppliers [41]. These companies produce and supply
about 98% of the heat delivered through heating net-
works in 60 municipalities throughout the country [40].
The market share of biomass is currently 58.7% [41].
Householders consume 73% of the heat produced, State
institutions 13.2%, and industry and other users only
13.8% [40].
Between 2000 and 2016, the use of combined bio-

mass fuels in the district heating sector increased
from 2 to 65%, and the share of biomass in district
heating exceeded the share of imported natural gas
[40]. Biomass was used in public central heating
power plants (23.68%), public heating plants (72.08%),
internally by industry in heating plants (4.06%), trans-
formation by charcoal plants (0.17%) and in the en-
ergy sector (0.01%) [42].
In summary, solid biomass has the leading share

among renewables, more than 80%, in Lithuania.
The proportion of forest biomass used in final pri-
mary energy consumption has increased rapidly since
about 2010. Though renewables for energy produc-
tion sometimes face market barriers such as high
initial investment cost and low competitiveness, in
the long term, its usage should give economic and
ecological benefits. The peak in prices for natural
gas in 2007–2012 and the EU’s policy of greater use
of renewables have led to the rapid construction of
biomass-fired boilers and cogeneration plants in
Lithuania. The result of state aid and incentive regu-
lation was that already in 2017 about 70% of the
total district heat production was from renewables.

Current situation of the forestry sector in
Lithuania
Lithuania is situated on the eastern coast of the Baltic
Sea between 53° 54′ and 56° 27′ N latitude and be-
tween 20° 56′ and 26° 51′ E longitude. It has a total
land area of 65,300 km2 (6.53 m ha). Of that area,
50% is lowland (up to 100 m above sea level), 29% is
upland (150–200 m above sea level) and 21% consists
of hilly areas (200–300 m above sea level) [43].
Lithuania is in the cool temperate moist IPCC climate
region [44]. Agricultural land covers more than 50%
of the country and forest land amounts to about 33%
of total land area (2.2 m ha) [45, 46] (Table 2).
Lithuania falls in the transitional hemi-boreal forest

zone of Europe with mixed deciduous and coniferous
stands being most common. The major forest soil
groups are Arenosols (32%), Luvisols and Retisols (29%)
and Histosols (11%) [47]. Forestry plays an important
role in the Lithuanian economy and environment. Dur-
ing the period 2003–2017, the total growing stock vol-
ume increased by 90 mm3 and gross annual increment
by 3.8 mm3.
Coniferous stands prevail in Lithuania, occupying

1.144 Mha, 55.6% of the forest area (Fig. 4). Scots pine
(Pinus sylvestris L.) occupies the greatest area, 0.711
Mha, followed by Norway spruce (Picea abies (L.) Karst.)
with 0.429 Mha. The total area of deciduous softwood
and hardwood is 0.913 Mha (44.4% of the forest area).
Silver birch (Betula pendula Roth) and downy birch
(Betula pubescens Ehrh.) stands predominate among de-
ciduous stands, with 0.453 Mha. Other deciduous spe-
cies, including European aspen (Populus tremula L.),
black alder (Alnus glutinosa (L.) Gaertn.), grey alder
(Alnus incana (L.) Moench), common oak (Quercus
robur L.) and European ash (Fraxinus excelsior L.), oc-
cupy much smaller areas.
About half of all forest land in Lithuania (1.088 Mha,

49.7%) is of state-owned [46] and all state forests are

Table 2 General characteristics of Lithuanian forests [46]

Characteristics 01-01-2003 01-01-2017

Forest land area according to forest assessment, m ha 2.045 2.190

Total growing stock volume, mm3 453.4 542.7

Mean growing stock volume, m3 ha−1 226 256

Total growing stock volume of mature stands, mm3 109.9 151.4

Gross annual increment, mm3 16.0 19.8

Gross annual increment, m3 ha−1 8.0 8.5

Volume change, m3 ha−1 Data not available 3.0

Forest coverage, % 31.3 33.5

Forest area per capita, ha 0.59 0.77

Growing stock volume per capita, m3 131 191
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FSC-certified. PEFC sustainable forest management cer-
tification is not available in Lithuania because national
standards are not yet developed. Other forests are
under private ownership (0.883 Mha, 40.3%) or state-
owned forests that are reserved for property restitution
(10%). Since 1990, after Lithuania regained independ-
ence, forest ownership has changed greatly; however,
the restitution of land to former owners has not been
completed. In terms of function, Lithuanian state-
owned and private forests are categorised as either (I)
forest reserves (1.1%), (II) special-purpose forests (eco-
system protection and recreational forests) (12.0%), (III)
protective forests (14.6%) or (IV) commercial forests
where timber production is prioritised (72.3%). No for-
est management activity is allowed in I, while in II and
III, forest management is strictly controlled by the Law
on Forests (2001), which sets limits for stand harvesting
age, size of clear cuts, etc.
During the Soviet period, all forest land was state-

owned and forest management was centrally planned, as
was the entire Lithuanian economy. After the restoration
of independence in 1990, major political and socio-
economic changes occurred in the forest sector [48], in-
cluding the emergence of private forest ownership, a free
market for wood, adoption of foreign technologies, EU
support, and the expanded focus on social and environ-
mental forest functions. When independence was re-
stored, forest property rights were also restored, and the
structure of forest ownership changed due to an ongoing
land reform process which is still ongoing. All forest
land was transferred to a national network of 42 state
forest enterprises under the Ministry of Forestry, whose
main responsibilities included forest management, pres-
ervation of forest genetic resources, afforestation, forest

protection (fire, insects and diseases) and allocation of
forest areas for scientific purposes or to meet public
needs.
In 2018, the 42 state forest enterprises, along with the

State Forest Management Institute, were merged into a
single company, the VĮ Valstybinių miškų urėdija (the
State Forest Enterprise) [49]. The individual enterprises
were combined in order to increase returns and promote
more efficient operation, also addressing the challenges
of transparency in the forestry sector. Currently, the
State Forest Enterprise consists of 26 regional units. The
private forest sector includes 250,100 private forest
owners. Small-sized private forest properties are com-
mon in Lithuania, the average being 3.4 ha, unchanged
since 2001.
Wood markets also changed considerably after the res-

toration of independence. Due to the emergence of the
free wood market, exports of timber expanded. Previ-
ously, 1–2 mm3 yr-1 of wood was imported from Russia;
currently, a considerable amount of wood is exported.
Demand, supply and other market factors now drive
round-wood prices. There has been a trend towards in-
creased wood removal from the forest, with harvesting
increasing from 4 mm3 in 1990 to 7 mm3 in 2016 [46].
The harvesting level is still less than half the annual in-
crement (see Table 2) and conforms to the restrictions
of the Law on Forests [29], which indicates that the total
volume of all annual forest cuttings cannot exceed the
gross annual tree increment.
Round-wood harvesting in state forests amounted to

3.9 mm3 in 2016 and 3.78 mm3 of round wood were sold
[30, 46]. In the same year, contractors harvested 75% of
the timber produced in state forest enterprises. The vol-
ume from final harvest in state forests was 2.7 mm3,

Fig. 4 Proportions of the forest area of Lithuania occupied by different dominant tree species [46]
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amounting to 70% of the total harvest and private forest
owners received cutting permits for 2.4 mm3 [46].
We conclude that the overall situation in the Lithu-

anian forests is favourable. The growth of forests far ex-
ceeds the harvest. Forests biomass resources make it
possible to harvest potentially more biomass for energy.
Forest land ownership is shared almost equally by the
state and private owners whose individual holdings are
small with limited resources available to manage their
forest and trade the wood produced.

Biomass supply for energy from the forestry
sector
The rate of growth of forests is obviously a key factor in de-
termining the quantities of forest biomass that can be sus-
tainably supplied from forests. Forest biomass for energy is
an important part of the forestry and renewable energy sec-
tors in Lithuania. Forest biomass comprises over 80% of
total plant biomass in Lithuania [50]. The amount of bio-
mass per capita in Lithuania is one of the highest in the
EU. Consumption of forest biomass for energy production
has significantly increased in Lithuania since about 2000.
However, biomass available for energy production is still
underused and the supply of firewood, logging residues,
woody biomass from pre-commercial harvesting and short
rotation plantations, and waste from the wood processing
industry could be increased without exceeding the incre-
ment [51].
According to the Department of Statistics of Lithuania,

3.9 mm3 of firewood and industrial wood waste were
used for energy production in 2009. In the absence of
restrictions on removals, about 2.5 mm3 of logging resi-
dues could be produced annually from final clear cuts.
However, technical capacity (harvesting equipment) and
environmental regulations reduce this amount to 0.75
mm3 [52].
Although the extraction of logging residues from final

clear cuts is more economic, residues could also be ex-
tracted for energy use from pre-commercial thinning of
young stands, potentially generating about 0.4 mm3 of
such biomass every year. However, producing chips from
pre-commercial thinning is too expensive currently and
so is not done in practice.
The rapid development in cultivation of short rotation

plantations in Lithuania since before 2000 has been
mainly driven by international companies [53]. Data
from the National Paying Agency of the Ministry of
Agriculture show that the total area of established short

rotation plantations (including willows and other woody
species) has steadily increased, reaching more than 3.8
Mha in 2018 (Table 3). Mean annual biomass increment
in commercial Lithuanian plantations varies from 0.2 to
7.6 mg ha−1 yr−1 [54, 55].
Fast-growing grey alder stands are of specific inter-

est for energy use in Lithuania [57]. Such stands oc-
cupy 121 600 ha (5.9% of the total forest area), and
their growing stock amounted to 17 mm3 (4.3% of
the total growing stock) in 2016 [46]. With a 30-year
rotation, more than 0.5 mm3 of grey alder biomass
could be harvested annually. Since about 2000, state
forest enterprises have offered an increasing amount
of logging residues from grey alder stands to con-
sumers and the current consumption of this biomass
for energy is about 0.16 mm3 yr-1.
Approximately 0.26 mm3 of logging residues are

generated and sold annually from harvesting opera-
tions in state forests (Table 4). Data on production
and sales of logging residues from private forests are
not available.
The State Forest Enterprise plans to increase the sup-

ply of forest biomass for energy to 0.367 mm3 in 2019
and to 0.500 mm3 in 2023 [31]. Forest biomass, as a raw
material for heat production, is competitive due to the
significantly (2–3 times) lower price, compared to the
main alternative which is natural gas (Fig. 5).
In summary, forest biomass use for energy production

has expanded in Lithuania since about 2000, and its
price is no more than half that of natural gas. However,
forest biomass available for energy production is under-
used. Current logging technologies are not yet focused
on the production of forest biomass for energy and the
cost of harvesting biomass is too high and unprofitable
for forest owners, especially in privately owned forests.
These issues should have a higher profile at the State
level, with shared responsibilities in seeking new ap-
proaches to common forest management practices as
well as addressing the goal to increase forest biomass
production for energy.

Ecological constraints on forest biomass use for
energy
In order to minimise the risk of using unsustainable for-
est biomass for energy production, biomass harvesting
should be carried out in accordance with the principles
of sustainable forest management with special attention

Table 3 Short rotation plantation areas established with EU structural funds, 2007–2018 [56]. Crops like willow (Salix spp.) and poplar
(Populus spp.) are grown in 3 to 5 year rotations

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Declared area, ha 260 375 492 556 951 1097 1755 2484 2542 3453 3765 3860
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given to the protection of landscapes, biodiversity, car-
bon stocks and nutrients [18, 20].
As pressure to produce forest biomass for heat and

electricity in Lithuania increases, concern also increases
over environmental impacts, including long-term site
productivity and the future yields of forests. Different
types of forest biomass are used for energy production
in Lithuania, and such use is expected to become even
more economically attractive in the future [58]. The im-
pacts of intensified harvesting could lead to a need for
mitigation of ecological risks, in order to maintain sus-
tainable forest management. At the local level, forest
biomass harvesting must already comply with formal en-
vironmental requirements in final fellings, including pro-
tection of soil, ground vegetation, understory, and
biodiversity [33]. The formal requirements also include
that significant loss of essential plant nutrients from for-
est soils should be avoided. This can be addressed, for
example, by recycling wood ash back to the forest rather
than dumping it in landfills as often happens, and as a
way of sustainably managing waste products from forest
energy.
The Regulations for Forest Fellings [33] include sev-

eral rules for forest harvesting to ensure forest man-
agement remains ecologically sustainable under
enhanced use of forest biomass for energy. The regula-
tions allow forest fuel extraction to be integrated with
other harvest operations if forest soil moisture and
fertility conditions permit. Logging residues can be re-
moved from the site, piled along skid trails or in

stacks, or spread after crushing at the site, but they
may not be burned at the cutting site. Forest residues
can be extracted from clear cut sites for energy use or
other purposes using skid trails. Mechanical equip-
ment travel need not be confined to skid trails when
the ground is frozen or on sites with mineral soils of
normal moisture regime, if the understory is pre-
served. These conditions avoid soil compaction by
mechanical equipment. To conserve biodiversity, a
minimum of 5 m3 ha−1 of logging residues must be left
on clear cuts and the same volume of living ‘biodiver-
sity trees’, mostly of broadleaved species. The rules
allow stump extraction in final harvest areas in com-
mercial forests outside of protection zones, provided
prospective understory trees are saved and soil condi-
tions suitable for regeneration are prepared. However,
stump extraction is not allowed on forest sites with
highly oligotrophic soils, on moderately moist vulner-
able mineral soils and permanently very wet mineral
soils, on undrained peatland soils, or on slopes greater
than 15°.
Lithuanian studies on nutrient balances in inten-

sively harvested Scots pine stands showed that the
removal of nutrients from the forest would be 2 to 3
times more when removing all aboveground bio-
mass—as might be done to supply biomass for en-
ergy from thinnings and from sanitary and final
fellings—than if only stems were harvested [59–61].
However, during the 100-year rotation of such
stands, the nutrient influx (especially N and K) from

Table 4 Sales of logging residues (branches, tops, bark) produced in state forests, 2006–2017 [31, 46].

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Volume of residues sold, mm3 0.076 0.057 0.072 0.080 0.075 0.155 0.170 0.245 0.263 0.251 0.248 0.260

Fig. 5 Comparison of prices (in € GJ−1) of the two raw materials—forest biomass and natural gas—used in heat production. Data source:
Strategy of State Forest Enterprise Activity 2019-2023 [31]
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litterfall would be 4 to 10 times greater than the nu-
trient removals for energy use. Losses of N, P, K, Ca
and Mg would also be partly compensated by atmos-
pheric depositions. For the extraction of forest bio-
mass for energy to be sustainable, it is recommended
that removed nutrients are recycled to the forest.
In recent years, over 30 kt of forest biomass ash have

been produced annually in Lithuania [62]. This makes
wood ash handling one of the main challenges to the
forest biomass for energy sector. This question requires
more attention by authorities responsible for the control
of environmental pollution together with the related
topic of nutrient balances in the forest. The recycling of
nutrients to the forest could be achieved by recycling
wood ash which retains most of the plant macronutri-
ents (K, P, Ca, Mg) other than nitrogen, which is volati-
lised during combustion. In order to be classified as
compensatory fertiliser and allow it to be recycled to the
forest, ash must contain an appropriate quantity of plant
macronutrients and have a minimal effect on forest eco-
systems. However, rather than being classified as a fertil-
iser, wood ash can often be classified only as a waste
product containing very low quantities of plant nutrient
elements, as well as relatively high quantities of toxic
metals such as Cd, As, Cr, Hg, Ni and Pb. Such ash
could cause a negative impact in the soil, if added in
higher amounts. Plants extract these toxic elements from
the soil, or they may be leached into the groundwater
[63]. In addition, radionuclides, especially 137Cs and 90Sr,
may diminish wood ash quality. These radionuclides
were deposited in the western part of Lithuania and in
extensive regions of Belarus after the Chernobyl nuclear
power plant accident on 6 April 1986 [64, 65].
The effects of compensatory wood ash fertilisation on

different components of the forest ecosystem were stud-
ied in 2001–2005 in a long-term field experiment. The
study had six treatments: (a) untreated control, (b) 1.25 t
ha−1 wood ash applied, (c) 2.5 t ha−1 wood ash applied,
(d) 5.0 t ha−1 wood ash applied, (e) 2.5 t ha−1 wood ash
applied with 180 kg N ha−1 and (f) 180 kg N ha−1 ap-
plied as mineral N fertiliser [56–58]. The results showed
that the heaviest application of wood ash did not cause
significant changes in chemistry (including heavy metals)
in the soil, soil solution or vegetation [66–70]. Short-
term chemical changes were found in the organic layer/
forest floor, i.e. increased pH and total concentrations of
nutrients.
The ‘Recommendations for compensating wood ash

fertilisation’ published in 2006 include the main require-
ments of the current legislation [62]. Depending on the
amount of nutrients removed in forest biomass, eco-
logical requirements (see the next paragraph), nutrient
concentrations in the ash, and concentrations of any
toxic heavy metals which may be present, between 3 and

5 t ha−1 of wood ash, or up to 7 t ha−1 with additional N
fertilisers (70–120 kg N ha−1) may be applied to the for-
est over one rotation (approximately 100 years) [62].
Wood ash application is limited to commercial forests
(IV forest group) on sites of normal soil moisture, with
priority given to stands or clear cuts where all logging
residues have been removed. Over one rotation, the rec-
ommendation is for two applications of between 1.5 and
3.5 t ha−1 of forest biomass ash, the first at the time of
thinning, the second, of ash combined with N fertilisers,
when stands are at the medium stand development stage
or close to final harvesting age.
The ‘Recommendations for compensating wood ash

fertilisation’ [62] include some additional environ-
mental requirements: wood ash can be applied in
drained or naturally draining peatland soils; ash can-
not be applied in 20% of forest areas in order to
preserve biological diversity; ash cannot be applied
closer than 50 m from surface water bodies (lakes,
streams, drainage ditches) or poorly drained sites;
ash fertilising cannot be undertaken on snow cover
because of the risk of chemical ash particles leaching
out in spring runoff.
A detailed study was conducted to update allow-

able concentrations of trace metals in dry wood ash
under local environmental conditions in Lithuania.
The study showed that allowable concentrations of
some heavy metals (Cd, Cu and Hg) in wood ash in
some Nordic countries are several times higher than
are found in wood ash in Lithuania (Table 5). There-
fore, based on the earlier ‘Recommendations for
compensating wood ash fertilisation’ and updated
data on wood ash quality, the legal ‘Regulations for
wood ash disposal and use’ were adopted in 2011
[32]. The Regulations do not permit the recycling in
the forest or on agricultural land of contaminated
wood ash containing residues from the paper and
furniture industries.
Some gaps in the knowledge and regulation of the

environmental impact of wood ash recycling still
exist. For example, the regulations do not include any
restrictions on contents of dioxins and radioactive
compounds (137Cs, 90Sr). There are no detailed stud-
ies on the impact of wood ash application on fast-
growing agricultural crops or short rotation planta-
tions. Also, more detailed experimental data are still
needed on impacts of extremely high ash application
rates and on the application of stabilised wood ash.
Even if wood ash application in the forest is still not
being broadly practised, it could sometimes provide
an alternative to other means of ash disposal, such as
in forest road construction.
Based on national regulations, studies and other scien-

tific evidence, key problems or potential risks exist for
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intensive forest biomass use for energy. The production
and use of forest biomass for energy can lead to adverse
environmental impacts on soil and biodiversity. The re-
moval of plant nutrients by intensive harvesting of forest
biomass for energy can cause negative nutrient balances
in soil but could be compensated by recycling forest bio-
mass ash to the forest.

Future perspectives
Since 2010, Lithuania has undergone a fundamental en-
ergy sector transformation driven by common EU and
national policies as well as by European Commission
(EC) ambitions. According to Kim and Wilson [72], the
European Commission stated the ambition to achieve a
fundamental transformation of Europe’s energy system.
The EC’s systematic perspective on innovation empha-
sises the influence that wider social, institutional and
economic processes have on innovation outcomes. In
2008, the Strategic Energy Technology (SET) Plan was
launched to provide strategic planning and coordination
of energy research and innovation activities within the
EU. The SET plan was designed to support EU policy
objectives on climate change, energy efficiency, and re-
newable energy, as well as energy security, energy union,
growth, jobs, and global competitiveness. The SET plan
was implemented through a range of activities. In 2015,
the EC proposed a revised SET plan that was more tar-
geted and used a whole-systems approach to ensure bet-
ter integration across sectors and technologies [73]. This
EU policy laid out the fundamental basis for further
transformations of the energy sector in Lithuania and in-
directly encouraged the development of forest biomass

for energy production in the future through techno-
logical change.
The technological transformation of the energy

sector is closely linked to other EU policies. The EU
has set ambitious climate and energy targets for
2030, including an EU-wide target for renewable en-
ergy of at least 27% of final energy consumption
[74]. The future prospects for renewables in the en-
ergy sector in Lithuania, as in other EU countries,
should be promising, since they can deliver higher
security of supply, lower costs and lower CO2 emis-
sions. In order to increase awareness of the possibil-
ities with district heating, the current district heating
technology must also be enhanced, and the introduc-
tion of new technologies should be prioritized. The
relevant local conditions and resources for energy
must be quantified at national level in order to have
a complete picture [39]. The national goal in
Lithuania is to produce heat with zero CO2 net
emissions by 2050, i.e. to produce heat from renew-
ables only [75]. Lithuania’s energy strategy promotes
the development of district heating systems and co-
generation by financial support and incentive mecha-
nisms. Because of its established national energy
policy, the Lithuanian district heating sector has
already accumulated many new ideas and much ex-
perience in the sector to be shared with other coun-
tries seeking to reduce environmental impacts and
ensure efficient district heating. Lithuania, together
with other EU Member States, faces a challenge to
exploit the full potential of biomass and to contrib-
ute to the decarbonisation of the economy through
its uses for materials and energy. It should promote

Table 5 Comparison of maximum and actual concentrations of trace elements (mg kg−1) in dry wood ash [32, 71], unpublished
results] in Nordic countries and Lithuania

Country Denmark Finland Sweden Lithuania Lithuania

Application Agriculture/
Forestry

Agriculture/
Forestry

Forestry - Agriculture/Forestry

Status Legislation, 2006 Legislation, 2007 Recommendations,
2007

Agrochemical Research Lab,
LAMMC*

Regulations for wood ash disposal
and use

Arsenic (As) - 25/30 30 ~ 4 3

Cadmium
(Cd)

5/15 15/17.5 30 9-11 5/3

Chromium
(Cr)

100 300 100 - 30/20

Copper (Cu) - 600/700 400 200-250 200/100

Mercury (Hg) 0.8 1.0 3 < 0.5 0.2

Nickel (Ni) 30/60 100/150 70 30-35 30/20

Lead (Pb) 120 100/150 300 ~ 60 50/40

Zinc (Zn) - 1500/4500 1000-7000 2500-3500 1500/1000

References [71] [71] [71] Unpubl. [32]

*Data show the measured maximum concentrations of trace elements in dry wood ash from energy plants in Lithuania
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greater sustainable mobilisation of existing timber
and agricultural resources as well as the develop-
ment of new forestry and agriculture production sys-
tems, provided that sustainability and GHG
emissions saving criteria are met [20]. Based on this
document, the main challenges in the next years will
be to increase sustainable use of renewables, includ-
ing forest biomass for energy, as it is a crucial elem-
ent in combatting climate change, protecting the
environment and reducing energy dependency, as
well as contributing to the technological and indus-
trial leadership of Lithuania and the EU. At the na-
tional level, it should also provide new jobs and
growth in rural areas. Regarding specific policy ob-
jectives, monitoring under existing EU and national
legislation and reporting should take place within
the objectives of biomass use for energy to mitigate
climate change, reduce impacts on biodiversity, soil,
water and air, and promote efficient uses of biomass
for energy, including electricity and heating, and
monitoring of prices of raw wood materials [21].
EU bioeconomy trends will also be driving the in-

tensive use of forest biomass for energy production
in the future. In the Lithuanian bioeconomy develop-
ment feasibility study prepared in 2017, the forest
bio-based sector (forestry and logging, production of
wood, paper and furniture) is mentioned as the sec-
ond largest sector, after the food sector, of the
Lithuanian bioeconomy [76]. The potential for devel-
opment of this sector has been increased by the EU
provision that bioenergy will remain the main re-
newable energy source in the pursuit of climate and
energy goals for 2020–2030. Though the use of for-
est biomass is limited by environmental goals prohi-
biting or limiting economic activities, the wood
resources in Lithuania are still used traditionally and
for energy. Due to their attractive price, the suffi-
ciency of local resources, and low emissions, forest
biomass should remain the principal energy source
in Lithuanian district heating systems. For Lithuania,
the increased use of renewables in the energy sector
in place of natural gas means national energy inde-
pendence. Therefore, forest biomass for energy is
considered to have a high potential to remain one of
the most important local renewable energy resources
in the future [77].
Favourable energy policies at EU and national

levels do not, by themselves, ensure future sustain-
able use of forest biomass for energy production in
Lithuania. The production of forest biomass for en-
ergy is influenced by a number of factors. One key
challenge in increasing the use of bioenergy in the
future is to maintain sustainable production. With
the revised Renewable Energy Directive (EU 2018/

2001) [20], sustainability criteria have been adopted
for agricultural and forest biomass. The sustainability
criteria address environmental aspects such as soil
quality, land use and biodiversity. The GHG emis-
sions reduction criteria ensure that bioenergy is only
used if it achieves high emission savings compared
to fossil fuels. The use of forest biomass for energy
production is highly dependent on the potential
amount of biomass in the forests in general and on
factors limiting utilization. In 2014, calculations were
made of the biomass potentials from forests in EU28
countries for 2020 and 2030; for Lithuania, this bio-
mass potential is assessed to be 12.26 mm3 and
13.40 mm3 for those 2 years, respectively [78]. How-
ever, in a real situation, this amount of estimated
potential forest biomass decreases due to certain fac-
tors. Researchers have analysed how the increase in
area of protected forests impacts the biomass poten-
tials. Three factors were seen as decreasing forest
biomass potentials: increase in protected areas,
retained trees, and strict environment criteria. The
Report [78] indicated that stricter environmental
constraints—compared to the reference mobilisation
potential—include no residue removal from less pro-
ductive poor soils and a maximum of 70% residue
removal on other soils. For the low mobilisation
which had the strictest environmental constraints,
stump extraction and application of fertiliser to miti-
gate detrimental effects of removing logging residue
on the soil were not permitted.
An excellent illustration of the regulation and limi-

tations of the use of forest biomass for energy pro-
duction are the EC non-binding recommendations
on sustainability criteria for biomass [79]. These rec-
ommendations are meant to apply to energy installa-
tions of at least 1 MW thermal heat or electrical
power. The recommended criteria include key direc-
tions: restricting the use of biomass from land con-
verted from forest and other high carbon stock
areas, as well as highly biodiverse areas; ensuring
that biofuels emit at least 35% less GHGs than fossil
fuels over their lifecycle (cultivation, processing,
transport). For new installations, this amount rose to
50% in 2017 and 60% in 2018; favouring national
biofuel support schemes for highly efficient installa-
tions; and encouraging monitoring the origin of all
biomass consumed in the EU to ensure its sustain-
ability. The issues mentioned could impact Lithu-
anian energy sector development.
The future intensity of utilization of forest biomass

for energy production will also depend on alternative
uses of the forest biomass and competition with other
types of fuels in Lithuania. Pang et al. noted that the
current technological processes in forest harvesting

Varnagirytė-Kabašinskienė et al. Energy, Sustainability and Society            (2019) 9:41 Page 13 of 19



and wood processing create several distinct types of
forest bioenergy feedstock [77]. Firstly, harvested
stemwood can be consumed for fuel directly, for ex-
ample, as solid-piece firewood. This is primarily stem-
wood that has no alternative material use due to
technical quality flaws (too small, rot, form defects),
but it could also be some fraction of the industrial
wood (otherwise used in construction, for sawmilling,
veneer production, particle board production or as
pulpwood). Secondly, the proportion of industrial
wood from harvested stemwood affects the amounts
of industrial waste produced (sawdust, wood chips
and pulpmill by-products). Thirdly, logging residues
(tops, branches and stumps) left in the forest could
be collected and used. Lastly, there is the recycled
wood that comes from demolishing old structures, re-
cycling furniture, wooden packaging, etc. Within the
energy pathways, a steep increase in biomass con-
sumption is envisaged between 2040 and 2050. This
can be explained by the alignment of RES targets
with the EU Energy Roadmap, along with a gradual
increase in energy demand and a changing technology
structure due to obsolescence of the current power
plants, which makes new investments in energy gen-
eration from biomass more attractive [77].
Sustainable use of forest biomass for energy pro-

duction involves a number of aspects. One is sus-
tainable forest biomass production and delivery to
the consumer’s system. There is no sustainable sys-
tem for supplying forest biomass from local re-
sources in Lithuania. Increasing concerns have been
expressed about the potential sustainability risks as-
sociated with intensive use of biomass for energy,
including those stemming from imports from third
countries [22]. As the demand for solid biomass for
energy production is likely to continue to grow post-
2020, Lithuania faces the challenge of adapting to
differently functioning, state-regulated markets in
neighbouring Eastern countries from which forest
biomass is imported.

Conclusions
Forest biomass is a strategically important renewable
resource for the energy sector in Lithuania. The pol-
itical and economic goal of gaining independence
from natural gas, which was supplied from a single
source at a very high price, encouraged the trans-
formation of the sector. Today, renewables are used
economically and effectively for energy production
and the energy price for end consumers has been
significantly reduced. Further reduction in imports of
primary fossil energy sources is certainly possible
but not desirable. The National Energy Independence
Strategy ambitiously indicates that the share of

renewables in the total final energy consumption will
reach 45% by 2030, and, in the long-term, goals have
been set for the Lithuanian energy sector to be
fossil-fuel free by 2050. The increased use of renew-
ables in the energy sector in place of natural gas
means national energy independence for Lithuania.
A favourable legal network has been created for the

development of biomass energy, which has facilitated
rapid and efficient restructuring of the energy sector
since 2010, especially in district heating. However, the
legislation does not provide long-term guidelines for the
development of renewable energy, which would allow in-
vestors to forecast the needed expansion of the sector
and apply for the needed financial support from EU
Structural Funds.
The replacement of natural gas by renewable re-

sources, especially forest biomass used in heat pro-
duction, has resulted in a significant price reduction
for end consumers. The reduction in central heat
prices was mainly influenced by the increased use of
locally available forest biomass and the emergence of
the biofuel exchange, which is one of the main mar-
ket instruments licensed by the National Control
Commission for Prices and Energy for the exchange
of energy resources within the Baltic region and pro-
motes the use of biomass for heat production. Since
2016, all biomass for energy production has been
purchased on the biomass exchange. It is legally reg-
ulated but allows biomass to be bought outside the
exchange if the price is lower than on the exchange.
The established system of energy biomass auctions
ensures a lower price and prevents unjustified price
increases. The Lithuanian forest biomass market is
strongly influenced by cheaper wood chips supplied
from neighbouring Belarus.
Lithuania must consider the ecological impacts of

increased forest biomass use for energy. Intensive
forest biomass harvesting must be balanced with the
requirements of sustainable forest management. Spe-
cifically, nutritional balance and soil fertility can be
ensured without undesired environmental impacts
through the strict regulatory mechanism now in
place which allows compensatory wood ash recycling
in commercial forests.
Recent work has shown that the Lithuanian energy

sector is moving towards a more sustainable develop-
ment, with several strengths of the structures in place
today, which include abundant forest biomass re-
sources from land under sustainable forest manage-
ment, appropriate legislation and supportive financial
instruments in the district heating sector. The most
critical weakness for sustainable development is the
high amount of imported forest biomass for energy
from Belarus.
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Appendix
Table 6 Overview of legislations and financial instruments for energy sector formation and boosting of forest biomass usage in
energy production in Lithuania

Reference Expected result

Legal regulatory acts formatting energy sector policy:

Renewable Energy Directive (2009/28/EC) of the European Parliament and
of the Council of 23 April 2009 on the promotion of the use of energy
from renewable energy sources (RES) and amending and subsequently
repealing Directives 2001/77/EC and 2003/30/EC [19]. The directive
established an overall policy for the production and promotion of energy
from RES in the EU. It required the EU to fulfil at least 20% of its total
energy needs with renewables by 2020—to be achieved through the
attainment of individual national targets. All EU countries must also
ensure that at least 10% of their transport fuels come from RES by 2020.

National overall target for the share of energy from RES in gross final
consumption of energy in 2020 for Lithuania is 23%.

Renewable Energy Directive (EU) 2018/2001 of the European Parliament
and of the Council of 11 December 2018 on the promotion of the use of
energy from RES [20]. The directive aimed at keeping the EU a global
leader in renewables and helping the EU to meet its emissions reduction
commitments under the Paris Agreement. The new directive establishes a
new binding renewable energy target for the EU for 2030 of at least 32%,
with a clause for a possible upwards revision by 2023.
Most of the other new elements in the new directive need to be
transposed into national law by Member States by 30 June 2021.

In Lithuania, the overall objective for renewables is 45% for 2030,
described as renewables share in the final energy consumption—45%, in
central heating sector—90%, in transport sector—15%, in the final
electricity consumption—45% and renewables share in electricity
generation—70%.

The main energy sector development policy is described in the National
Energy Independence Strategy [13], which has been approved by
Resolution No XI-2133 of the Seimas (Parliament) of the Republic of
Lithuania of 26 June 2012 and amended in the year 2018. The main goal
of this Strategy is to ensure Lithuania’s energy independence before the
year 2020 by strengthening Lithuanian’s energy security and competitive-
ness. The purpose of the National Energy Independence Strategy is to de-
fine the main objectives of the Lithuanian state in the energy sector and
to set national targets for the implementation of strategic initiatives until
2020, as well as to lay down guidelines for the development of Lithuania’s
energy sector until 2030 and until 2050. The implementation of the Strat-
egy is coordinated by the Ministry of Energy and specified in the Strategy
Action Plan.

Lithuania’s energy independence before the year 2020 by strengthening
Lithuanian’s energy security and competitiveness.

The Law on Energy of the Republic of Lithuania [24]. This Law establish
the main aims of energy activities in the Republic of Lithuania as well as
the legal basis of state management, regulation, supervision and control
of the energy sector, the general criteria, conditions of and requirements
for public relations, and the main areas of state energy policy.

Secure and reliable energy supply. Balanced and sustainable developed
the energy sector. Reduced the negative impact of energy activities on
the environment. Promoted the use of indigenous and renewable energy
sources.

The Law on the Heat Sector of the Republic of Lithuania [26]. This Law
shall regulate State management of the heat sector, the activities of the
heat sector entities, their relations with heat consumers, their
interrelationship and responsibility. Objectives of the Law: (1) to ensure
reliable and high-quality supply of heat to heat consumers at minimum
costs; (2) to ensure by law effective competition in heat sector; (3) to de-
fend the rights and legitimate interests of heat consumers; (4) to increase
the efficiency of heat production, transfer and consumption; (5) when
producing heat, to increase the use of indigenous fuel, biofuel and re-
newable energy resources; (6) to reduce the negative impact of the heat
sector on the environment.

Ensured reliable and high quality supply of heat to heat consumers at
minimum costs, effective competition in heat sector. Increased the use of
indigenous fuel, bio fuel and renewable energy resources. Reduced the
negative impact of the heat sector on the environment.

Legal regulatory acts boosting biofuel usage in energy productions

The National Strategy for the Development of Renewable Energy Sources
[23], as approved by Resolution No 789 of the Government of the
Republic of Lithuania of 21 June 2010 approving the National Strategy for
the Development of Renewable Energy Sources. The main objective: by
increasing the share of renewable energy resources in the country’s
energy balance, to meet energy needs in the electricity, heating and
transport sectors to an optimal extent using domestic resources, to phase
out imported polluting fossil fuels, and thus to enhance energy security
and energy independence and to contribute to international efforts in
reducing greenhouse gas emissions. The 2010–2015 Plan of
implementing measures for the National Strategy for the Development of
Renewable Energy Sources, as approved by Order No 1-180 of the Minis-
ter for Energy of the Republic of Lithuania of 23 June 2010 approving the

Increased use of RES. The share of RES in the country's gross final
consumption of energy would reach at least 23% in 2020.
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Table 6 Overview of legislations and financial instruments for energy sector formation and boosting of forest biomass usage in
energy production in Lithuania (Continued)

Reference Expected result

Plan of implementing measures for the National Strategy for the Develop-
ment of Renewable Energy Sources.

Law on Energy from Renewable Sources of the Republic of Lithuania [25].
This law establish the legal basis for state administration, regulation,
supervision and control of the renewable energy sector of the Republic of
Lithuania and organisation of activities in the renewable energy sector,
also stipulate the state regulation and supervision of operations of energy
grid operators, producers of energy from RES and their relations with
controlling authorities. The objective of this law is to ensure the coherent
development of energy use from RES, to promote further development
and the introduction of new technologies, and the consumption of
energy produced, in particular with regard to the international
commitments of the Republic of Lithuania, the objectives of
environmental protection, saving of fossil energy sources, reduction of
reliance on fossil sources of energy and energy import and other State
energy policy objectives, taking into consideration energy security and
reliability requirements and the principles of the protection of consumer
rights and lawful interests in the accessibility, adequacy and sufficiency of
RES.

Increased use of RES. The share of RES in the country's gross final
consumption of energy would reach at least 23% in 2020 and this share
would be further increased.

National Forestry Sector Development Programme 2012–2020 [27]. The
purpose of the Programme is to implement the long-term forestry strat-
egy of Lithuania that would be consistent with the policy of other related
areas, based on the traditions of the country and the requirements of
European Union legal norms, international conventions, resolutions,
agreements and programmes, and determine the objectives and tasks for
the development of the forestry sector for the period until 2020. One of
the tasks of Programme is to balance the volume of thinnings, sanitary
and final fellings of forests, and increase the volume of non-merchantable
timber and forest felling residues used for biofuel production. One of the
target values of the programme is that volume of forest felling residues
and non-merchantable timber used for biofuel production will be increase
and 500,000 m3 will be produced in 2020.

Financial instruments boosting usage biofuel in energy productions:

The 2007–2013 and 2014–2020 Lithuanian Rural Development
Programmes [28]. Measures included in the 2007–2013 Lithuanian Rural
Development Programme promote the use of RES. Aid intensity varies
from 40 to 65% of eligible project costs. The 2014–2020 Lithuanian Rural
Development Programme, as approved by Decision No C (2015) 842 of
the European Commission of 13 February 2015. One of the activities
supported under Measure ‘Modernisation of agricultural holdings’ of the
Lithuanian Rural Development Programme for 2007–2013 is the planting
of short rotation coppice. Aid to the planting of short rotation coppice
may not exceed 434€ per hectare. The aid intensity is up to 50%. Aid for
the activity area ‘Planting of short rotation coppice’ may be applied for by
natural and legal persons lawfully managing agricultural land.
Measures included in the 2014–2020 Lithuanian Rural Development
Programme promote the use of felling waste and biogas. Aid intensity
varies from 40 to 65% of eligible project costs.
Investments in forestry technologies (measure of the 2014–2020
Lithuanian Rural Development Programme) facilitating the supply and use
of RES, by-products, wastes, residues and other non-food raw material, for
the purposes of the bioeconomy.
Support for investments in agricultural holdings. Activities supported
under the measure: (1) production of biogas at a livestock farm from farm
waste. Biogas and heat and power produced can be used only for the
needs of the holding; (2) cultivation of short rotation coppice.

Development of the use of RES.
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