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Foreword
Within the UNDP project “Reducing Barriers to Accelerate the Development of Biomass Markets in Serbia”,
the Terms of Reference (ToR) have been developed for the study/report on short rotation energy crops
plantations in Serbia: biomass production, legislation, market, and environmental impacts – potentials and
constraints.
The Report is to present key effective guidelines for management of short rotation energy crops plantations
in Serbia, by providing a set of useful practical information on potentials and constraints, which are reflected
in the profitability of this type of land use. Such information would be of interest to potential investors and
land owners of different categories of land, but also to researchers, managers, decision-makers at different
levels, and the public in species.
It is of crucial importance to provide basic principles for assessment of potential for biomass production from
such plantations which would be achievable in Serbia. In principle, with the exception of few experimental
fields, the production of wood biomass from short rotation energy crops plantations in Serbia is practically
non-existent, in terms of practical and commercially relevant information for consideration. It is therefore
necessary to collect and analyse the most relevant national and especially international knowledge on the
potential production and yields of wood biomass from short rotation energy crops plantations and the key
factors influencing production and yields, in order to assess the potential resources of wood biomass from
such plantations.
The development of short rotation energy crops plantations for production of energy from renewable
energy sources is a relatively new sector offering considerable expansion potential for producers,
consumers, local communities, and the environment. Thus, European countries have recognised this form
of biomass production and have supported it by the relevant national and EU energy policy objectives.
In this respect the report is expected, through promoting the development of institutional capacities of
the Republic of Serbia, to additionally contribute to and facilitate the adoption of realistic strategy in the
process of establishing such plantations and production of biomass from them. One of the key tasks of
the report is to identify the existing level of inter-sectoral cooperation and provide key recommendations
for enhancement and development of such cooperation, which should clearly profile the roles and
responsibilities of each relevant sector individually.
Since the Republic of Serbia does not have policies relevant to energy crop plantations, nor clear financial
and other incentives, another task of the report is not only to present the potential and constraints, but
also to considerably raise awareness of their relevance, in view primarily of the limited resources available.
In line with this, it is useful to analyse the situation in the EU in the field of energy crops, and assess the
situation from the resources perspective and the economic and environmental perspective, in order to
come up with as realistic a picture as possible for comparison with the situation in Serbia.
These resources would not only alleviate the pressure on the existing forest resources for energy purposes,
but would also open up room for a whole set of new activities and jobs, primarily in rural areas, thus
contributing to reduced depopulation of rural areas and at the same time generating considerable income
at local level.
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According to the identified needs, the ToR sets out the following tasks for the study:
1. Review of energy crops policy in the EU, focusing on
a. Legislative framework,
b. Financial support mechanisms,
c. Sustainability considerations on impacts of cultivations, with focus on soil, water
and biodiversity impact.
2. Assess the potentials and constrains of energy crops growing in Serbia (based on SRP such
as willow, poplar and black locust), focusing on
a. Assessment of possible growth and yield opportunities of the main tree species
planned for SRP (willow, poplar, black locust)
b. Legislative framework,
c. Market potential and constraints,
d. Analysis of energy crops production costs, including the cost of establishment,
cultivation, land lease, and other costs.
e. Key remarks on types of land with potential for energy crop cultivation,
f.

Comparative analysis of advantages and disadvantages of biomass production
from energy crops and other types of production on agricultural land.

3. Recommendations for decision-makers at different levels, and
4. Conclusions.
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1. Introduction
According to the data of the European Commission (2015), energy consumption has been increasing
globally since 1995, from about 9,256 Mtoe in 1995 to 13,642 Mtoe in 2013. At the same time, according to
this Study, energy consumption in Europe in the period 1995-2013 has reduced by about 21%, from 965
Mtoe to 763 Mtoe. Also, the share of renewable energy in total energy consumption globally has increased
significantly, from 1,206 Mtoe (1995) to 1,828 Mtoe (2013).
The Strategy of Energy Sector Development of the Republic of Serbia (SESDRS)1 for the period until 2025,
with projections until 2030, suggests “… a direction of market restructuring and technological modernisation
of the energy sector in the Republic of Serbia, in order for it to be better prepared for a period of increased demand
for goods and services ...” (SESDRS 2014). A major part of energy resources and potentials of the Republic of
Serbia, apart from fossil or conventional resources (coal, oil, and natural gas) and non-conventional fuels
(oil shale), consists of renewable energy sources. According to this document, the potential of renewable
energy sources of the Republic of Serbia is considerable and is estimated at 5.65 million toe annually. The
existing share of renewable energy sources (RES) in the gross final energy consumption (2014) is 20.1%. The
share of renewable energy sources in the primary energy consumption was 4.7% in 1990 and 8.2% in 2010,
which is an increase of 64% (UNDP/UNEP 2012).
The National Action Plan for Use of Renewable Energy Sources (RES) of the Republic of Serbia - NAP (2013)2
sets a commitment for the share of energy from RES in final consumption for 2020 at 27%. As stated in the
NAP for RES, in order to achieve this very ambitious and binding share of RES in the gross final consumption,
the key is to achieve the relevant energy efficiency objectives (in line with the Directive 2006/32/EC).
Within renewable energy sources, biomass has a significant share of total energy potentials of the Republic
of Serbia. Of the total RES potential more than 60% is biomass potential, and its current utilisation is
estimated at about 30% of the total potential. The total energy potential of biomass in Serbia, according to
Aldernović and Parović (2009) is about 2.7 million toe (tons of oil equivalent), which exceeds the total oil
consumption in agricultural production of Serbia. Of that, about 1.7 million toe refers to agricultural residues
and about 1 million toe refers to wood biomass. According to more recent studies (Banjac et al. 2015) and
data from the SESDRS (2014) biomass potential can be estimated at about 3.4 million toe. According to the
above two documents, of the total potential the biggest share refers to wood biomass – 1.53 million toe
and to agricultural biomass potential – 1.67 million toe (residues from crops farming, livestock breeding,
fruit growing, vineyards, and primary fruit processing), while the potential of biodegradable communal
waste was estimated at 205,000 toe.
A very general definition of biomass is that it is the amount of living plant and animal matter above and
under ground and water in a certain period of time per unit of surface (Pellinen 1984). Essentially, biomass
is the biodegradable part of different products and depending on its type and origin it can be classified as
forestry biomass, agricultural biomass, biomass from so-called energy crops, biomass from animal farms,
and biomass from communal waste. Energy crops can be formed from herbaceous (‘first generation’) or
woody (‘second generation’) raw material. Practically all European countries are witnessing increasing
demands for wood biomass most of which comes from forestry, and at present the biggest additional
biomass potential can be based on energy crops plantations consisting of short rotation woody crops on
former farming land, but also other less favourable sites, in which these crops can generate for their owners
and the society at large a whole set of different economic and environmental benefits.

1
2

http://www.srbija.gov.rs/vesti/dokumenti_sekcija.php?id=45678
http://energetskiportal.rs/dokumenta/Strategije/Nacionali%20akcioni%20plan%20za%20obnovljive%20izvore%20energije.pdf
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It should be noted in this context that there are two forms of biomass production within the forestry sector,
named “Short Rotation Forestry – SRF” and “Short Rotation Coppice – SRC”, as special forms of forest
plantations. Two key distinctions between these two forms of biomass production refer to the duration
of the rotation period and types of tree species used for setting up plantations. This report will not discuss
or analyse in detail the said two forms of biomass production from energy plantations and they will be
referred to jointly as short rotation woody crops plantations (SRP).

According to Eppler and Petersen (2007), SRF is planting and cultivating tree plantations which are
cut at 8-20 years intervals, while SRC is characterised with much shorter rotations, of 2 to 4 years.
Christersson and Verma (2006) provide a somewhat ”generalised definition” of these biomass
producing crops, stating that essentially SRF is production of woody biomass in dense plantations of
fast-growing varieties, where threes grow individually or in form of coppice bushes, with rotations less
than 30 years and with current annual yield of at least 25 m3 or 10 tons of dry matter per ha. According
to Dillen et al. (2011), SRC is ”long-term” crops, which can be of up to 25 years. Bianco et al. (2014) note
that SRC can be considered a variety of SRF, representing systems in forestry for biomass production.
According to these authors, SRC is part of SRF and represents a specialised and more intensive form
of SRF intended mostly for energy purposes. A similar definition was provided by Wolbert-Haverkamp
and Musshoff (2014), who under the term SRC (Short Rotation Coppice) imply the form of biomass
production by planting and cultivating tree plantations on agricultural land of different categories of
quality, which are cut in intervals of several years.

The system of short rotation plantations of trees, as a form of production of biomass and bioenergy in short
time intervals, was first developed in Sweden during the 1970’s, as a result of the so-called fuel crisis, with
the intention to partially substitute fossil fuels by new sources of energy and thus reduce dependency on
environmentally less friendly fossil fuels (Sirén et al. 1987). A special ’catalysing’ effect on short rotation
plantations (SRP) resulted from the famous and often mentioned Rio Conference in 1992. Along with
different forms of support, subsidies, and promotion of this type of biomass and energy production, which
have been intensified in the EU since the 1990’s, there were expectations of very rapid development of
SRP and their vast spreading. There were even some estimates which led to expectations that millions
of hectares of arable agricultural land in Europe would be transformed into SRP (Dimitriou et al. 2009).
Although such expectations have not materialised, SRC for biomass production for heating and electricity
generation have been recognised as the most energy efficient form of carbon “conversion” technology in
order to reduce the “greenhouse effects” (Styles, Jones 2007).
Types of tree species most often used for bioenergy production in short rotation plantations in Europe are
willows and poplar. Willows and poplar have been recognised already by Anderson et al. (1983) as highly
efficient in producing wood biomass within the system of SRP and an integral part of agricultural production
in regions of temperate climate characteristics. These species are most often grown in northern and central
parts of Europe. In warmer climate regions, such as the Mediterranean region - Italy, France, and Spain –
energy plantations mostly consist of poplars and more often eucalyptus (Gasol et al. 2009). Thus, under
poorer site conditions of southern Spain, eucalyptus (E. Camaldulensisii) can produce significant yields of
dry biomass (19 t/ha annually) in three-year rotations (ROKWOOD 2005). In recent years, eucalyptus is used
for bioenergy purposes to a certain degree in Great Britain and Ireland (Dimitriou, Rutz 2015). Black locust
plantations for the same purpose are mostly grown in Hungary, Italy, and Greece.
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Table 1-1. Area in hectares under intensive willow and poplar plantations for bioenergy
purposes in Europe
(Average for the period 2006 - 2008)
Country

Willows

Poplar

Belgium (only Flanders)
Bulgaria
Check Republic
Denmark

2,500

Germany

500

Ireland
Greece
Spain

18

France

500

Italy

6,000

Hungary
Netherlands
Austria
Poland

7,000

Romania
Finland
Sweden

13,000

Great Britain

5,500

TOTAL

28,500

6,518

Source: Panoutsou et al. (2011)

Additional “candidates” for SRC are the following woody species: Ulmus, Platanus, Acer, Corylus, paulownia,
Acacia saligna, etc. Thus, in marginal lands in Sicily, Acacia saligna has demonstrated very good growth and
biomass production properties comparable in these respects only to eucalyptus, especially E. camaldulensis
(Facciotto, Nervo 2011). A summary overview of wood species which can be used for SRP in the European
region could be as follows (Bianco et al. 2014): autochthonous (Betula pendula, Betula pubescens, Corylus
avellana, Populus spp., Salix spp, Rhamnus frangula, Juglans regia), alochtoneous (Acer negundo, Ailanthus
altissima, Juglans nigra, Eucalyptus camaldulensis, Pawlonia tomentosa, Robinia pseudoacacia) and different
clones of Populus x euramericana.
For commercial purposes, plantations of these species are quite common in some European countries,
while in others they are practically non-existent (Table 1-1). For example, poplar and willows are the only
species grown as short rotation plantations in Check Republic, as they are the only fast-growing species
which are most promising for the given conditions. On the other hand, according to Dimitriou et al. (2014),
in Croatia and Greece there are no SRP for this purpose, but only for scientific research purposes (in total
about 94 ha in Croatia) and for other purposes (more than 13,000 ha in Greece).
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Also, although there are numerous economic and environmental benefits of SRP relative to the traditional
use of land in agriculture, the use of such plantations for commercial purposes is not very widespread. An
interesting example of this is the FR Germany. This country uses about 5,000 ha for SRC, although certain
authors suggest that only in the north-east part of Germany the area under this type of plantations could
be as high as 200,000 ha (Wolbert-Haverkamp, Musshoff 2014), while German Government directives state
that by 2020 the area under SRP should increase up to 450,000 ha (Nitsch 2008).
According to the data on technically usable potential of RES (dating from 2012) in Serbia (SESDRS 2014)
there is no data on available, unutilised or total technical potential of so-called energy crops, or biomass
from plantations of various perennial fast-growing plants and trees in agricultural and other lower quality
land which are cut at intervals of several years. Having this in mind, as well as the fact that the share
of wood in final energy consumption in Serbia is about 14%, the SESDRS (2014) therefore puts special
emphasis on the fact that “… the potential of biomass (especially from agriculture) is a dynamic category and
that its increase requires relevant activities to be undertaken for utilisation of non-arable land and utilisation of
marginal land for production of biomass for energy purposes (energy crop plantations) ...”.

Definition of “marginal land”
Depending on land management and climate characteristics, the term ”marginal land” can apply to
all three types of land use (agricultural land, pastures, and forests). There are different definitions of
marginal land depending on the perspective (economic issues, fertility, risks, etc.). Some lands, which
are economically classified as “marginal” often have great environmental value. SRP can be established
for instance on steep slopes (to prevent erosion), on fertile land prone to flooding, on land under
transmission mains, etc.
Marginal land can be moderately or highly polluted land, flood-prone land, land under transmission
mains, land along railways, or land in areas of landslide risk. Such types of land are a good opportunity
for SRP management, since SRP can tolerate and grow satisfactorily under unfavourable conditions (ex.
land polluted by heavy metals, anaerobic land conditions, less fertile land, flood-prone land, etc.). In
such areas, except for SRP, it is not possible to grow many other crops. Although the expected biomass
production and land use efficiency in such areas will be very low, they are nevertheless interesting for
cultivation of SRP as this avoids competition with other crops which can be grown on better quality
land, and it offers a number of environmental advantages. However, in certain areas, for example
in marginal land of high bio-diversity, there is an environmental risk of possible negative effects of
establishing and cultivating SRP.
(Dimitriou et al. 2014)
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2. Review of EU policies related to
energy crop plantations

2.1. Legislative framework
2.1.1. General remarks
One of 5 key objectives of the EU Development Strategy by 2020 is the increase of the share of renewable
energy in the total energy consumption to 20% (Eurostat 2015). However, as stated in the Directive 2009/28/
EC the desired share of RES in the gross final energy consumption in EU member states by 2020 differs
significantly among the countries and the “target” share for this type of energy in total energy consumption
can range from only 10% (Malta) to 49%, as adopted for Sweden (Table 2-1). In order to achieve the set
target shares of RES it is also necessary to put in place adequate national legislation and harmonise it with
the EU legislation.
In principle, at the European level, there are very few separate laws on energy plantations of fast-growing
trees. This aspect of biomass production is not subject to other laws either (such as laws on forests or
laws on renewable energy sources), which are relevant to the issue of establishing energy plantations and
production of energy from such sources.
Generally speaking, the EU legislation, which in some respects and from certain points of view treats the
issue of biomass production from fast-growing energy crop plantations, does directly or indirectly mention
this topic in a number of documents, the most relevant being:
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The Green Paper on Energy Efficiency, or “Doing More with Less” (COM (2005) 265 final)
The Green paper attempts to act as a catalyst, which resulted in the repeated energy efficiency initiative
at all levels of European society (EU, national, regional, and local). The Green Paper also attempts, through
leadership, to contribute significantly to international efforts to “move things forward” and mitigate
climate change through energy efficiency.

The Biomass Action Plan (COM (2005) 628 final)
This communication sets a series of Community actions aimed at increasing demand for biomass,
improving the supply, overcoming technical barriers, and promoting development research.
EU Forestry Action Plan (COM (2006) 302 final)
The Action Plan includes for main goals: improving long-term competitiveness, improving and protecting
the environment, contributing to quality of life and improving coordination and communication.
Directive 2009/28/EC of the European Parliament and the Council of 23 April 2009 on the promotion
of the use of energy from renewable sources and amending and subsequently repealing Directives
2001/77/EC and 2003/30/EC
This Directive establishes a common framework for promotion of energy from renewable sources in order
to limit the emissions of greenhouse gasses and ensure cleaner transport. To that end, national action
plans are defined, and procedures for promotion of biofuel use. This Directive foresees the increased share
of renewable energy in the total energy consumption. Article 4 of this Directive states that each Member
State shall adopt a national renewable energy action plan and set out Member States’ national targets for
the share of energy from renewable sources consumed in transport, electricity and heating and cooling
in 2020, taking into account the effects of other policy measures relating to energy efficiency on final
consumption of energy, and adequate measures to be taken to achieve those national overall targets.
Directive COM (2012) 595 final
The proposed Directive amending the Directive 8/70/EC as regards the quality of petrol and diesel fuels
and amending the Directive 2009/28/ EC on the promotion of the use of energy from renewable sources
Staff Working Document SWD (2014) 259 final
This document refers to the state of sustainability of solid and gaseous biomass used for electricity,
heating, and cooling in the EU.
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Table 2-1. “Target” share of RES in gross energy consumption for EU countries by 2020
Share of RES in GFC of energy (2005)

Share of RES in GFC of energy (2020)

Belgium

2.2%

13%

Bulgaria

9.4%

16%

Check Republic

6.1%

13%

Denmark

17.0%

30%

Germany

5.8%

18%

Estonia

18.0%

25%

Ireland

3.1%

16%

Greece

6.9%

18%

Spain

8.7%

20%

France

10.3%

23%

Italy

5.2%

17%

Cyprus

2.9%

13%

Latvia

32.6%

40%

Lithuania

15.0%

23%

Luxemburg

0.9%

11%

Hungary

4.3%

13%

Malta

0.0%

10%

Netherlands

2.4%

14%

Austria

23.3%

34%

Poland

7.2%

15%

Portugal

20.5%

31%

Romania

17.8%

24%

Slovenia

16.0%

25%

Slovakia

6.7%

14%

Finland

28.5%

38%

Sweden

39.8%

49%

Great Britain

1.3%

15%

Source: Official Journal of the European Union, 2009
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2.1.2. Legislative framework in some EU member states related to SRP
Depending on costs and revenues associated with the production, the conversion of agricultural land and
typical forest land towards establishment of SRP can prove to be profitable for land owners, provided that
there is an adequate legislative framework in place. This section will present some of the most relevant
experiences of some EU member states with respect to legal provisions for SRP for energy purposes, in
form of a brief overview of the legal framework and possible problems at the national and the EU level. The
information presented in this section resulted from a joint teamwork of Dimitriou et al. (2014) within the
SRC+ Project.

The Republic of Croatia
Summarising the results of the Project part relevant to legislation the basis conclusion can be drawn that
SRP are not legally regulated in this country, and it is not quite clear if SRP are considered to be forest
plantations of agricultural plantations, and thus it is not clear what land they can be cultivated on.
However, communication with the Agency for Agricultural Payments reveals that SRP can be cultivated
also on any type of agricultural land.
Some of the key provisions within the legislation related to SRP in Croatia are as follows:
•

List of forest species (OG 4/11) defines willow, poplar and their hybrids, and black locust as forest
species. The Ordinance on the areas of provenance of forest tree species of economic significance (OG
107/08, 147/11) defines the provenance of willow and poplar. Willow and poplar as forest plantations
are defined by the Ordinance on forest management (OG 111/06, 141/08) as artificially established
stand with application of agro-technical measures on productive forest land not covered with forest.
However, SRC plantations and SRC reproductive material as such are not mentioned in any legal
regulations connected to forestry.

•

Law on agricultural land (OG 39/13) defines the types of cultivation that are considered as agricultural
land (plough-fields, meadows, orchards, etc.). SRC are not mentioned in this law either. If SRC
production would be considered as agricultural production, it would be important to define the type
of the land where SRC can be grown in order to avoid conversion of highly productive land into SRC
plantations, especially since in Croatia there are significant hectares of marginal land which are not in
the production and could be used for SRC development.

•

If SRC are to be developed at abandoned land, it is important to note that according to the Regulation
on necessity for environmental impact assessment (OG 61/2014) if previously uncultivated or partly
natural area with surface of 10 ha and higher should be converted to intensive agricultural farming,
one must perform environmental impact assessment, for the authorized governing body in the county
is in charge.

•

SRC are briefly and directly mentioned in the Ordinance on enforcement of direct payment program
and individual measures of state support to agriculture in 2014 (OG 27/14), where it is stated that
SRCs are eligible for direct payment if kept in good agricultural conditions. Eligible species are listed
in the Ordinance and include Alnus glutinosa, Betula sp., Carpinus sp., Castanea, Fraxinus, Populus,
Robinia pseudocacia, Salix, with maximal harvest cycle of 20 years. The hectares under SRC need to
be registered in ARKOD system (this is under development) and good agricultural and environmental
practice needs to be applied. However, a sub regulation that should define this in depth is to be
prepared, meaning that operationally it is not possible to receive subsidies for SRC. Furthermore, the
list of species and the period of rotation may need a revision.

•

The Agency for Payment in Agriculture, Ministry of Agriculture and other relevant institutions are
currently working on amendments of Ordinance on evidence of agricultural land usage (OG 149/11,
131/12, 24/13, 9/14). The activities include the introduction of a new code for SRC and the definition of
a methodology for the registration of SRC areas.

•

The Ministry of Agriculture is at the moment engaged in the development of a national model for
direct payment in agriculture in the frame of a reform of the Common Agricultural Practice 2015-2020.
According to the draft propositions, SRCs are proposed, but not planned to be a part of Greening
scheme (Ministry of Agriculture, 2014).

Republic of Serbia
Ministry of Mining and Energy
Ministry of Agriculture and Environmental Protection

17

Empowered lives. Resilient nations.

Contents

The Czech Republic
Poplars and willows are the only species growing as short rotation plantations in the Czech Republic as
they are the most promising and fast-growing species in the country. They are characterised by a high
yield of above-ground biomass. The Ministry of Environment approved a list containing 25 clones of
willows and 19 clones of poplars.
In the Czech Republic, growing of energy crops and fast-growing trees is regulated by legislation,
especially by the directives of the Ministry of Environment and the Ministry of Agriculture. SRC
plantations for energy purposes are considered as agricultural crops and are treated therefore under
the agricultural regulations, although thez are also regulated by certain other regulations related to
management of such plantations. Thus, the issue of establishment and management of SRP relies directlz
on the Law on Nature and Landscape Conservation (Article 114 / 1992), providing recommendations
for landscape characteristics and functions, protection of flora and fauna, trees protection, and it points
to different directives related to site protection, etc. Another key law dealing with SRP issues is the Law
on Seeds and Planting (Article 219/2003), especially in the context of trading in planting material for
SRP, as fast growing species of trees and energy crops are categorised in the Law as decorative plants
in Article 25 (propagating material of ornamental species). SRC are directly mentioned in paragraph 6
as “intensive culture of fast growing trees for energy purposes”. Planting material (cuttings, cores and
possibly plants) can be supplied only by farmers registered at the Central Control Agricultural Institute
(CCAI) and State Phytosanitary Care (SPC) in compliance with statutory conditions of so called “critical
points” such as keeping records of sales or control of quarantine pests. SPC or CCAI are monitoring the
compliance in line with the defined legal provisions.
.

The Federal Republic of Germany
According to the German legislation and the amended German Federal Forests Act of 2011, SRC
plantations are not forests as long as the harvest is performed within 20 years (short rotation). Therefore,
the status of the field is not changed with an SRC plantation. The result of this amendment is that no
permissions are needed in several German federal states. However, NGOs active in nature protection
and conservations can hinder a successful new SRC plantation. Therefore, it is important, to contact the
local nature conservation authority in order to get their permission.
There is a separate problem with establishing SRP on grassland (pastures and meadows), since this
requires considerable agro-technical measures in order to prepare the land for planting, as well
as cooperation with local NGO’s for nature conservation, and respect of provisions of the Common
Agricultural Policy (CAP), harmonisation with environmental protection conventions and so on. The
essence is to demonstrate that establishment of SRP will increase biodiversity and environmental
benefits of existing grassland and surrounding landscapes.
Common Agricultural Policy along with accompanying regulations and directives, regulates this field
in terms of space and financing and these issues are under the competences of the federal states. This
each federal state has its own regulations on subsidies and when a new SRP is being established the
possibility to receive subsidies can be checked at the FRN website3.

3

http://energiepflanzen.fnr.de/pflanzen/mehrjaehrige/energieholz/kupfoerderung i http://bioenergie.fnr.de/ru/rahmenbedingungen/foerderung/kup-foerderung
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Latvia
The existing legislation of Latvia categorises SRP as either agricultural crops or plantation forestry. As
agricultural crops are categorized the crops with a rotation period of maximum 5 years before harvest,
such as Salix spp., Populus spp. and Alnus incana, while aspen is a “forest species”, with longer rotations
and under the competences of forestry legislation.
In terms of land use, in Latvia there is no necessity to apply for permission to plant SRC as agricultural
crops, since the status change of land use is not necessary. No establishment support/subsidy exists,
except the direct farm payments for the farmers as prescribed by EU directives, where only registered
farmers are qualified for EU support within farming “schemes”. If the plantation is established on
agricultural land and no active management occurs, these are characterized as non-operating and are
taken out from data bases.
Establishing forests by planting is allowed also in land where afforestation is not in conflict with
territorial plan documents. Where afforestation is not contrary to the territorial planning documents
specified requirements. If the documents referring to afforestation are not directly specified, planned
afforestation should be discussed with the municipality.
Willow clones are developed for SRC, but theoretically could be also recommended for plantation
forest. Rules of cabinet of ministers “Forest reproductive material usage” associated with Forest Law
describe how to collect certificate planting material, regulate forest planting material propagation, and
set regions where different material should be used (Rules of Cabinet of Ministers No 159).
Forest trees should have a certificate of forest reproductive material, which implies that for material
coming from abroad, either a decision of LSFRI Silava should be asked or these should be registered
as “forest reproductive material source” (Rules of Cabinet of Ministers No 159). The owners of young
plantation forest do not pay property taxes for grey alder during the first 10 years, and for other
deciduous species for the first 20 years (Law on Immovable Property Tax).
Source: Dimitriou et al. (2014)

One of the issues in legislation on establishing and cultivating SRP refers to legal constraints with respect
to growing short rotation woody species in agricultural land. Namely, the “rules” for use of Salix and Populus
species in agricultural land need not be the same as for their use in forest land. In this context, for instance,
in Nordic and Baltic states (Denmark, Finland, Norway, Sweden, Estonia, Latvia) it is allowed to use these
tree species, but only if they are used for energy purposes, as plantations with rotation shorter than 10 and
20 years (Rytter et al. 2015).

2.2. Financial support schemes in the EU
Investments in production of renewable energy sources, and thus of energy crop plantations of short rotation,
requires financial support (subsidies), since these”activities” are not only burdened by considerable costs
of energy generated per unit of area or unit of energy generated, but they are burdened also by significant
investment risk due to a number of uncertainties in production (technology, weather conditions, change
of SRP policies, changes resulting from conflict of interest among different social and economic sectors,
insufficient investment in final consumption plants, etc.). Each ”negative” change in policy of the state
regarding SRP is reflected on capacities and production of biomass from SRP, as well as on future strategy of
land owners regarding new plantations for this type of crops. This can be illustrated by a specific experience
of some farmers in a country bordering directly with Serbia, who started intensive establishment of SRP
(personal contacts and experience). Somewhere in 2008, the state started by introducing subsidies of EUR
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800 for establishment and management of SRP (primarily willows Salix viminalis, clone ”Inger”) and very
soon (by 2010) about 500 ha was used for this purpose, with great interest among farmers to establish such
plantations. However, since the price of one ton of wood chips was quite high, the only plant for utilisation
of biomass from SRP started using the cheaper saw dust, which was arriving from neighbouring countries,
soon followed by cheap coal, putting producers from SRP in a very unfavourable position. Additionally,
their position was further aggravated in 2011 when the government revoked the subsidies. As a result of
this, most farmers abandoned this form of production, and those who persisted they significantly reduced
their investments and costs (no fertilizer, no irrigation, extended rotation, and cutting after longer time
periods due to associated costs, etc.).
With respect to the issue of subsidies in the EU context, it is possible to state that the only system of financial
support to SRP is defined in Article 34, para 2, of Council Regulation (EC) 73/2009 establishing common
rules for direct support schemes for farmers under the common agricultural policy, amending Regulations
(EC) 1290/2005, (EC) 247/2006, (EC) 378/2007 and repealing Regulation (EC) 1782/20034.
The said Article defines that it is possible to receive support for establishing ligno-cellulose plantations on
agricultural land, in line with the common agricultural policy, if payment entitlements are activated per
”eligible hectare”. This means practically that short rotation coppice plantations marked “CN code ex 0602
90 41”, established on agricultural area and used for agricultural activity, but activity predominantly used
for traditional agricultural purposes, the farmer is entitled to financial support from EU funds.
Support mechanisms for RES, generally, can be in different forms, from subsidies for purchasing, installation
and further application of relevant technology (equipment), to subsidies for capital investments in
establishing plants for final consumption, creating conditions for supply chains for this type of energy, and
support intended to providing consultancy and advisory services.
There is for each EU member state, as already mentioned, the estimated ”target” percentage share of RES
in the gross final consumption by 2020, but it is left up to the government of each state to select which
support mechanisms are to be implemented in order to achieve the set target share of RES. As a result of
this there are at the EU level numerous forms of support to development of use of renewable energy5.
Key mechanisms within national policies supporting the development of RES include (Climate Policy Info
Hub - CPIH)6:

1.
2.
3.
4.
5.
6.
7.

”Feed-in tariffs” (FIT) mechanism
”Feed-in premiums” (FIP) mechanism
”Quota obligations” mechanism
”Soft loans” mechanism
”Subsidies for investments” mechanism
”Incentives tax” mechanism
”Auction scheme” mechanism

Of the above, Van der Lnden et al. (2005) state that the key policy instruments used in EU member states for
production and achievement of targets for RES the following: (1) quota obligations system, (2) FIT system,
and (3) the tendering system.

4
5
6

http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32009R0073&from=en
https://ec.europa.eu/energy/sites/ener/files/com_2013_public_intervention_swd04_en.pdf
http://climatepolicyinfohub.eu/cost-effectiveness-eu-renewable-energy-support-systems
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”Feed-in tariffs” (FIT)
The use of FIT system of support guarantees continued retail prices for physical persons or organisations
engaged in RES. The costs for this type of funding can come from tax revenues (public budgets or they can
be redirected to market participants, such as electricity suppliers, which then ”socialise” such costs among
electricity consumers. This form of support for development of the use of RES has been proposed and
implemented in many EU countries (Austria, Bulgaria, Croatia, Check Republic, France, Germany, Great Britain,
Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxemburg, Malta, Portugal, Slovakia, Slovenia, and Spain).
”Feed-in premiums” (FIP)
The Netherlands has introduced a kind of ”feed-in premium” which is a form of fixed payment for ”qualified
energy producers” from renewable sources (Van der Linden et al. 2005).
This kind of support (”feed-in-premium” scheme) provides fixed compensation for qualified energy producers
from renewable sources and it has been selected as the best instrument for the Dutch situation in order to
achieve the determined target at the national level. Apart from the Netherlands, other EU member states
implementing FIP schemes include Cyprus, the Check Republic (in combination with FIT), Denmark, Estonia,
Finland, Germany (in combination with FIT), Italy (in combination with FIT and other schemes), Slovenia (in
combination with FIT), Spain (in combination with FIT).
Under the FIP scheme, plant operators need to supply the generated electricity to the market and in return for
this they receive additional funds above the price defined in the electricity market, either as a fixed payment
or as a floating market price in order to limit price differences for plant operators and risks of generating
greatest profits at the same time. The revenue risk is higher in the case of FIP schemes compared to FIT
schemes.
Additionally, both FIT and FIP are price instruments which are not in themselves volume limited. The
government sets the fixed amount of funds available, the amount being determined on the basis of ration
between technology costs and the amount of feed-in tariffs determined for certain technologies.
”Quota obligations”
A number of EU member states have introduced the so-called ”quota obligations”. In comparison to FIT / FIP,
this means that the government sets the quantities and the market determines the price. The minimum share
of supplied energy from renewable sources is defined, but in a way that this share increases incrementally
over time. Suppliers can trade in certificates for electricity from renewable sources if they cannot achieve
the minimum share through their own production. Certificates must be submitted to the competent
authority, and the electricity is sold in the conventional market. The major advantage of ”quota obligations”
in the market of tradable green certificates (TGC) is high compatibility with market principles and setting
a competitive price. However, premiums of high risk which result from uncertain future trends of prices of
electricity and of the certificates themselves usually increase the price. Quota obligations are not used only
to support generation of electricity from renewable sources, but also to increase renewable sources in the
transport sector, through policies supporting biofuels.
The quota schemes are used in Belgium, Great Britain (in combination with FIT), Poland, Romania, and
Sweden.
”Auction schemes”
Other options for support to renewable energy sources include auction schemes, like tenders, for granting
of financial support for different RES technologies, and identifying other support schemes, like ”feed-in
systems” in the auctioning procedure. There are different forms of auctions, but most frequently used are the
ones with sealed bids or conventional public auctions or a combination of the two. Public auctions are, for
instance, used in Denmark, the Netherlands, and France.
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”Soft loans” and ”Investment subsidies”
Fiscal subsidies, such as grants and investment subsidies, are the most popular mechanisms to promote
heating and cooling based on renewable energy sources. In view of schemes for financial support in the EU,
some countries like for instance Great Britain, Sweden, and France, motivate farmers to establish/cultivate
SRP by subsidies for cost reduction for the establishment of such plantations (Larsson, Lindegaard 2003,
cit. u Eppler, Petersson 2007).

2.3. Considering sustainability and impacts of SRP on soil, water
and bio-diversity
2.3.1. Special considerations
Due to the demands for increasing the use of renewable energy sources in order to achieve the EU targets
by 2020, short rotation energy crops plantations are playing an increasingly prominent role as a source of
biomass. In view of the many specific features characterising this form of producing renewable energy it could
be expected that the expansion of SRP will have greater or lesser impacts on soil, water, biodiversity, and many
other eco-system services.
The impacts of SRP on the environment and some of its components (soil, biodiversity, water) have been studies
through different projects, studies, reports, scientific work, and other forms of research work. Specifically, the
focusing of EU highest level decision-makers on intensive introduction of SRP in arable land has it positive and
negative consequences. Also, the environmental impacts of establishing and managing SRP depend, firstly, on
the manner of land use and intensity of management, but also on whether this form of production is planned
on existing agricultural land, abandoned quality land, or land of inferior quality. Commercial production of
biomass from SRP, of course, implies a rather intensive management and application of different treatment
methods and technologies much more so than in the case of having this land, instead of using it for SRP, be left
to ”develop spontaneously”.
This section of the report will present some of the major potential impacts of SRP on the environment and the
need of humankind generally, based on knowledge from different technical references.

2.3.2. Impacts on bio-diversity
Based on the presently available knowledge it is not possible to present comprehensive or complete
conclusions regarding the impact of SRP on biodiversity, as there is very limited research of impacts of SRP
on this aspect of the environment and the limited research which there is focuses mostly related to SRP in
existing agricultural arable land, and much less on SRP in abandoned and other form of land. Also, it is possible
to say that there is no uniform methodology for assessment of impacts of SRP on biodiversity. Additionally,
the potential to increase biodiversity will to a great extent depend also on the way that SRP is distributed and
established, especially the length of plantation edges and their spatial distribution on abandoned areas in the
direct vicinity, as well as presence of fences and individual solitary trees in the vicinity (Hardcastle et al., 2006).
Having this in mind, the results of the CREFF7 project clearly suggest that ”biodiversity preservation” in SRP
must be evaluated relative to the previous state of the area in which SRP is established and relative to the direct
surroundings in which SRP is located.
It is nevertheless still possible to state some specific observations, partly generalised, since the level of SRP
impacts on biodiversity, apart from the above, also depends on the initial state of the land, the method of its
use at that time, the technology used, etc. in this context and in the context of the available knowledge, it can
be concluded that assessment of the nature of impacts of SRP establishment and management of biodiversity
can be made from different points of view and is most often positive (Rich et al. 2001). This part of the report
shall look into the impact of SRP on plant (phytodiversity) and animal life diversity (zoodiversity).
7

CREFF – Cost Reduction and Efficienecy Improvement of Short Rotation Coppice - Technical guide Short rotation coppice. 39 p.,
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Impact of SRP on biological diversity
The impact of SRP in biological diversity can be analysed from a number of different perspectives: composition
of plant species, species richness, groundcover vegetation, or relative to the previous manner of land use, etc.
The major way of considering the impact of establishing and managing SRP on plant biodiversity is by
comparing the level of this biodiversity in SRP and diversity of other kinds of arable land use in the vicinity. As
has already to some degree been noted, SRP very quickly contributes to increasing biodiversity of plant and
animal life compared to pastures and meadows and especially agricultural areas managed in conventional
ways, characterised by the lowest level of plant life diversity (Dimitriou, Rutz 2015, TEAGASC, AFBI 2015).
Similar conclusions are made by also by Rockwood et al. (2004) and Baum et al. (2009b) who, when comparing
conventional agriculture to SRC state that SRC offers advantages from the point of view of increasing biological
diversity. However, when comparing SRC plantations with mixed deciduous forests of old-growth forest type,
the level of plant life biodiversity is nevertheless much lower in SRC (Baum et al. 2009b).
Therefore, there are sufficiently clear indications that the level of biodiversity in SRP is greater than in other
surrounding arable areas. To this purpose the results by Britt et al. (2007) and TEAGASC and AFBI (2015) are
illustrative. Britt et al. (2007) determined that the number of plant species (species richness) in SRP is greater
than on surrounding arable areas. Similarly, results of analysis of plant life diversity in SRP of willows in Great
Britain (TEAGASC, AFBI 2015) showed that this type of diversity in SRP is stronger than the determined level of
biodiversity on all farms in sites across Great Britain, with recorded 151 plant species.
Additionally, the number of plant species is not the same in the year of establishing the SRP, at the end of the
first year, or at the end of some future year of SRP management. Essentially, the number and composition
of species most strongly depend on the demand of a certain species for light. At the very beginning of SRP
establishment the number and composition of species is the greatest because, due to absence of tree tops and
assemblies, the light intensity is the highest. In principle, the number of plant species, most often, increases
over the first two years after establishing the SRP after which as the plantation ages this number gradually
decreases (Wolf, Böhnisch 2004).
A similar conclusion can be made with respect to rare and endangered ”red list” plant species depending
on the year (rotation) of SRP management. The number of such plants reduces with the increasing of the
assembly of SRP of poplar after two years, suggesting that the shorter rotation would likely have a positive
effect on occurrence and survival of rare and endangered plant species (Dimitriou, Fištrek 2014).

Introducing individual alochtoneous (foreign) species to SRP can be a reason for concern, especially
for species such as, primarily, Eucalyptus (Searle, Malins, 2014) or to a lower degree Paulownia, whose
plantations demonstrate a low level of biodiversity.
Impact of SRP on animal life diversity (zoo diversity)
As in the case of impact of SRP on other aspects of the environment, animal life diversity has not been
sufficiently studies (Shulz et al. 2009, Bianco et al. 2014). In this context, Shulz et al. (2009) and Dimitriou et al.
(2011) state that greatest attention of researchers so far was directed to impact of SRP on birds and ground
fauna. Additionally, as in the case of considering the impacts of SRP on the above aspects of the environment,
the impacts of SRP on animal life diversity will depend on whether the SRP is established on arable land of
good quality and whether they are managed intensively, or on arable abandoned land, land of medium fertility
class or sites of marginal land. Also, the usability of results depends on which type of SRP and in which sites are
analysed and which areas they were compared to in order to determine possible reductions or increases in the
level of this type of biodiversity.
Naturally, at the very beginning of intensifying this form of biomass production there is greater concern that
establishment of SRP on ”open” agricultural areas will cause ”migration” of certain animal species (ex. Birds,
mammals, and insects); however, experiments conducted to this end have dispelled concerns of this kind.
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Impacts of SRP on animal life can be viewed from a number of perspectives: impacts on vertebrates,
non-vertebrates, birds, ground fauna, and microorganisms, etc. however, the level of a certain type of
biodiversity within the animal kingdom can be strongly correlated to intensity of another type of diversity,
thus, increased number and diversity of non-vertebrates in SRP will beyond doubt have an impact on
increased diversity of birds, etc. Apart from the said factors, applicability of results on animal biodiversity is
to some degree under the influence of the age of the plantation, species of trees or clones, the size of the
SRP, its structure and location relative to other surrounding areas (Shulz et al. 2009, Dimitriou, Fištrek 2014).
In principal, non-vertebrates, such as snails and worms, are not well adjusted to traditional farming crops
due to frequent changes in soil properties (Ara et al. 2014). These authors note that relative stability of
SRP along with greater humidity and less herbicides, make these lands more favourable sites for nonvertebrates. Additionally, it has been demonstrated that willows and poplar, most often used on SRP, are
very good ”hosts” for many insects (Schulz et al. 2009, Dimitriou et al. 2011). Also, it has been noted above
that the impact of SRP on the level of biodiversity can depend on the structure of parcels, or parts thereof.
Ara et al. (2014) present data indicating that the total number of non-vertebrates is very variable between
different parts of the parcel, although there is a tendency that outer parts have a greater number of nonvertebrates than the inner ones.
Impacts of SRP on birds biodiversity depends, also, on a number of factors which can influence specific
conclusions (plantation age and density, type of trees or clones, type of SRP, inner or outer parts of the
parcel, weed intensity, etc.). Additionally, impacts of SRP on this kind of diversity can be compared relative
to agricultural areas with conventional farming, abandoned land, or relative to the level of diversity in forest
plantations. For example, the level of diversity of breeding birds within SRP in Germany is considerably
more pronounced relative to farming land with conventional farming, and lesser in forest eco-systems
(Liesebach, Mulsow 2003, Shulz et al. 2009, Bianco et al. 2014). Results by Sage et al. (2006) demonstrated
that the bird species richness in willow and poplar SRP is greater relative to surrounding ”open” sites.
Impacts of SRP on mammals diversity has not been subject to many studies reported in technical literature
(Dimitriou et al. 2011, Dimitriou, Fištrek 2014). Establishment of SRP in farming landscapes brings greatest
benefits to mammal species, thanks to additional protection by tree trunks, and also protection by leafy
vegetation, in combination with uncovered areas (Ara et al. 2014). It is certain that SRP can be favourable
site for different small mammal species (TEAGASC, AFBI 2015) and can be seen as a kind of ”corridor sites”
between different fragmented parts of surrounding sites (Giordano, Meriggi 2009).
Impacts of SRP on ground fauna and microorganisms is again dependant on the inter-relations of effects of
numerous factors, as has already been mentioned above. Essentially, many groups of insects have better
conditions for development and survival in SRP due to lower use of pesticides in this type of production and
the overall ground fauna demonstrates higher diversity values, both in terms of numbers and frequency,
once arable agricultural land is transformed into SRP, especially SRF plantations (Bianco et al. 2014). Results
by Makeschin (1994) show that diversity of ground fauna in SRP is greater than in areas under conventional
farming crops.

2.3.3. Impacts on soil
In principle, the intensified development and establishment of SRP on what used to be agricultural areas
can lead to changes in the soil quality. These crops stay on agricultural land for as long as 25-30 years
(depending on state subsidies and regulations, as well as profitability of crops, marker conditions, etc.), the
plants in such plantations have much deeper and more developed root systems, there is no need for annual
ploughing, and the quantity of fertilizers and pesticides used is drastically lower than in conventional
farming which, certainly, must be reflected in the changes of soil on which SRP is established.
There is a number of different impacts resulting from the establishment and management of SRP on
the quality (structure) of land and its carbon storage potential, and these have been studied by many
authors (Grigal, Berguson 1998, Mann, Tolbert 2000, Hoosbek et al. 2004, Kahle et al. 2007, Baum et al.
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2009a, Dimitriou et al. 2012, 2014, Dimitriou, Fištrek 2014, Baral, Malins 2014 etc.). Dimitriou and Fištek
(2014) divide the potential impacts of SRC on soil quality into two major groups: (1) impacts on changes in
content (absorption) or carbon (C) and (2) impacts on changes in heavy metals concentrations.
The potential of SRP to store major quantities of carbon in arable land at levels greater than in conventional
farming crops has been recognised early on (Dimitriou et al. 2012). Specifically, SRP impacts the quantity
of stored carbon by using carbon for photosynthesis processes and its storage in above ground and
under ground biomass of the trees, the remaining tree trunks, in the land and the cover, but also through
substituting fossil fuels for energy generation and different bio-products. Production of wood biomass
in SRP is environmentally very favourable, as the quantity of C released during the establishment of
SRP, treatment, transport, and cutting of trees is equal to the quantity absorbed during the growth and
development of trees (Volk et al. 2004).
Although the SRP soil capacity to absorb certain quantities of carbon depends on the actual soil properties
and a series of other factors, it is nevertheless possible to make a number of general observations to that
effect. The intensity of carbon storage in SRP soil is considerably higher than of soil under conventional
farming crops, but still it is lower than the capacity of forests managed in conventional ways. Capacities
of SRP in this respect are considerably closer to capacities of conventional forestry than of arable land
and agricultural crops (Swensson et al. 1994, quoted in Baum et al. 2009a). Bowman and Trnbull (1997)
present data according to which the average amount of carbon storage in agricultural land managed in
conventional ways is 25 t/ha, in arable land under SRP it is 35 t/ha, and in land under forests it is 45 t/ha.
According to Ara et al. (2014), conversion of agricultural land to SRP is significant for the dynamics of C
in soil, with positive benefits amounting to 20% in terms of quantity of carbon storage relative to land
under conventional agricultural crops. Such effects are greatest in arable land which previously had low
content of C, since fallen leaves on the land surface (the cover) and the considerably more massive and
deeper root system of plants, enriches the existing low level of C and enhances the quality and diversity of
soil (Ara et al. 2014). Positive effects of willow SRP on accumulation of C in the biomass above and under
ground on abandoned land compared to that on grasslands and pastures has been determined by Baral
and Malins (2014), and many others. Summarising the series of previous results on SRP potential for carbon
storage, Dimitriou and Fištrek (2014) state that the variability of results is a consequence of the diversity
of sites in which SRP are established and the short intervals at which the effects were analysed, and that
the fundamental mechanisms responsible for organic carbon storage in SRP soil have not yet been fully
clarified and understood. Also, the said authors note that possible carbon storage in soil depends to a
great degree on the actual properties of soil at the time when the SRP is established and that therefore
relevant procedures and approaches should be developed for selecting sites most favourable for carbon
sequestration.
With respect to nutrients and their possible loss while establishing and managing SRP, it should be noted
that such plantations most often are made on what used to be agricultural arable land, rich in nutrients,
such as nitrogen and phosphorus. Adequate management can avoid significant loss of nutrients from soil
and the subsequent acidification, but it should be noted that such effects vary depending on the tree
species (Ara et al. 2014).
Another big group is the impacts of establishing SRP on changes in heavy metals concentrations (such as
cadmium, zinc, lead, chromium, and nickel, copper) in the soil. At the very beginning, the issues considered
were the potential of willow to “store” firstly cadmium and then other heavy metals, afterwards also
potentials of poplar, and other major species planted in SRP (Baum et al. 2009a). These authors, quoting
results of many pieces of research, stated that willow and poplar had a high phyto-remedial potential,
but nevertheless not “hyper-accumulative”, and that it is based on a combination of high accumulation
in plant tissue and fast growth and high potential of biomass production. With this in mind, the potential
of willows and poplar in SRP to “store” rather high quantities of cadmium and other harmful heavy metals
was used to combine the biomass production with phyto-remediation (Robinson et al. 2000, Baum et al.
2009a). Apart from this kind of positive environmental “performance” of SRP (reducing the soil content of
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heavy metals), SRP willows and poplar are very good to use for remediation of soil with significant contents
of other less harmful substances, such as chlorinated compounds, cyanides, pesticides, oil derivatives, and
even explosives (Aitchison et al. 2000, Predieri et al. 2001; Ciucani et al. 2004, Ucisik et al. 2007, Mleczek et
al. 2010). This process of ”storage”, and especially ”remediation of the environment” through absorption
processes, destruction and stabilisation of different harmful substances in the soil, water and air, by means
of using different plant species (trees, grass, sea plants, etc.) is termed phyto-remediation (Licht, Isebrands
2005).
The next impact of SRP is closely linked to soil erosion. This kind of negative phenomenon on soil can
be a rather serious environmental and economic problem on lands used for conventional agricultural
production, causing problems in preserving the productivity of such areas over long periods, due to
reduced depth of the profile for growth of the root systems and washing away of the nutrients-rich topsoil.
After establishing a plantation of energy crops, for instance willows, the possibility of erosion is rather low,
since these are perennial plants with intense root systems and a formed layer of cover on top of the soil
(Volk et al. 2004). Increased contents of organic carbon in soil under SRP has positive impact on reducing
emissions of ”greenhouse gasses” and increasing the capacity to absorb water and reduced runoff under
heavy precipitation, thus minimising the risk of flooding and erosion.8 Therefore, Tubby (2007) concludes
that changes in arable land management involving conversion from conventional agricultural production
to SRP could contribute to reducing erosion processes and this increasing the content of organic matter in
the soil.
The observed trend of turning to more intensive establishment of SRP on agricultural land, at the very initial
stage of establishing the plantation can cause greater compactness of soil with negative consequences on
soil structure and quality. However, in a more long-term sense (period from establishment to final removal
of plantation – 20-30 years) on arable land under SRP there is a much lower risk of compaction relative
to conventional agricultural production (Wolbert-Haverkamp, Musshoff 2014, Dimitriou, Rutz 2015).
The reason for this is the much lower intensity of use of different machinery in SRP management (SRP is
established once in 25-30 years, it is harvested less frequently than agricultural production, there is lower
need for use of fertilizer spreading and irrigation machinery).
Pesticides and fertilizers are used much less in managing SRP than in conventional agricultural production.
Also, pesticides have been developed that are released only within the plant (Dallemand et al. 2007; Marron
et al. 2009).
Additionally, traditional ways of agricultural land use, according to Flugge and Abadi (2006), can be the
primary factor of occurrence of salinity in some soils, thus one possible method of reducing salinity could
be by replanting trees on such land or establishing and managing SRP.

2.3.4. Impacts on water and hydrology
As is the case with SRO impacts on biodiversity and soil, also in the case of impact on water the literature is
rather limited and most research is focused on comparisons between conventional agricultural production and
production on energy crop plantations in arable land, which limits the practical use of results and comparisons
with other land (non-arable, abandoned, marginal) (Allen et al 2014).
With respect to the SRP impacts of water there are some key issues which by their scope influence the very idea
of establishing SRP. In this respect, Dimitriou and Fištrek (2014) note that two key issues relevant to assessing the
SRP impacts on water are (1) the total water balance and (2) quality of water beneath the SRP.
Poplar and willow, as the predominant species for SRP, if intended to generate high production of biomass require
high amounts of water. The study by TEAGASC and AFBI (2015) states that SRP willows require greater availability
of water for successful growth and development and significant yields of biomass, higher than any other crop in
conventional agricultural production. In this respect, availability of water resources in SRP soil in more arid areas
of Europe can be a considerable problem related to SRP management (EEA, 2013, Searle, Malins 2014).
8

http://www.energieautark.at/documents/projects/benwood/BenwoodBroschkomplettminiKV2.pdf
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Since the use of fertilizers and pesticides for SRP management is significantly lower than for agricultural
crops, the establishment of SRP will lead to lower impacts on water quality. Also, even when using
considerable quantities of nitrogen through fertilizers or waste water, SRP of for instance willows proved to
be good “absorbers” of nitrogen in the soil (Aronsson et al. 2001).
In conclusion to their research on impacts of SRP on water quality and quantity, primarily on releasing
and retaining nitrogen and phosphorus in soil under SRP relative to other ways of using agricultural land
Dimitriou et al. (2012b) state as follows:
•

Runoff of nitrates NO3-N into groundwater is considerably lower in SRP than in conventional agricultural
crops,

•

Runoff of nitrates NO3-N into groundwater in case of SRP did not increase during autumn or spring
when there is greatest runoff in case of conventional agricultural crops or after cutting,

•

Runoff of orthophosphates PO4-P into groundwater is equal to or somewhat higher in certain cases
on SRP than in conventional agricultural crops,

•

Application of sewage sludge did not contribute to greater concentrations of orthophosphates in
groundwater beneath SRP compared to other observed agricultural sites.
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3. Estimating the potential and
constraints for establishment and
management of SRP in Serbia
3.1. General remarks on the level of production and yield of
biomass from SRP in Europe
Assessment of biomass production is the key parameter for assessment of the energy potential of SRP
(Allen et al. 2014). For this reason the production of biomass from SRP has been the focus of research for
decades. In principle, biomass production from SRP depends on the species of trees (clones, hybrids), site
conditions, and intensity of use of agro-technical measures. At the beginning of 1980’s there were results
from experimental fields indicating that from SRP in Sweden and Canada it is possible to achieve high
levels of dry matter biomass production9, as much as 40 tons per hectare annually (Christersson 2006).
Of course, such biomass yields are possible only for certain species (provenience, clone) and the related
optimal site conditions, the use of adequate methods for establishing the plantation, with a great number
of stems/shoots (very dense), continued removal of weeds and irrigation and fertilisation practices during
the whole production period. However, Christersson (2006) notes that some authors have expressed
certain suspicions regarding whether this yield is at all possible, emphasising the fact that for Swedish
conditions yields of 5-10 t/ha/year is considered good, and even excellent. In principle, yields of biomass
and the generated bioenergy from plantations of this kind in Sweden, from the present time perspective,
proved not to as expected (Dimitriou et al. 2011).

9

Biomass production and yield in this text is always treated as dry matter biomass, except when otherwise explicity stated.
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Table 3-1. Overview of production and increment of biomass from short rotation energy
crop tree plantations in Europe

SRF

System

Production
Species

Dry matter t/ha/
year

Dry matter t/ha/
year

Alder [1]

5,0

100

Ash-tree [1]

7,4

148

Birch [1]

5,0

100

Poplar/willow [2]

5,6

78

Maple [1]

7,0

140

Eucalyptus
[3]

9,0

10 – 12 [9]

Willow

Area
Source of data
(ha)

Hardcastle et al., 2006

EE [7]

700

ES, PT
[6]

1.200.000

FR [6]

500

RO

2.4000

Ball et al.,2005

20-25 [8]

SE

15000

Weih, 2007

8-20 [8]

UK

1.175

Riche, 2007, *Luger
E.(n.y.)

7-8

DK

*Luger E.(n.y.)

5

IE

*Luger E.(n.y.)

108

9

PL
15-20 [8]

SRC

Country

16-2010

1000-2000

IT

6-12 [9]

Black locust

Aronsson et al., 2006

*Luger E.(n.y.)
*Luger E.(n.y.)

EU

370.000

Ball et al.2005

IT

4. 500

Spinelli,2007, *Luger
E.(n.y.)

5-7 [8]
Poplar

Bartos, 2006

Riche,2007
UK

5

*Luger E.(n.y.)

NL [5]

32.000

*Luger E.(n.y.)

FR [5]

350

*Luger E.(n.y.)

AT, DE

Experimental
fields

*Luger E.(n.y.)

HU

n.d.

IT

500

Spinelli, 2007

Source: Eppler and Petersen (2007)
Legend:
[1] Rotation of 20 years, [2] Rotation of 14 years, [3] Rotation of 12 years, [4] the biggest part is located in the region of
Lombardy (4000 ha), [5] Plantation was not established for energy purposes. Also in France where the plantation was
used for pulp production, [6] it is grown in Portugal on about 500,000 ha for pulp production, and in France on about
500 ha, [7] in Estonia poplar hybrid plantations have been re-established intended for the pulp production, [8] from
experimental fields, [9] from commercial plantations

10

With watering

Republic of Serbia
Ministry of Mining and Energy
Ministry of Agriculture and Environmental Protection

30

Empowered lives. Resilient nations.

Contents

Studying the level of production from different species of trees, woody and perennial herbaceous plants
Eppler and Petersen (2007) summarised the results of numerous researches until that time in Europe.
These authors note that the study presents results often originating from experimental fields, from which
different results can be collected, while the scope of information from ”commercial” fields was lower. Table
3-1 presents only data on production from SRF and SRC in certain countries in Europe, noting the sources
of information presented.
It can be observed that the biomass production from these two types of SRP, depending on species,
amounts to 5- 9 t/ha/ear (SRF) and 9-12 t/ha/year (SRC).
In case of SRP it is possible to have low amounts of biomass at annual level per rotation depending, of
course, on numerous factors. Thus, quite low amounts of biomass at annual level (biomass increment)
have been recorded in poplar plantations in Latvia, of 1.6 t/ha to 10,7 t/ha of dry matter depending on the
clone and treatment which, in case of climatic conditions of northern Europe is nevertheless considered
satisfactory (Lazdiņa et al. 2014). On the other hand, under optimum site conditions and with the use of
agro-technical measures biomass yields per year and productions in dry matter from SRP can also be quite
high, up to 20 t/ha (Mosiej et al. 2012), and even above 26 t/ha (Szczukowski et al. 2002) or as high as up to
30 t/ha of dry matter (Christersson 1987).
Summarising all of the above, and other literature sources as well, a conclusion can be made that from the
point of view of biomass production there are 3 major species: willows, poplar, and black locust. These
three species could be said to be the 3 species of interest for establishing intensive management SRP in
Serbia. All three species are fast growing, with increment culmination in first years of life (Vučković, Stajić
2005, Stajić et al. 2012, Stajić, Vučković 2016).

3.1.1. Basic facts and characteristics of production and yield increment of biomass from
willow (Salix spp.) from SRP in Europe
As stated above, the very fast initial growth and the genetically diversified genotypes of willow (Salix sp.)
make this species very favourable for establishment of SRP and achieving high biomass production in short
periods of time. Willows which are used for energy crops plantations come mostly from the sub-genus
Caprisalix, which includes more than 125 types around the world (Volk et al. 2004). Activities on establishment
and cultivation of willow plantations for energy purposes first started in mid. 1970’s in Sweden, the US, and
the UK. Since then, a number of different genotypes have been developed within this species and a number
of hybrids by controlled interspecies hybridisation, which adjust differently to site conditions. Additionally,
the question of optimum density of planting, the need for irrigation and fertilisation, have been subject to
intensive research in the recent decades. Also, removal of weed is a procedure which greatly impacts the
growth and development of crops in SRP, thus impacting the production levels (Figure 1).
As a result of a set of enhanced practices (use if more productive sites, more productive varieties, the
acquired and improved experience in establishing and managing SRP) the productivity of willow in the
period 1986-2000 in Sweden has increased by about 2.06 t/ha per decade. Mola-Yudego and Aronsson
(2008) have, based on analysing biomass production from 2,082 commercial willow plantations in Sweden,
determined that achieved yield of willow biomass can present significant differences, depending on a
number of factors. Also, data from Table 2-1 (Epler, Peterson 2007) indicate that in the case of willow it is
possible to achieve biomass increment of 9-12 t/ha/year. Summarising data on the possible willow biomass
yields in SRP, Searle and Malins (2014), quoting several authors, state that the average annual increment
of willow biomass of 5-10 t/ha is the quantity of biomass corresponds to results of the majority of studies.

Republic of Serbia
Ministry of Mining and Energy
Ministry of Agriculture and Environmental Protection

31

Empowered lives. Resilient nations.

Contents

Figure 1. Experimental field willows, clone Inger, in the direct vicinity of Belgrade, where
weed control measures have been conducted (left-upper part of the figure) and where
such measures were not conducted (lower part of the figure) within 3 months of establishing the plantation.

Photo: Stajić (2016).

Certainly, data on biomass increment and production from this species in SRP vary from country to country
depending on several factors. In Great Britain, willow biomass annual increment can be as high as 11.4 t/
ha (Bullard et al. 2002). Willow biomass increments ranging from 12-18 t/ha/year in Scandinavian countries
have been demonstrated in studies by Gigler et al. (1999). For polish conditions, biomass yield per year
can be up to 16.5 t/ha (Stolarski et al. 2009). Possible willow yields of 26.4 t/ha/year in that country have
been stated by Szczukowski et al. (2002). The fastest Salix clones in Sweden have reached very high annual
biomass yields in certain experimental plantations as high as 30 tons of dry matter per hectare (Christersson
1986). Christersson (2006) states data by Kajbe (1998), indicating very high biomass production of 130 t/
ha of willow clones after four years of cultivation on 5 year old tree stem in dense plantations (plantations
with a great number of plants) in Croatia.
The fact that willows biomass in SRP can be very high is confirmed also by results of studies in areas outside
of Europe. For the region of Quebec in Canada Labrecque and Teodorescu (2003) have determined 70 t/ha
after the second 3-year rotation, meaning annual biomass yield which can even exceed 23 t/ha.
3.1.1.1. Production and incfrement of biomass from willows depending on the species, clone or hybrid
Different willow genotypes and hybrids can have different capacities to produce biomass. For example,
”Tordis” and ”Tora” clones can be considered the most productive under favourable conditions for the
growth in Sweden (Weich, Nordh 2002). These authors state also that in order to achieve a certain volume
of biomass on less fertile land to establish an SRP it is best to use”Gudrun”, ”Tordis” and ”Jorr” clones.

Republic of Serbia
Ministry of Mining and Energy
Ministry of Agriculture and Environmental Protection

32

Empowered lives. Resilient nations.

Contents

Different results can be achieved with respect to production of biomass in this type of SRP. For conditions
prevailing in Poland authors Szczukowski et al. (2002) stated that of six analysed willow genotypes the
greatest yield was achieved with Salix viminalis 082, with 26.4 t/ha/year. Research by Stolarski et al. (2009),
conducted in Poland, demonstrated that clones Salix viminalis produce greater biomass yields than hybrids
Salix viminalis x Salix purpurea and the species Salix americana. Data from Great Britain (Bullard et al. 2002)
show that biomass increment from SRP established with species Salix viminalis are on average greater by
2.7 t/ha/year relative to Salix x dasyclados.
3.1.1.2.

Production and increment of biomass from willows depending on the species/management
intensity

Apart from genetic and site characteristics, there are other factors influencing the production and yield of
biomass from willows SRP, including the SRP management system. Key other factors are: planting density
(number of plants) and whether or not there is use of fertilizer, irrigation, and hoeing.
With respect to planting density, or the number of plant units necessary to achieve the desired level of
biomass production from willow there are different data from technical literature. Speaking of sustainability
of biomass production and the whole system for intensive willow plantations for biomass and bioenergy
production Volk et al. (2004) state that the establishment of willow plantations is usually done in two-line
configuration with density from 10,000 to 20,000 plants per hectare, depending on soil conditions, rotation
period, and desired dimensions of the final product.
According to DEFRA (2004) data, biomass production in SRC after the first cutting in a series of ”commercial”
plantations ranges from 5-9 t/ha/year, noting that density in most of these plantations was about 12,000
plants per hectare, which is nevertheless considered insufficient relative to density of 15,000 plants per
hectare.
Impacts of different plantation density (15,000; 37,000 or 107,600 per ha) on increment and production of
willow biomass in SRP have been studied, among others, by Adegbidi et al. (2001) and Bullard et al. (2001).
Adegbidi et al. (2001) have, for the region of the USA, determined that the biggest biomass yields in willow
SRP are achieved with plantation density 37,000 units per hectare. Results by Bullard et al. (2001) confirmed
their starting assumption that greater biomass yield can be expected with greater density, but not taking
into consideration economic effects of production. With two-year cutting in S. Viminalis plantations the
greatest biomass amount was determined with density of 111,000 units per hectare, while in three year
cutting with densities exceeding 62,500 units per hectare there was no significant increase in the volume
of biomass.

3.1.2. Growth and production characteristics of wood and biomass from willow in Serbia
As has already been stated above, in Serbia willow is also a fast growing tree species. Results of research in
Serbia (Vučković et al. 1991) demonstrated that peaks of height and width increment of willow trees (Salix
alba L.) were achieved in the 2nd and 7th year respectively, with of 2.5 m and 21 mm, which confirms the
earlier statement on fast growth of this tree species. Also, white willow can, with planting distance 6×6 m,
in a planned production cycle of 25 years, achieve about 250 m3 wood volume per ha (Andrašev et al. 2012).
There is not much data for Serbia on potential production of biomass per hectare from fast-growing energy
crops consisting of willow. Results of more recent research by Todorović (2016) indicate that yields of willow
biomass – clone Inger, depending on treatment (shortening and different forms of additional nutrition),
range from 3.0 to 9.4 t/ha/year. The highest volumes have been recorded with seedlings treated by 15 kg
coal sludge per seedling. It should be emphasised that experimental fields of SRP willows were planted on
surface strip mining disposal sites of the mining basin RB “Kolubara”, on deposols, anthropogenic land, of
much lower fertility and with disturbed biological and physical balance compared to arable fertile lands.
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In order to get some idea of potential volumes of willows biomass production, it is possible to use data
from the region, for instance from Romania, directly along the border with Serbia. This is the Banat region
in Romania, with site characteristics practically identical to those in the Banat region in Serbia. According
to the data arrived at by company REBINA (http://balkangreenenergynews.com/energy-willow-salix-viminalisbiomass-where-you-want-it/), at well managed plantations, with an irrigation system, annual yields of
biomass can be expected of about 60-70 Wt/ha. Optimum length of rotation is 2 years, making up 130 or
more tons per hectare. In cases without irrigation, according to this source, yields of 30-35 t fresh biomass
can be expected.

3.1.3. Basic facts and characteristics of production and increment of biomass from poplar
(Populus spp.) from SRP in Europe
Poplar has a number of features giving it a prominent place among species for SRP: production of high
volumes of biomass in short periods of time, strong growing capacity after repeated cutting, and a broad
genetic diversity. Production and yield of biomass from poplar can of course vary significantly depending
on a series of causal factors.
Johansson and Karačić (2011) studied the growth and biomass production in 41 poplar plantations. The
achieved results demonstrate that in case of poplar it is possible to achieve biomass production of 70-105
t/ha in rotations of 10-15 years. This means that the average biomass yield is about 7 t/ha/year.
As stated above, relatively low volumes of biomass annually (biomass yield) were recorded in poplar
plantations in Latvia of 1.6 t/ha to 10.7 t/ha in raw state depending on the clone and treatment which is for
climate conditions of northern Europe still satisfactory (Lazdiņa et al. 2014).
Spinelli et al. (2008) determined average poplar biomass yield in SRP of about 8 t/ha/year for conditions in
16 different sites in Italy.
Summarising the sets of data on potential willow biomass yield in SRC and SRF, Searle and Malins (2014),
quoting a number of authors state that, similarly to willow, the average annual biomass yield of 5-10 t/ha is
the volume of poplar biomass determined based on results of the majority of studies.
Benetka et al. (2014) presented results of studying increment and production of biomass from SRC
plantations of three clones of black poplar and hybrid ”NE-42” in the Check Republic. Research was
conducted on 3 different sites (favourable, unfavourable and marginal for the growth of black poplar).
Energy crop plantations of this tree species in favourable sites did not show a statistically significant
difference relative to annual biomass between ”NE-42” and the analysed clones and ranged from 13.2 to
15.9 t/ha/year. At the poorest, marginal sites, the highest yield was stated with hybrid ”NE-42” (11.7 t/ha/
year) which is significantly higher than the most productive clone, at 3.7 t/ha/year.
In United Kingdom, Rae et al. (2004) recorded volumes of poplar biomass of 23.6 t/ha/year.
3.1.3.1. Production and increment of biomass from poplar depending on the species, clone or hybrid
With respect to the biomass production from the species Populus and its hybrids it is possible to classify
them in terms of the ”manner of achieving” a certain level of production, in the context of seedlings per plant
(Benetka et al. 2014). The first group, according to these authors, includes P. trichocarpa and P. trichocarpa
x P. deltoides, where at the time of stool formation (consisting of a number of shoots) it is necessary to
suddenly remove most small shoots and leave only a few most dominant or strongest ones. The second
group is made up of P. nigra and P. trichocarpa x P. balsamifera, where small shoots are slowly removed while
retaining the majority in each stool.
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3.1.3.2. Production and increment of biomass from poplar depending on species/intensity of management
With respect to the number of shoots per plant (bush) it can be expected that the fewer the shoots per
bush the greater the dimensions (diameters). However, as the number of shoots increases with each
repeated cutting, there is a competition of shoots and bushes for available site resources (Benetka et al.
2014). Nevertheless, as the said authors concluded by quoting Dillen et al. (2011), this effect is neutralised
by reducing the shoots or even plants, due to the effects of harmful pathogens and self-dedensifying thus
creating new opportunities for better use of site potentials by the remaining plants.

3.1.4. Growth and production characteristics of wood and biomass from poplar in Serbia
Studying the production characteristics of poplar plantations of different density and age, Ivanišević et al.
(2010) determined that the amount of produced wood differs considerably among fluvisol forms, from 262
m3 ha-1 in poorly fertile soil (sandy form of fluvisol) to 630 m3 ha-1 in highly fertile soil (clayey form). Also in
this case it was confirmed that high content of powder and clay fraction reduces the airy capacity which
has a negative impact on productivity of plantations of I-214, specifically in humofluvisol.
In order to estimate the volume of wood (which can than easily be calculated into dry biomass) short
rotation poplar used in conventional forestry, it is possible to mention the research by Andrašev et al.
(2005). These authors studied the production potential of poplar in sandy clayey fluvisol type. In contrast
to Ivanišević et al. (2010), these authors studied three clones of American black poplar Populus deltoides
(PE 19/66 and S6-7) and one clone of Euro-American poplar Populus × euramericana cl. Pannonia (M-1). The
biggest quantity of gross wood volume was achieved with cone PE 19/66 amounting to 289 m3 ha-1. Clones
S6-7 and M-1 achieved considerably lower quantities of wood volume: from 211 m3 ha-1 (clone M-1) to 226
m3 ha-1 (clone S6-7).
Poplar plantations on marshy black soil (cernozem) were studied by Rončević S. et al. (2011). The study
looked at five clones of American black poplar (PE19/66, 129/81, B-229, 182/81, and B-81) and one hybrid of
Euro-American Populus × euramericana cl. Pannonia (M-1). After 11 years of growth, the survival percentage
was determined of 86% to 98%, which on average ranges from 239 (clone B-229) and 274 trees ha-1 (clone
129/81). Achieved mean height was 22 m (clone 182/81) to 28 m (clone PE 19/66), while average diameter
was from 25.4 cm (clone 182/81) to 32.1 cm (clone PE 19/66). In comparison to results presented by Andrašev
et al. (2005), the height of clone PE 19/66 does not differ significantly, meaning that the achieved results
are the same as for soil type fluvisol, sandy-clayey forms, which are considered to be medium favourable
for poplar growth. It is interesting to note that compared to results by Marković et al. (2001), in the study of
clones numbered as 618 and 457 on soil of type humofluvisol, as the most favourable for growth of poplar,
the clone PE 19/66 achieves greater height, while height of clones 129/81, B-81, and M-1 is comparable to
those of clones 618 and 457. Clone poplar I-214, as so far the most widespread grown clone, also achieves
lesser height even in best soils relative to clone PE 19/66, which is interpreted by different characteristics
of clone growth (Andrašev 2008).
Research on the poplar biomass quantity within conventional SRP shows by far lower quantities than
within research of production of big trees in conventional forestry. Klašnja et al. (2012), based on data from
3 experimental fields, with density 1.5 × 0.4 m (16,667 plants per hectare), state that the biggest production
of biomass from all 5 analysed poplar clones (P. deltoides clone ”B-229”, P. deltoides clone ”B-81”, P. deltoides
clone ”182/81”, P. deltoides clone ”PE 19/66” and the Euro-American poplar P. canadensis, clone ”Pannonia”)
was recorded with clone ”PE-19/66” – 7.2 t/ha/year (on average, after the 7th year).
At the end of the second consecutive two-year production cycle, Rončević et al. (2013) determined
quantities of up to 34 t/ha with Populus deltoides Bartr. ex Marsh, clone 55/65, at density of 16,660 plants
per hectare (distance of planting 1.2 m x 0.5 m).
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Todorović (2016) analysed the impact of different factors (”cutting back” and applied fertilizer) on the
biomass production in absolutely dry state of poplar in three-year cycle, on deposols of the mining basin
”Kolubara” in Lazarevac. The study analysed two clones: clone I-214 (Populus x euramericana (Dode) Guinier,
cl. I-214) and clone М-1 (Populus x euramericana (Dode) Guinier, cl. М-1). The biggest biomass production
in three-year rotations with clone I-214 was determined with treatment by applied 200 g NPK fertilizer per
seedling at 38.4 t/ha, or 12.8 t/ha per year. For the clone M-1, the biggest biomass production in the given
time period (3 years) was recorded on a controlled field, at which no treatment was applied (shortening of
seedlings and differently applied fertilizer) – 18.1 t/ha. The average biomass yield was 6 t/ha per year.

3.1.5. Basic facts and characteristics of production and increment of biomass from black
locust (Robinia pseudocacia L.) from SRP in Europe
Black locust is a fast growing tree species the growth of which depends on site conditions. For example, in
sites of most intensive growth, black locust can achieve 18 m in height in the 10th year (Wenk et al. 1990).
On the other hand, the height of 18 m by black locust in poorer sites can be achieved in the 22nd year (Peng
et al. 2003), or even in the 55th year (Schober 1975).
It grows on different soil types, but importantly it grows well on less moisture soils and poorer quality
soil, which is not adequate for successful growth of poplar and willow and achievement of good yield
from these species. Thus, in marginal soil (soil in the surrounding of mines, soil undergoing melioration)
in Germany, poplar achieved biomass yields of 2-6 t/ha/year, willow about 1 t/ha/year, while black locust
achieved on the average 5.8 t/ha/year (Gruenewald et al. 2007).
Navaro et al. (2012) determined in marginal sites in southern Italy biomass yields of black locust of 4.2 t/ha/
year, which was three times less than yield of Eucalyptus biomass in the same area.
In north-western Italy, with more favourable conditions for the growth of different SRP, annual yield of
black locust is 10 t/ha (Manzone et al. 2015).
3.1.5.1. Production and increment of biomass from black locust depending on the species, clone or
hybrid
Differences in the increment and production of SRP biomass of black locust depending on these factors
were studied in Hungary. Based on earlier studies, the best in terms of wood production for Hungary were
clones ”Jászkiséri”, ”Kiscsalai”, ”Nyírségi”, “Üllöi” and ”Szajki” (Keresztesi 1988, cit. Rédei et al. 2008). To check
the potential of these cultivars for biomass production in SRP Rédei et al. (2011) studied the production of
“common” black locust and four cultivar of this species (”Üllöi”, ”Jászkiséri”, ”Nyírségi” and ”Kiscsalai”) aged
3, 5, and 7 years, at density of 6,667 units per ha. The results show that greatest annual yield of biomass was
achieved in the 7th year with the cultivar ”Üllöi” (9.7 t/ha/year) and with the ”common” black locust (8.4 t/
ha/year).
3.1.5.2. Production and increment of biomass from black locust depending on species/intensity of
management
As already stated a number of times, SRP are established with a great number of plants per unit of area and
in short rotations, which is also the case with black locust SRP. In case of black locust SRP with somewhat
lower density (4,100-5,700/ha) Peters et al. (2007) determined the average biomass yield of 5,5 t/ha/year in
Germany (Brandenburg).
The dependency between the level of biomass increment and production and density is quite strong in
Hungary. Rédei and Veperdi (2009) analysed the impact of three types of density in SRP (1.5 x 0.3 m –
22,222/ha; 1.5 x 0.5 m – 13,333/ha and 1.5 x 1.0 m – 6,667/ha) on biomass increment for this species. The
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highest yield, at age 5, was found by these authors in the most dense SRP (6.5 t/ha/year), and the lowest
was 3.3 t/ha/year. Also, in black locust SRP of virgin origin Rédei et al. (2011) in the 4th year of SRP, stated
greater biomass yield for this species at density of 8,333 plants per ha (7,8 t/ha/year) relative to density of
5,306 units per ha (6.8 t/ha/year).

3.1.6. Growth and production characteristics of wood and biomass from black locust in
Serbia
Black locust in Serbia is a fast growing tree species with early culminations of height and diameter increment
(Stajić, Vučković 2016). The growth and increment of black locust was analysed in detail by Vučetić (2009).
He studied the growth characteristics and the structure of 16 stands of Generative and vegetative origin
in Deliblato Sands. Although growth conditions here are extreme, the author states that current annual
height increment of black locust of seed origin peaks in the period from 4rd and 5th year, while in coppice
origin in the first and second year. The wood volume in the 25th year of life of black locust plantations in
this area is 150-160 m3/ha (in poorer soil) to 190-200 m3/ha (in better soil), while the differences in volume
between plantations of species and vegetative origin is not statistically significant (Vučetić 2009).
In terms of data on production of black locust biomass in SRP, with short rotations and great density,
regretfully there are no sound insights or representative results. Although this species, with its characteristics
(very intensive growth in youth – 2-6 cm/day, great density, ability to capture atmospheric nitrogen, growth
on low fertility soil, etc.), is very well suited to production of biomass and bio-energy in short periods of
time, there has not been sufficient attention paid to it in Serbia. One of the key limitations is the opinion
of environmental organisations and societies that this species is quite invasive, limiting farmers and
public enterprises for forest management to plant them more intensively. It is therefore necessary to look
realistically into the ”for and against”, harmonise positions and make the best decisions for land owners and
society as a whole.

3.2. Types of soil with potential for cultivation of energy crops plantations of woody species
In principle, SRP can be established both in favourable as well as unfavourable and even marginal sites.
Establishing SRP in good quality sites, where different agricultural crops are grown successfully, is gaining
in significance. Key reasons for such a trend are the much greater environmental advantages of SRP
compared to conventional use of agricultural land and considerable economic competitiveness of SRP.
Speaking of the potential of the Republic of Serbia in terms of areas in which SRP can be planted and
grown, it should be noted that this type of potential can be theoretical (possible) and technically feasible.
Estimation of the theoretical potential includes collection, sorting, analysis, and presentation of data on
total area of forest, agricultural or other land (favourable, medium favourable, or marginal), in which it
would be possible to grow and manage SRP. For this purpose it would be necessary to analyse the present
different studies on agricultural land and the map of such land in the Republic of Serbia, but also other
pedological, hydropedological, geological, and hydrological maps. After that, by elimination of areas under
where it is not profitable to grow SRP, it would be possible to determine the area of agricultural land of
poorer quality and the area of forests land adequate for sustainable management of SRP.
The assessment of technically feasible potential of the Republic of Serbia in terms of area in which it is
possible to grow and manage SRP is based on data for theoretical potential, in the context of the above,
while at the same time taking into consideration the “actual situation in the field”, or looking at potential
available area of agricultural land and above all the forest land for use of mechanisation in order to establish
such plantations, their possible fertilisation and irrigation and weed control and cutting at the end of the
production period. Speaking of this type of potential for SRP, Kajba et al. (2011) state that in such assessments
some of the important factors are the type of land and terrain and terrain configuration, which in some
cases can limit or even prohibit the use of mechanisation for cutting SRP. Additionally, as stated by above
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authors in the case of Croatia, care should be taken of Natura2000 and similar directives regulating sites
which require protection regimes, thus taking into consideration the total possible area in Serbia adequate
for SRP. Other documents related to the potential of biomass production and bio-fuel production in Serbia
include the EU Biodiversity Strategy (SEUB) or the EU Strategy on Sustainable Bioeconomy (EUBS). Some
of the desired objectives of the EU Biodiversity Strategy11 such as improving sustainable management of
agricultural land and land under forests or better protection of eco-system services, and they are directly
related to the technical potential for biomass production in Serbia. Also, the EU Strategy on Sustainable
Bioeconomy12, in one of its objectives (harmonising requirements for sustainable agriculture and the
requirements for the most efficient use of renewable biological resources for industrial purposes, while
protecting the environment and bio-diversity, is closely linked to the issue of technical potentials of Serbia
with respect to the total area in which it is possible to grow SRP.
As is already known, in order to mitigate the negative consequences of the use of fossil fuels to generate
heat and other forms of energy, their substitution with biomass from forest plantations is proposed. Apart
from the option of using raw materials from regular of sanitary forest cutting, of special interest for this
purpose is the possibility of intensive biomass production in fast growing plantations, grown primarily
within forest plantations and conventional forestry.
In that respect, fast growth in youth, favourable phyto-remedial features, and high production of raw
biomass per unit of area in relatively short rotation periods recommend poplar and willows as species
especially favourable for this type of biomass production. Since such plantations are established most
often in hydromorphic land of flatland, there is the additional advantage of efficient use of mechanisation
for establishment, maintenance and use.
Natural poplar and willow plantations are azonal vegetation communities of hydrophilic-alluvial land
complexes. They are widespread especially in alluvial flatlands around rivers, where they are established
in recent alluvial sediments which are often to a good degree bare, and also on alluvial brown land, semigley (marshy and meadow wholes) and gley land. These categories are hydromorphic land, mostly found
in Vojvodina, where they occupy 572,709 hectares (Galić et al. 2006). In order to estimate the production
potential and limits of such sites in Serbia, a series of studies of such potential were initiated. In that respect,
the most frequently studied element was the wood volume per unit of area (m3 ha-1). Such identified
volumes can easily be converted to volumes of raw and dry biomass per hectare.
The key feature of all hydromorphic land is the content of the sand and clay fraction in the physiologically
active portion of the soil, and this feature impacts all aspects of fertility (Živanov 1980). Of this land,
according to the Land Classification of Yugoslavia (Škorić et al. 1985) the most favourable for SRP are the
marshy dark soils and gleyed cernozem soils (meadow dark topsoil). It is estimated that in the region
of Vojvodina the area under such soil in public ownership is about 80,000 ha, of which more than one
half in big surface complexes. Analysing their characteristics, Galić et al. (2012) state that these lands are
predominantly land for forest production, which is also the case with gleyed cernozem soil. Yet, detailed
study of production characteristics also identified limiting factors in terms of the adequacy of these two
soil types for establishment of plantations. Thus according to Galić et al (2012), the excessive content of
powder and clay in marshy cernozem soil causes unfavourable water-air features. On the other hand, in
meadow cernozem soil there is an increased content of carbonates from the middle of the profile and
this is a limiting factor. The same author studied the properties of solonetz and eugley, where the main
identified limitation is low physiological depth of the profile.
Studying the edaphic potential of the alluvial soil category (fluvisol), Ivanišević et al. (2010) differentiated
the following three production-environmental categories of such soil, which are relevant for establishment
and management of SRP (primarily poplar):
- high fertility (humofluvisol);
- medium fertility (sandy-clayey form and variety in fossil soil) and
- low fertility (sandy form of fluvisol).
In addition to soil, the next issues considered are density and method of planting, and improved production
11
12

http://ec.europa.eu/environment/nature/biodiversity/comm2006/pdf/2020/1_EN_ACT_part1_v7%5b1%5d.pdf
http://ec.europa.eu/research/bioeconomy/pdf/201202_innovating_sustainable_growth.pdf
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by introducing new clones. As for poplar, although presently we have available a number of different
selected sorts, with different environmental requirements, both in terms of edaphic and hydrological
characteristics, our plantations are still dominated by clone I-214 (Ivanišević et al. 2010). In this respect, the
same author states that at present it is known that the amount and quality of biomass yield of clone I-214 is
under considerable impact of soil characteristics, the key being the powder fraction and clay fraction in the
physiologically active soil layer and the prevailing hydrological regime, as well as the density of plantation
and length of production cycle.
Economic advantages of SRC is especially strong in areas with marginal land where it is not possible to
achieve significant production of other agricultural crops, thus the use of fast growing trees can be a very
adequate and efficient way of using such land (Sinclair et al. 2005). Thus, Kajba and Andrić (2014) studied
the production of biomass in a number of willow clones in Croatia, and stated that biomass yield for this
species in sites of marginal quality can be significant and that the quantity of produced dry biomass can
be significantly increased by application of relevant management and agro-technical measures. WolbertHaverkamp and Musshoff (2014) quoted Murach et al. (2009), who put forward the example of SRC in sandy
soil in north-eastern Germany. They note that, although these lands are in a region with low precipitation,
they have a high level of groundwater, while agricultural crops are not capable of reaching up to those
water reserves, making them much less efficient. Comparing the determined quantity of willow biomass
production in SRP in a site that was previously used for barley, Dimitriou et al. (2011) concluded that, in view
of the lower production of willow biomass in SRP compared to barley (cca. 11%), farmers often established
willow SRP in less fertile soil than possible. The authors thus state that SRP can be quite adequate solution
for establishment of energy crop plantations in less fertile land, but the expectations should be clear that
they will produce less yield and biomass production than possible.
As potential areas for SRP in Serbia, marginal land, in which it is possible to grow additional biomass, the
following areas are stated by Dražić (2014):

1.
2.
3.
4.

Deposol areas of surface mines
Ash landfills of thermal power plants
Overhead transmission lines corridors
Tailings ponds of surface mines

Areas within the Deliblato Sands can also be used as potential areas for establishment of black locust SRP.
In these areas the growth and yield of wood and biomass from black locust can be quite intensive, and the
stand volumes can be significant (Vučetić 2009).

3.3. Legislative framework in Serbia
The legislative framework, which needs to be considered in the context of short rotation plantations (SRP)
of energy crops, refers to a number of sectors which directly or indirectly have impact on this issue (Table
3-2). Certainly the most important is the sector of energy, agriculture, forestry, rural development, and
environmental protection. Since short rotation plantations for energy purposes in Serbia are not regulated
by a separate law, it is necessary to analyse all key sectors and their relevant legal framework and draw
conclusions and recommendations on how to improve the situation in this segment of producing lignocellulose energy crops.
Having this in mind, the key laws and regulations related to this issue are the Energy Law13 (OGRS14, No.
145/2014), especially in the part regulating renewable energy sources (Articles 65-70). The law itself
does not regulate explicitly SRP, but it does regulate production from renewable energy sources and
defines requirements and procedures for acquiring the status of privileged electricity producer (Decree
on requirements and procedure for acquiring the status of privileged electricity producer, preliminary
13
14

http://www.mre.gov.rs/latinica/dokumenta-efikasnost-izvori.php
Official Gazette of the Republic of Serbia
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privileged producer and producer of energy from renewable sources15 (OGRS, No. 56/2016), as the legal basis
for state incentives through „feed-in tariffs“ from energy generation from biomass (Decree on incentives
for energy production from renewable sources and high-efficiency power and heat co-generation16 (OGRS,
No. 56/2016)).
Financial support to production of thermal energy from biomass is not regulated by this law, but generally
speaking there are few countries globally which do provide state incentives for generation of thermal energy
from RES, or biomass specifically. It is considered that the thermal energy, practically being a by-product of
electricity generation, is part of the business and that producers can through market mechanisms offer it
interested users (dominantly private households, but also some industries, like wood and agro industries,
etc.) for their needs.
Another law, which is relevant to SRP for energy purposes, is the Law on Agricultural Land (LAL) and Law on
Changes and Amendments to the Law on Agricultural land17 (OGRS, No. 62/2006, 65/2008 – other laws and
41/2009, 112/2015)18. Changes and amendments to the Law on Agricultural Land for the first time explicitly
mention ”production of energy from biomass renewable sources” in Article 61, enabling lease for such
purposes of state owned agricultural land for periods of up to 30 years. Essentially, this issue is also treated
by the Law on Agricultural Land in Articles 22-25; Article 48, and Articles 60-62, 64, and 67.
From experience, and analysing the LAL, apart from the use of agricultural land in state ownership for
biomass production, it remains unclear whether when interpreting this law the establishment of SRP for
energy purposes is considered to be use of agricultural land for non-agricultural purposes. Also, it is unclear
if establishment of SRP in the interpretation of the law is considered in the context of changed purpose
of agricultural land, which is essence it is not, because the change of purpose would require payment of
additional fees, implying also a permitting procedure.
Additionally, it seems that the issuing of permits for rent and use of agricultural land for the establishment
of SRP is not yet fully streamlined and implies possible problems of competences between the local
government and the ministry, with uncertainties as to who is in charge and responsible for what and whether
local authorities can respect the deadlines for the adoption of the Annual plans for protection, arrangement
and use of agricultural land and whether they have the capacity to respect the legally prescribed deadlines
to publish public calls for leasing of agricultural land in state ownership. Another possible problem is the
area of agricultural land for rent or specifically whether it is possible to have a sufficiently big area ”in one
piece” for the establishment of SRP for energy purposes with profitable cost estimates for establishment,
maintenance and exploitation. This is even more relevant in terms of achieving anything in central Serbia’s
hilly and mountainous areas.
Another uncertainty of the law is the issue of private ownership, and interpretation of whether SRP can be
established on privately owned land due to interpretation of SRP for energy purposes, and whether it is
seen as non-agricultural production, meaning that it can be done only on land of quality class lower than
V category. If that is the case, it would according to the law require a procedure to change the purpose of
arable agricultural land, which is quite contentious from the point of view of SRP for energy purposes, and
raises the issue whether it actually implies such change.
The Law on Forests19 (OGRS, No. 30/2010) and the Law on Changes and Amendments to the Law on Forests20
(OGRS, No. 89/2015) do mention SRP, but only in the context of plantations of short production cycles,
which could include SRP for energy purposes, since Article 33 states production cycles of up to 10 years.
The Law on Forests prescribes the method of establishing such plantations and requires a separate design
for such plantations, which must be harmonised with guidelines for designs of the Plan of operations for
forests management, however there is no bylaw prescribing the contents for such Plan of operations.
15
16
17
18
19
20

http://www.mre.gov.rs/doc/efikasnost-izvori/Uredba%20o%20uslovima%20i%20postupku%20sticanja%20statusa%20PP%20PPP%20
i%20POIE.PDF
http://www.mre.gov.rs/doc/efikasnost-izvori/Uredba%20o%20podsticajnim%20merama.pdf
http://www.mpzzs.gov.rs/download/Zakoni/%25D0%2597%25D0%2590%25D0%259A%25D0%259E%25D0%259D.pdf
http://www.mpzzs.gov.rs/dokumenti
http://www.mpzzs.gov.rs/download/Zakoni/453-10.pdf
http://www.mpzzs.gov.rs/download/Zakoni/Zakon-o-sumama.pdf
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Additionally, the Law on Forests in Article 77 prescribes the obligation to appropriate funding for
rehabilitation/reproduction of forests, mentioning also intensive forest plantations, without clarifying if
this category includes SRP for energy purposes. Generally, according to the Law on Forests, establishment
of SRP for energy purposes does not fall within the category of works qualifying for subsidies from forestry
funds, because SRP for energy purposes will never be treated as a forest, since these plantations will not
exceed the age of 20 years, which is when they can be considered forests.
For this reason, and taking into consideration the statements about the Law on Energy and the Law
on Agricultural Land, it can be concluded that SRP for energy purposes are much closer to agricultural
crops than forest plantations for energy purposes. Thus, it can be concluded that initial incentives for
establishment of these plantations should nevertheless be the obligation of the energy sector, while the
agriculture sector should provide the area for their establishment, and the forestry sector the technical
aspects and methods of establishment, with accompanying technical documentation and supervision.
Supervision could be delegated to the forestry or agricultural inspection services with reports submitted
to the energy sector as well in order to keep statistics and records related to obligations of balances and
calculations.
In view of the above, in defining the role of the environmental sector, primarily through conducting
the strategic environmental impact assessments, and also receiving the requirements from the Nature
Protection Services for the establishment of energy plantations, as well as from the sector for rural
development which in its strategies has not recognised this thematic field as an area of action but is more
strongly focused on traditional agricultural production, it is possible to state that this chapter should be
opened through joint interaction of the above sectors. Improvement of the existing legal framework would
significantly contribute to and facilitate the implementation of projects of this kind and would contribute to
reducing the pressure to forestry resources in terms of using wood for fuel and would enable diversification
of land use and thus contribute to increasing biodiversity as well as enabling local population to generate
additional revenues that would not be migrating elsewhere but would remain in the location where they
were generated. Such activities should certainly not happen to the detriment of food production but on
the contrary they should contribute to improving soil quality and landscape as a whole.
In addition to the law which directly regulates certain fields, the use of renewable energy sources is defined
at the national level by other legal and normative acts, the major ones being:

21
22
23
24

•

The Treaty establishing the SEE Energy Community21 (OGRS, No. 62/2006), whereby Serbia committed
itself to undertake reforms aimed at preparing the energy market for full implementation of EU
rules by implementing the EU directives and participation in the single EU energy market;

•

National Sustainable Development Strategy for the period 2009 - 201722 (OGRS, No. 57/2008) as a
multi-sector document with indirect impacts on the energy sector, through the key principle that
economic development must be harmonized with clean production, energy efficiency, reduced
emissions and environmental protection;

•

Action Plan for Implementation of the National Sustainable Development Strategy23 (OGRS, No.
22/2009), including measures for the achievement of the National Strategy; one part of the AP is
the Strategy for Introduction of Clean Production in the Republic of Serbia (OGRS, No. 17/2009);

•

National Strategy for Participation of the Republic of Serbia in Clean Development Mechanisms of
the Kyoto Protocol for sectors of waste management, agriculture and forestry24 (OGRS, No. 8/2010).
The goal of the Strategy is to raise awareness and build capacities for use of CDM projects, as a
way of promoting sustainable development and facilitating the faster implementation of the Kyoto
protocol in the Republic of Serbia;

http://www.seio.gov.rs/upload/documents/sporazumi_sa_eu/zakon_o_ratifikaciji_ugovora_o_osnivanju_energetske_zajednic.pdf
http://www.zurbnis.rs/zakoni/Nacionalna%20strategija%20odrzivog%20razvoja.pdf
http://www.pks.rs/SADRZAJ/Files/Akcioni-plan-za-sprovodjenje-NSOR.pdf
http://www.gs.gov.rs/lat/strategije-vs.html
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•

National Strategy of Sustainable Use of Natural Resources and Assets25 (OGRS, No. 33/2012),
defining the use of natural resources in a manner complying with all components of sustainability
– environmental, economic, and social;

•

National Action Plan for Use of Renewable Energy Sources (NAPOIE)26 (OGRS, No. 53/2013),
developed in line with the form provided by the Directive 2009/28/EC, presenting the framework
policy of the Republic of Serbia and setting the roadmap in the field of renewable energy sources
by 2020;

•

Strategy of Energy Sector Development oof the Republic of Serbia by 2025 with projections
until 203027 (OGRS, No. 101/2015), prescribed by the Law on Energy, including long-term goals
for development of different energy activities, priorities of development activities, measures and
instruments for achievement of energy policies and the strategies and the defined programme
priorities;

•

Energy balances of the Republic of Serbia28 which are developed every year, with three-year
balances of energy flows: implementation of balances for the preceding year, estimated situation
for the current year, and projections for the coming year.

The accession of Serbia to the EU implies also the harmonisation of national legislation with the EU Acquis
Communautaire in terms of harmonising the national infrastructure with EU standards.
Thus, changes are required in the national legislation, reflecting both changes, social and improved
commercial and infrastructure relations. Harmonisation of the national legislation and strategic documents
with the legal framework of the EU will be implemented also in the energy sector. This sector will probably
have a key role in the process of negotiations and accession to the EU, as the EU Renewable Energy Directive
of 2009 sets binding targets for EU member states to ensure by 2020 a share of 20% of renewable energy
in the total energy consumption in the European Union. However, this does not mean that all member
states will have achieve their share in a linear manner, because the calculation is made for each country
individually based on the gross domestic product (GDP), meaning that economically strongest countries
will have the most demanding targets.
The UN conventions and rules have a significant role in this, as well as European organisations encompassing
more European countries than just the EU. This implies primarily the Energy Charter Treaty of the Organisation
for Economic Co-operation and Development (OECD) and the International Energy Agency (IEA). The United
Nations Economic Commission for Europe (UNECE) has developed a number of standards and conventions
adopted by all EU member states and non-member states, which transposed them into their national
legislations. By ratifying the Energy Community Treaty in 2006, Serbia committed to implement the EU
directives in the field of renewable energy sources.
The lengthy negotiations under the Treaty resulted in 2013 in determining the share of renewable energy
sources for Serbia of 27%, which is a significant increase relative to the share of 21.2% defined in 2009.
According to the National AP for RES in Serbia, in order to achieve by 2020 the share of 27% of RES, it is
necessary to construct 1,092 MW new capacities for electricity generation, implying the investment of EUR
2 billion in the coming years.
Accordingly, the share of RES in electricity sector should increase by 37% by 2020, and by 30% in the heating
and cooling sector, and 10% in the transport sector.
By adopting the new laws and bylaws, and new strategies and action plans in the energy sector, Serbia has
made significant progress in terms of harmonising its national legislation with the EU norms, but it is still
very much dependant on import of energy raw materials.
25
26
27
28

http://www.gs.gov.rs/lat/strategije-vs.html
http://www.mre.gov.rs/latinica/dokumenta-efikasnost-izvori.php#obn
http://www.mre.gov.rs/latinica/dokumenta-efikasnost-izvori.php#obn
http://www.mre.gov.rs/latinica/dokumenta-efikasnost-izvori.php#obn
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The need to improve the existing situation by different incentive measures is yet another indicator
confirming that SRP for energy purposes could be of significant interest in order to achieve the targets
by 2020, and this is something that many European countries realised and are trying to improve through
additional incentives, on top of the ”feed-in tariffs”, trying to improve the situation in this field.
Table 3-2. Legislation, strategic and plan documents directly and indirectly linked to renewable
energy sources generally in the Republic of Serbia.

Title

Type of
measure

Expectation

The Law on Spatial Plan of the Republic
of Serbia 2010 - 2020 (OGRS, No. 88/10)

regulatory

increased use
of RES

The Law on Planning and Construction
(OGRS, No. 72/2009, 81/09, 64/10
– decision CC, 24/11, 121/12, 42/13 decision CC, 50/13 - decision CC, 98/13
- decision CC, 132/14 and 145/14)

regulatory

increased use
of RES

The Energy Law (OGRS, No. 145/2014)

regulatory

increased use
of RES

regulatory

increased
electricity
production
from RES

financial

increased
electricity
production
from RES

planningstrategic

increased use
of RES

regulatory

preventing adverse
environmental
impacts

Decree on requirements and procedure
for acquiring the status of privileged
electricity producer, preliminary
privileged producer and producer of
energy from renewable sources (OGRS,
No. 56/2016)
Decree on incentives for energy
production from renewable sources
and high-efficiency power and heat cogeneration (OGRS, No. 56/2016)
Energy Sector Development Strategy
of the Republic of Serbia for the period
by 2025 with projections by 2030
(OGRS, No. 101/2015)

The Law on Strategic Environmental
Impact Assessment (OGRS, No. 135/04,
88/10)

Republic of Serbia
Ministry of Mining and Energy
Ministry of Agriculture and Environmental Protection

43

Empowered lives. Resilient nations.

Contents

Type of
measure

Expectation

regulatory

preventing
adverse
environmental
impacts

regulatory

preventing
adverse
environmental
impacts

The Law on Waste Management (OGRS,
No. 36/09, 88/10, 14/16)

regulatory

waste
management
and using
declared
waste as
energy source

Rulebook on waste categories, testing
and classification (OGRS, No. 56/10)

regulatory

waste
management

Rulebook on requirements and
methods of collection, transport,
storage, and treatment of waste used
as secondary raw material or energy
source (OGRS, No. 98/10)

regulatory

waste
management
and using
declared
waste as
energy source

Decree on types of waste for which
thermal treatment is required,
requirements and criteria for
determining locations, technical and
technological requirements for design,
construction, equipping and operation
of waste thermal treatment plants, and
handling of remaining waste (OGRS,
No. 102/10, 50/12)

regulatory

using waste as
energy source

The Law on Integrated Environmental
Pollution Prevention and Control
(OGRS, No. 135/04, 25/15)

regulatory

constructing
plants using
RES

Title

The Law on Environmental Impact
Assessment (OGRS, No. 135/04; 36/09)

Decree determining the list of projects
for which the environmental impact
assessment is mandatory or projects
for which EIA can be requested (OGRS,
No. 114/08)
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Title

Type of
measure

Expectation

Decree on types of activities and
facilities for which IPPC permit is
required (OGRS, No. 84/05)

regulatory

constructing
RES facilities

The Law on Nature Protection (OGRS,
No. 36/09, 88/10, 91/10, 14/16)

regulatory

utilisation of
RES

regulatory

utilisation
of RES and
constructing
plants
using RES in
protected
areas

regulatory

air protection
requirements
in utilisation
of RES

Decree on thresholds emission of air
pollutants from combustion plants
(OGRS, No. 06/16)

regulatory

fulfilling air
protection
requirements
in utilisation
of RES

Decree on monitoring and air quality
requirements (OGRS, No. 11/10, 75/10,
63/13)

regulatory

monitoring

regulatory

utilisation of
RES for heat
production,
co-generation
plants, etc.

regulatory

integrated
water
management;
utilisation of
RES

Decree on protection regimes (OGRS,
No. 31/12)

The Law on Air Protection (OGRS, No.
36/09, 10/13)

The Law on Public-Private Partnerships
and Concessions (OGRS, No. 88/11,
15/16)

The Law on Waters (OGRS, No. 30/10,
93/12)
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Title

Rulebook on contents and format
of application for issuing of water
management acts and contents of
opinions in the process of issuing water
management requirements (OGRS, No.
74/10, 116/12, 58/14)

The Law on Forests (OGRS, No. 30/10,
93/12, 89/15)

Law on Forest Reproductive Materials
OGRS, No. 135/04, 8/05, 41/09)

Rulebook on contents of forest
areas development plan, and forest
development plan in national parks
(OGRS, No. 145/14)

Rulebook on forestry order (OGRS, No.
38/11, 75/16)

Type of
measure

Expectation

regulatory

regulating
acquisition
of required
permits in the
process of
construction;
utilisation of
RES

regulatory

sustainable
forest
management;
utilisation of
RES

regulatory

providing
adequate
planting
material for
increased use
of RES

regulatory

requirements
of higher
level plan
documents
and their
content;
utilisation of
RES

regulatory

modes of
cutting
realization
and
maintenance
of cutting
area; ways of
RES use
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Type of
measure

Expectation

Rulebook on contents of plans and
programs for forest management,
annualplan of operations, and
provisional annual plan for
management of private forests (OGRS,
No. 122/03)

regulatory

requirements
of operational
plan
documents;
utilisation of
RES

The Law on Agricultural Land (OGRS,
No. 62/06, 65/08, 41/09, 112/15)

regulatory

land use
methods

regulatory

land use
methods and
defining land
protection
functions

regulatory

monitoring
and land
protection
methods

Rulebook on methodology for
rehabilitation and remediation
projects (OGRS, No. 74/2015)

regulatory

land
protection
and
rehabilitation
methods

Forestry Development Strategy of the
Republic of Serbia (OGRS, No. 59/06)

strategic

forest policy

National Sustainable Development
Strategy 2009 - 2017 (OGRS, No. 57/08)

strategicplanning

promoting
and increased
use of RES

planning

promoting
and increased
use of RES

Title

The Law on Land Protection (OGRS, No.
112/15)

Decree in systemic soil quality
monitoring programmes, risk
assessment indicators for soil
degradation, and methodology for
development of soil remediation
programmes (OGRS, No. 88/10)

AP for Implementation of the National
Strategy of Sustainable Development
(OGRS, No. 22/09)
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Title

Type of
measure

Expectation

National Environmental Protection
Strategy (OGRS, No. 12/10)

planning

increased use
of RES

strategicplanning

increased use
of RES

strategicplanning

increased
use of RES,
awareness
raising

Strategy of Sustainable Use of Natural
Resources and Assets
(OGRS, No. 33/12)
National Strategy on the Inclusion
of Republic of Serbia into Clean
Development Mechanism of the Kyoto
Protocol for the Waste Management
Sectors, Agriculture and Forestry
(OGRS, No. 8/10)

In conclusion to the above considerations, and looking at relevant laws and strategic and planning
documents, as well as the necessary steps in establishment of short rotation plantations, it is evident that
the sequence of activities can be presented as follows:
1. Addressing the municipal authority with application for establishment of energy crop plantations
in order to develop the plan for use of agricultural land;
2. Developing the design-planning documentation for the establishment of energy crops plantation;
3. Based on the design-planning documentation for establishment of energy crop plantation,
application to integrate it in the Plan for use of agricultural land, Annual soil protection programme,
and the Soil monitoring programme;
4. Application for processing the design-planning documentation by all relevant municipal services
in order to submit the application to higher level authorities in order to acquire the permits29
a. Application for permit for use of agricultural land for non-agricultural purposes – sector for
agricultural land
b. Application for permit in the field of infrastructure and spatial planning – sector for
construction and urban planning
c. Application for defining the water management requirements – water management sector
d. Application for defining the necessary forestry requirements for establishment of the
plantation – forestry sector
e. Application for environmental permits – requirements of the Nature Protection Service
f.

Application for permits related to environmental protection (strategic environmental
impact assessment) – environmental protection sector

g. Application for permits related to soil protection (soil protection plan, annual soil protection
programme, and soil monitoring programme);
29

za zemljišta I-V katastarske klase prema Zakonu o poljoprivrednom zemljištu
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5. After acquiring all the permits project implementation can begin;
6. Projects are implemented by stages
a. Defining the planting area
b. Defining the necessary infrastructure interventions (roads, water, power, etc.)
c. Defining forestry criteria (types of planting material, origin, quantity, manner of planting,
etc.)
d. Defining the environmental criteria (nature protection)
e. Implementation oversight (agriculture and forestry inspectors, nature protection
inspectors, urban and spatial planning inspectors, water management inspectors);
7. Harvesting of plantations and transport to the final user, or location for storage;
8. Quality control and product characteristics at the time of delivery to final user.
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3.4. Market potentials and constraints
Wood fuels have an important role as source of energy in Serbia, especially in rural areas without access to
gas distribution network or district heating network.
Key reasons why consumers in Serbia decides for wood fuels are (1) tradition, (2) availability of different types
of fuel to endusers, (3) prices of other fuels, (4) technologies, (5) purchasing power of consumers, (6) access
to information during the decision-making process, (7) consumers’ awareness on positive environmental
impacts and (8) availability of incentives for purchasing solid fuels heating and cooking efficient stoves.
Consumption of fuel wood is characterised by two different trends in recent years (Glavonjić 2014):
1. Total consumption increased from 7.1 million m3 in 2010 to 7.44 million m3 in 2012;
2. The share of households in the total consumption has decreased from 90.2% in 2010 to 86.5% in
2012.
Of the total fuel wood consumption in 2010, consumption by households accounted for 90.2%, while
consumption of wood pellets is 0.6% and sawdust 0.2%. Industries used as raw material for production
of particle-board and HDF boards 4.7% of fuel wood in 2010, and almost 6.4% in 2012, while producers of
wood pellets and wood chips in the same years increased the consumption of fuel wood with a share of 3%
in total consumption, whereas the share of households was reduced to 86.5% (Glavonjić 2014).
According to the quoted author, production and consumption of wood fuels in Serbia includes primarily
the use of fuelwood, wood chips, wood briquettes, wood pellets, and charcoal. Fuel wood is mostly
produced by big public enterprises responsible for forest management, five national parks, private forests
and entrepreneurs. Wood chips are produced by 13 companies (entrepreneurs), and wood briquettes by
41 companies. In the last five years (by 2014) the biggest growth of production capacities and the number
of companies happened in the production of wood pellets. Currently there are 42 active plants producing
wood pellets. Production of charcoal is mostly present in rural areas rich in forests, in more than 1,500
small-scale charcoal kilns and one industrial plant.
Essentially, there are two main suppliers in the market of fuelwood, or wood energy sources generally.
These are public enterprises engaged in forest management and private forest owners (entrepreneurs). The
demand for wood energy sources are evidently increasing and the structure of supplying these materials
needs to change and adjust to market needs. We are witnessing that during the heating season many
entrepreneurs are selling fuelwood of suspicious origin, and unverified quantity and quality characteristics.
Increasing prices of heating in households have encouraged many households to move from fossil fuels
and district heating systems to much cheaper energy source – fuelwood and wood products (pellet,
briquette, wood chips).
Bigger consumers have a similar way of thinking, and there is a trend of increasing use of wood chips for
industrial purposes. This resulted in a significant market demand and at the same time increased prices
for wood chips, due to which many market actors saw an opportunity there. Until 2012 the production of
wood chips was increasing rapidly, and in 2013 the production dropped (Graph 3-1), but in the meantime
the market consolidated and the increasing trend continued since 2014. It should be noted that wood
chips were mostly intended for exports, because the Serbian market is not sufficiently developed, and the
biggest consumers of wood chips were wood board industries.
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Graph 3-1. Production of wood chips in Serbia
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Source: Glavonjić B., M. Vukadinović (2014)

In 2013 the total production of pellets was 167,000 tons, using raw materials in a total amount of 340,000
m3, mostly fuel wood. There has been an increasing trend of production of pellets in Serbia, but it should
be noted that only about 40% of produced wood pellets are marketed in Serbia, while 60% is intended for
exports. It is however assumed that this trend will be reducing, and that more pellets will be marketed in
the domestic market which is slowly developing and the demand for wood pellets is increasing (Graph 3-2).
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Graph 3-2. Production and consumption of wood pellets in Serbia
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Prices of fuelwood vary depending on seller and assortment. The price of fuel wood of 1st category of
beech in state-owned forestry enterprises ranges from 30-36 €/m3 on the forest truck road, depending on
location. The prices are for assortment of 1m length and not including VAT which for fuel wood in Serbia
amounts to 10%.
Prices of fuelwood offered to final users (households) in towns by private entrepreneurs (trade from the
truck) are higher than those on the forest road and range from 30-44 €/stacked cubic meter, including
transport to the place of residence of the buyer. The cutting services for 1 meter of wood are priced
additional 2 €/stacked cubic meter. In smaller towns in south-western and western Serbia prices for fuel
wood range from 30-35 €/stacked cubic meter while in major towns (Belgrade, Novi Sad, Kragujevac, and
Niš) they are as high as 44 €/stacked cubic meter. Apart from fuel wood sold by meter, consumers are also
offered split wood of 33 cm length at prices ranging from 37-46 €/stacked cubic meter (Glavonjić 2014).
Briquettes are mostly packed in boxes of 15 kg at prices of 1.5 €/box or 0.1 €/kg. Prices without VAT are
delivered in premises of the producers. Some producers package briquettes in bags of 35 kg sold at 3.3
€/bag or 0.09 €/kg (not including VAT). Market prices of briquettes range from 102-155 €/t, including VAT
(Glavonjić 2014).
The price of pellets in the Serbian market ranges from 195-235 €/t, although there are cases of selling lower
quality pellet at EUR 180/t.
The price of wood chips varies considerably by buyers and by quality. Major consumers, such as company
”Kronošpan” have big demands for wood chips and this results in price below the market price which can
be 9.75-11.38 €/loose cubic meter for coniferous and 14.63 €/nm3 for beech, while for soft deciduous trees it
is about 7.32 €/nm3. Depending on the wood species, the type of wood chips, the quality, and the presence
in the market, the price per tons for wood chips of moisture (M) about 30%, range from about EUR 23 for
soft deciduous trees to 45 € for beech, and the average price of wood chips per ton mostly ranges between
30-35 €/ton.
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Table 3-3. Market prices of wood fuels in Serbia in 2014
Energy source

Measuring
unit

Fuelwood

EUR/prm
(M=30%)

Split wood of
length 33 cm
W o
o
briquettes

d

Wood pellets
Wood chips G
30
Charcoal

Price EUR/unit
30-35 (Central
Serbia)

Energy value in
kWh/unit
1,840

40-44 (Vojvodina)

Price EUR /kWh
0.016-0.019
0.022-0.024

EUR/prm
(M=30%)

37-46

1,840

0.020-0.025

EUR/t

102-155

4,600

0.022-0.034

EUR/t

195-235

4,800

0.041-0.049

EUR/t
(M=30%)

30-35

3,300

0.010-0.011

EUR/kg

0.54-0.63

7.2

0.075-0.087

Source: Glavonjić, Vukadinović (2014)

Considering the above from the point of view of use of fuelwood, it is clear that the demand for wood
fuels in the near future will be growing, and this will not result in reduced pressures on forest resources,
but on the contrary. Analysing the demand for wood as energy source, it is evident that there is need to set
priorities in terms of use, since the supply of the local population is at the very top of priorities, thus their
users move to the second category, which can create market distortions, primarily with respect to pellets
producers but also wood chips.
Certain international projects have initiated the substitution of energy sources in district heating systems
so that instead of fossil fuels (mostly crude oil and natural gas) wood biomass should be used (primarily
wood chips), which opens up plenty of possibilities for biomass market development. Possible problems
with this are the lack of technical regulations prescribing binding application of standards in this field,
and the fact that the demand for these energy source is significant and there is a realistic risk of exerting
additional pressures on resources - forests.
According to the data available on the actual scope of utilisation of wood resources in Serbia it can be
concluded that the limit of sustainable utilisation is very close and that the increase in wood use would
exceed the limit and thus directly jeopardize this strategic resource, as well as the concept of sustainability
in forests and forestry in general (Glavonjić et al. 2015).
Possibly an opportunity to prevent such a scenario is exactly in short rotation energy crop plantations
which could have a big role in ensuring energy sources for district heating systems and also for pellet
plants in terms of their meeting the demand for heating (ex. for drying kilns). Since the establishment of
multiannual SRP in agricultural, forestry, or marginal land is still in its initial stage, the planting and using
of SRP is nevertheless still perceived as ”positive activity” and ”progress”, since SRP are a renewable and
environmentally-friendly source of energy, produced in short periods of time, compared to fossil fuels.
However, there are numerous limitations which can pose a risk to establishing and management of SRP,
such as:
- security of marketing and supply is not sufficient, putting potential investors into plants that would
consume this form of energy source into a precarious position to generate additional expenditures due
to ensuring supply of raw materials at prices outside of the profitable range;
- the legislative framework is not clear and relies too heavily on different interpretations which can
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also cause additional expenditures, and even interruptions of activities with SRP (the issue of use of
agricultural land for non-agricultural purposes);
- although the Law on Agricultural Land allows the establishment of energy crops plantations, the
procedure is still not clear and it happens that activities at local level are not receiving adequate support
from the national level and vice versa;
- conditions are not clear about the conditions under which energy crops plantations can be established
on privately owned land and to which scope;
- initiating and intensifying such activities under the current market conditions would require certain
incentives, but it is unclear which sector should provide them and in which way,
- although the Law on Energy in its provisions makes reference to renewable energy sources, the issue of
short-rotation energy crops species is not covered by this Law, and there are no support mechanisms
or indications that they would be provided any time soon;
- the Law on Forests in principle supports the establishment of energy crops plantations, but it leaves too
much room for interpretation thereof, in terms of the manner and location of establishment and the
necessary technical documentation for SRP (there are no bylaws in place);
- environmental legislation is not quite clear on needs for environmental impact assessment when
establishing energy crops plantations;
- essentially, it is evident that there is potential ”conflict” between using land for SRP and other forms of
land use, either for agricultural produce or objectives related to nature protection related directives.
Impacts on change in land use are significant, and it is therefore necessary to analyse each project
separately when establishing a new plantation;
- there are no technical regulations (applicable instructions) that would determine the adequate
application of standards and norms for establishment, care, and harvest in such plantations;
- the biggest users of forest land (forest management enterprises) are not too interested in this kind of
activity, which can be a significant problem due to logistical and other support that these users should
provide and ensure in the foreseeable future;
- transport infrastructure is a major challenge, especially in hilly and mountainous regions, with major
limitations in access to land for establishment of SRP, thus the inadequate road infrastructure additionally
makes the whole project of establishing a plantation more difficult, complex, and financially demanding;
- the quality of produced raw materials has a direct impact on the manner of establishing the plantations,
care, quality of planting material, soil quality, adequate species for planting, training of staff, application
of adequate agro-technical measures, use of adequate mechanisation (reducing improvisation to the
minimum), adequate handling and storaging of wood chips, etc. In this context, there is no certified
laboratory at national level, which would define required parameters for the quality of the final product
from these plantations;
- logistical limitations are also possible, in terms of insufficient or inadequate mechanisation, giving up
on the project by one actor in the chain due to low profits (ex. transport or production). This would
bring the users in an unenviable position because they would be overly dependent on certain stages in
the supply chain, and such situations are to be avoided;
- week diversification of the final product due to limited way of use (ex. if used for one purpose only)
which can lead to heaping up big quantities that cannot be absorbed and would distort the market;
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- in principle, the market is not developed and this could have adverse effects on the development of
this sub-sector, as the price of products would not be guided only on market principles of supply and
demand, but there could be major distortions in case of insufficient number of users for wood chips.
- week inter-sectoral cooperation which is not monitoring the relevant plan activities, and lack of
harmonisation in planning, in order to avoid market distortions (excessive or insufficient demand or
supply) which can be key for sustainable use of energy crops.

3.5. Analysis of energy generation costs produced from SRP
Since the level of biomass production from SRP depends on a series of factors (type of soil, genetic
properties of the species, clones, or hybrids, type and intensity of management ) anyone wishing to
establish and manage a SRP should analyse in detail the impacts of all these factors or groups of factors on
the resulting biomass production, and consider the expenditures and revenues of all ”works”, but also pay
significant attention to existing or future ”support and incentives” mechanisms by the state . After thorough
consideration of all of these aspects a decision can be made on whether it is profitable to invest in this form
of production or not. Summarising the results of several decades to managing SRP in Sweden, Dimitriou
et al. (2011) stated that the process of the most intensive establishment of SRP happened during the first
half of the 1990’s, and that the achieved intensity of establishing SRP is strongly correlated to state support,
which enabled full cost coverage for willow ”SRP” in this country. Namely, the amounts of subsidies in this
country in the said period were very stimulating. For each hectare of land in which production of traditional
crops was replaced by production of biomass within ”SRP” the state provided EUR 810, with additional
subsidies for all costs associated with the establishment of SRP amounting even EUR 900 and in some cases
the state also provided up to EUR 360 to fence the plantations (Dimitriou et al. 2011).
However, high subsidies for SRP can also produce negative effects. Dimitriou et al. (2011) assume that
exceptionally high financial support for the establishment and management of willows SRP in Sweden
(altogether about EUR 2,070 per hectare) is probably one of the key factors why the biomass production
from willow in this country was lower than expected at the time when the intensive establishment of SRP
started (less investment into measures that can increase biomass yield and “relaxed approach” by farmers
in view of significant subsidies).
A number of studies have been conducted in Eastern Europe on cost-effectiveness of SRP, but these were
based primarily on results from experimental fields the size of 1 ha to 50 ha and not commercially complete
(Kajba et al. 2011). The said authors state that results of these studies demonstrated that costs associated
with the establishment of SRP range from EUR 1,500 – 2,000 for willows, while some studies estimated
revenues, calculating the annual yields of biomass exceeding 20 t/ha. According to data of REBINA AGRAR,
the costs of establishing willow SRP willows in the part of Romania bordering with Serbia are about EUR
3,400 with planting materials accounted for EUR 1,400 and land preparation for EUR 1,000 and the irrigation
system for EUR 1,000.
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During a 12-year production cycle for willow biomass in SRP, Kajba et al. (2011) state the following
calculation:
1. Total costs of establishment and maintenance of SRP per hectare – EUR 6,400
2. Total quantity of dry biomass will be 144 t/ha
3. The costs of producing biomass would be EUR 6,400 EUR/ 144 t = 44.4 EUR/t
4. Total volume of captured CO2 is estimated at 144 t/ha
Probably the most important aspect of the overall system of SRP, which most strongly impacts the costs
and revenues and generally the sustainability of this form of biomass production and energy production
is the possible level of biomass production from SRP from the most frequently used tree species. The
average annual yield of willow and poplar SRP biomass in Europe, in sites of average quality, with not
overly intensive management, amounts to about 9-12 t/ha/year of dry biomass. In Swedish conditions 12
t/ha/year of dry biomass is the lower level of cost-effectiveness in biomass production (Perttu 1992, cit. u
Szczukovski et al. 2002). The average annual yields of biomass from willows and poplar SRP in Europe, in
sites of medium quality, with not overly intensive management, is about 9-12 t/ha/year of dry biomass.
Analysing individual results related to yield of biomass from black locust SRP, Grünewald et al. (2009)
concluded that with the application of adequate cultivars it is possible also with this species to achieve the
threshold level of increment of 10-12 t/ha/year, which is often stated as the average biomass yield which
makes this form of production financially viable.
Relying on existing research conducted in the region, in the EU countries, and in Serbia30, a calculation has
been made of costs and revenues from short rotation energy crops plantations and these are presented in
Table 3-4. The species of trees used for the calculation of profitability of SRP are is willow (Salix viminalis),
clone Inger, tested on experimental fields with moderate intensity of management, with the use of planting
material of well-known source in quantity of 14,000 pcs/ha, with the price per one planting cut of EUR
0.091 /pcs (RSD 11.20 /pcs).
The cost analysis necessary for the establishment of plantations included land rent, land preparation
(clearing up the land, deep ploughing, harrowing, treatment with allowed herbicides, etc.) followed by
planting the planting material using mechanisation with manual support where necessary, followed by
land maintenance (supervision, irrigation, hoeing, and spraying and fertilisation), followed by harvesting
with the use of full mechanisation, and finally transport. Transport was calculated based on EUR 3/t of
processed wood biomass (chips).
It should be noted that the calculation was made based on full processing at the place of harvest without
interim steps with storage for drying, where the wood chips after harvest was right away transported to
the end user.
Calculation of yields was done using experimental data of company ”Rebina agrar Srbija doo” and they
range from 30 t/ha in the 3rd year to 40 t/ha in the 4th year and 45 t/ha in the 5th year, 50 t/ha in the 6th year,
which was the maximum value of yield. It should be reiterated that the data from the table are based
on expected results from experience of ”Rebina”, whih are indicative possible results, and which can vary
significantly in practice depending on management intensity, climate conditions, and habitats. Such
experience was combined with other international achievements and partially ”transposed” to conditions
in Serbia. Additionally, based on individual knowledge, certain yields in certain years could, doubtless, be
discussed.
30

http://www.rebina.rs/salixViminalis/
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Analysis of cash flow, by method of management – option 1 (Table 3-4), where after a 3-year cycle cutting
is performed in each consecutive year, it is observed that the investment is paid back in the 5th year, which
is quite favourable, provided that there are no major disturbances in the market, and that the price for
wood chips remains at EUR 50/t. Also, it is observed that the level of investment increases until the 2nd year
of establishment or until the harvest in the 3rd year and that already in the 5th year there is full investment
payback which initially is EUR 3,334/ha, and already in the 6th year it happens that considerable revenue
of EUR 1,821/ha is achieved and the increasing trend continues until the time when the new plantation is
established, amounting to EUR 1,700/ha/year.
Depending on the method of management – option 2 (Table 3-5), assuming additional calculation of costs
and revenues after the harvest every three years, where certain costs remain at annual level but producing
in the sum total a much greater profit, associated with the additional yield accumulation and greater yields
in the 3rd year. Under this scenario the investment is paid back in the 6th year and in that same year there is
additional profit made much greater than in the above example. It is interesting to note that investments
are practically the same, but the profit in the second scenario was greater by EUR 2,410/ha.
Irrespective of the above conclusions related to cost-effectiveness of energy crops plantations, it is
nevertheless recommended to have incentives for the establishment of such plantations in order to alleviate
the burden of the initial investment and the initial costs which are considerable for Serbian conditions.
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Table 3-4. Review of possible basic costs and revenues associated with establishing and
managing SRP in Serbia (option 1)
INVESTMENT

Tree
species

Period
of
activity

Cuttings

REVENUE

Land
rent

Land
preparation

Planting

Processing

Harvest

Transport

TOTAL

Yield

Revenue

BALANCE

pcs/ha

€/pcs

€

€/ha

€/ha

€/ha

€/ha

€/ha

€

€/ha

Wt/
ha

€/ha

€/year

+/-

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Year 0

14,000

0.091

1,274

300

250

210

200

0

100

2,334

0

0

-2,334

-2,334

Year 1

0

0

0

300

50

0

200

0

0

550

10

0

-550

-2,884

Year 2

0

0

0

300

50

0

100

0

0

450

20

0

-450

-3,334

Year 3

0

0

0

300

50

0

50

250

90

740

30

1,500

760

-2,574

Willow

Year 4

0

0

0

300

50

0

50

250

120

770

40

2,000

1,230

-1,344

(Salix
viminalis)

Year 5

0

0

0

300

50

0

50

250

135

785

45

2,250

1,465

121

Year 6

0

0

0

300

50

0

50

250

150

800

50

2,500

1,700

1,821

Year 7

0

0

0

300

50

0

50

250

150

800

50

2,500

1,700

3,521

Year 8

0

0

0

300

50

0

50

250

150

800

50

2,500

1,700

5,221

Year 9

0

0

0

300

50

0

50

250

150

800

50

2,500

1,700

6,921

1
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Table 3-5. Review of possible basic costs and revenues associated with establishing and
managing SRP in Serbia (option 2)
INVESTMENT
Tree
species

Willow
(Salix
viminalis)

Period
of activity

Cuttings

REVENUE

Land
rent

Land
preparation

Planting

Processing

Harvest

Transport

TOTAL

Yield

Revenue

BALANCE

pcs/ha

€/pcs

€

€/ha

€/ha

pcs/ha

€/pcs

€

€

€/ha

Wt/
ha

€/ha

€

+/-

Year 0

14,000

0.091

1,274

300

250

210

200

0

100

2,334

0

0

-2,334

-2,334

Year 1

0

0

0

300

50

0

200

0

0

550

10

0

-550

-2,884

Year 2

0

0

0

300

50

0

100

0

0

450

20

0

-450

-3,334

Year 3

0

0

0

300

50

0

50

250

90

740

60

3,000

2,170

-1,164

Year 4

0

0

0

300

50

0

50

0

0

400

40

0

-400

-1,564

Year 5

0

0

0

300

50

0

50

0

0

400

85

0

-400

-1,964

Year 6

0

0

0

300

50

0

50

250

405

1,055

135

6,750

5,695

3,731

Year 7

0

0

0

300

50

0

50

0

0

400

50

0

-400

3,331

Year 8

0

0

0

300

50

0

50

0

0

400

100

0

-400

2,931

Year 9

0

0

0

300

50

0

50

250

450

1,100

150

7,500

6,400

9,331

1.1.

Republic of Serbia
Ministry of Mining and Energy
Ministry of Agriculture and Environmental Protection

59

Empowered lives. Resilient nations.

Contents

3.6. Comparative analysis of advantages and disadvantages of
producing biomass from SRP and other forms of production on
agricultural land
The use of fast rotation coppice for bioenergy production from SRP is doubtless a new form of plantation
and biomass production compared to other forms of agricultural production, both in terms of their
presence and development and in terms of the existing experience in our country and elsewhere. The
decision-making should however take into consideration that biomass production systems in SRP and
conventional agricultural production are inter-dependent and inter-connected. Thus, for instance, the
greater productivity of areas under food and feed crops opens up the possibility for greater presence of
SRP and increase of areas under such plantations. On the other hand, states can have a completely different
reasoning on the same issue. If total biomass production from agricultural crops on land of category IV and
V is greater than biomass production from SRP, the decision-makers at different levels in making strategic
decisions can opt for moving energy-crops plantations towards less fertile land,where they can achieve
yet lower biomass yields which would result in lower profitability of this form of plantations. However,
adequate policy by the ministry in charge of agriculture could through appropriate and rational “spatial
direction and distribution” of areas under food crops and SRP in Serbia discourage the increase of food prices
due to reduced areas under agricultural crops and increased areas under SRP. Certainly, greatest biomass
production and thus greatest profits can be achieved in highly fertile land, with intensive management
and in such lands it is highly likely that SRP would have also positive impacts on water, soil and biodiversity
(Dimitriou, Rutz 2015). Nevertheless, the demand for wood biomass from SRP and such method of biomass
production as well as the market for products from such production are not likely to be either for the public
or for the land owners and society at large as interesting as traditional agricultural production for food and
feed products and consequently the best quality land is likely to always be predetermined for traditional
agricultural production.
In order to come up with recommendations for sustainable management of SRP it should be emphasised
that the traditional methods of land use, in which SRP is to be established, has a key role in considering
if establishment of SRP will have positive or negative impacts. In principle, the three main types of land
use with which production of biomass from SRP can be compared and evaluated include: areas under
conventional agricultural crops, pastures, and areas under forests. Although each of these three methods
of land use can be of different intensities still certain key general conclusions can be derived on possible
effects of introducing SRP into these three types of land use (Table 3-5).
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Table 3-6. Impacts of establishing SRP on agricultural land, pastures, and forests
Criteria

SRP compared to
agricultural land

SRP compared to pastures

SRP compared to
areas under forests

Use of
pesticides

During the stage of
establishment and cutting of
SRP it is similar to conventional
agricultural productions. During
other short rotation production
stages pesticides are not
needed.

During the stage of
establishment and cutting
of SRP similar as in pastures.
During other short rotation
production stages pesticides
are not needed

Higher

Use of
fertilisers

Considerably lower than in
traditional agriculture

Considerably lower than
in intensive pastures
management

Higher

Soil erosion

Considerably lower

During the stage of establishment
and cutting of SRP greater exposure
than in pastures. During other short
rotation production stages similar
to pastures

Somewhat higher

Biodiversity

Most often it is
considerably higher than
in intensive growing of
agricultural crops. In lands
managed with lower
intensity it can be higher
or lower.

Depends on intensity of
pasture management, and
on soil composition.

Depends on type
of forest and
design of SRP.
Compared with
natural forests
the level of
biodiversity in SRP
is considerably
lower.

Climate and
water

Higher evaporationtranspiration, higher
interception, higher
wind protection, lower
temperature extremes,
reduced sand and
pollutants

Higher evaporationtranspiration, higher
wind protection, lower
temperature extremes

Stronger negative
impacts

Considerably higher

Greater or the same,
depending on management
intensity

Storage of CO2
is considerably
lower, but at
annual level it is
much stronger

Carbon
storage

Source: Dimitriou, Rutz (2015)
With respect to environmental sustainability of SRP, it can again be pointed to the fact that diversity in SRP
is greater than in areas under agricultural crops and can be compared to certain other communicates (areas
under bushes, coppice forests, certain types of pure deciduous forests, monocultures in bigger areas). It has
been established in literature (ex. McKay 2011) that all ecosystems left to develop naturally or where low
intensity management is applied, such as marshes, bushy “formations or abandoned agricultural or other
land, most frequently is ideal site for numerous plant and animal species, and establishment of SRP is such
sites certainly results in reduced biodiversity of plant and animal species. On the other hand, information
from the above table shows that establishment and management of SRP very soon results in increased
plant and animal diversity compared to conventionally manage agricultural land (Dimitriou, Rutz 2015).
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Similar conclusions are derived also by Rockwood et al. (2004) and Baum et al. (2009a), when comparing
traditional agricultural production and SRC, where they state that SRC has advantages from the point of
view of land and biodiversity. However, if we compare SRC plantations and natural forests and especially
mixed deciduous forests of old-growth forest type, the level of diversity is nevertheless lower in SRC (Baum
et al. 2009a, Dimitriou, Rutz 2015).

Figure 2. Short rotation willow plantation, as wind barrier, within 40 ha of a major complex
under farming crops in Dornburg (Germany).

Source: Dimitriou and Rutz (2015)
From the point of view of structural diversity, SRP considerably contributes to diversifying landscape since
the usual production period of their management is for example 3 ears which means that every spring
one third of area under SRP is a fully ”open sitesite”, which in its structure and visual appearance differs
considerably from other parts with single year or two year plants (Volk et al. 2004). Also, ”introducing”
SRP in complexes under great area agricultural crops can contribute to considerable structural and visual
diversity of landscape, and can also reduce temperature extremes and risk of effects of strong winds in
agricultural land (Figure 2).
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4. Recommendations for decisionmakers at different levels in the
Republic of Serbia
Increased interest of the public, and especially of land owners, to introduce SRP systems and further
increase areas under SRP in Serbia, greatly depend on the overall profitability of the establishment and
management of SRP. The key factor influencing profitability of SRP management is the possible level of
biomass production from such plantations. When considering potential biomass production from SRP of
our key fast-growing tree species (willows, poplar, and black locust) several aspects must be taken into
account. It is necessary to realise that the level of annual biomass production depends on a number of
factors. In denser formations the annual biomass production is higher than in less dense ones, and in such
SRP (ex. willows and poplar) the production cycle (rotation) must take shorter (2-3 years, possibly 4-5 years
at poorer sites) compared to SRP of lesser density. Biomass increment in the first year is considerably lower
than in the second and third year of rotation. Therefore it is necessary for farmers after the first year to
conduct cutting up to a certain height of the stem in order to increase the number of shoots from the stem,
increase the growth and create conditions for maximum yield of above ground biomass in subsequent
years.
It should also be kept in mind that biomass yield increases after each successive 2-year, 3–year, or 4-year
rotation, up to a certain number of rotations. Biomass yield in the second rotation is in general higher than
in the first one. It should be noted that this yield can be greater by 35% (Volk et al. 2001) or as much as 60%
(Mola-Yudego, Aronsson 2008), but also that biomass yield increases and maintains high up to the fourth
rotation, after which it begins to gradually decrease. The benefits of the high sprouting capacity of species
for SRP are proportionate to quality of soil on which the SRP is established, thus the poorer the soil the
poorer will be the effects of the sprouting capacity of these species and vice versa.
Biomass annual increment and total production in SRP of course depend on the species of trees used
for energy purposes in short rotations. For better quality sites (more fertile land, greater availability of
water) it is recommended to establish plantations with adequate species of willow and poplar. In medium
favourable and poorer sites it is recommended to establish SRP of black locust, because of its positive
properties relevant to this type of bio-energy production (intense growth and yield in initial years, high
wood density, exceptional sprouting capacity, capacity to absorb atmospheric nitrogen, lower need for
fertilisation, etc.). Additionally, results of research conducted so far demonstrate that black locust, even
under extreme conditions (tailings ponds around mines and thermal power plants, in are of Deliblato
Sands) can achieve relatively high biomass production. Under such conditions it is recommended to
establish SRP of black locust, with strong advantages relative to SRP of willow or poplar. However, since
in our environmental circles black locust is considered an invasive species, it is necessary to regulate the
establishment and management of black locust SRP through relevant legislation and harmonise ”intersectoral competences”.
The collected initial information on biomass increment and production from experimental fields are taken
with some reservation, since the level of biomass yield from experimental fields (where production is quite
intensive under rather controlled conditions and which are smaller fields with higher share of edge areas
with more daylight and thus greater potential for growth of trees along the edges) can be considerably
higher relative to data from ”commercial” SRP, established on much bigger areas.
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Another key issue in initial years can be the adverse effects of wildlife and it is necessary to build fences
around new plantations or ensure specific procedures to keep the wildlife away. In principal, it is necessary
to minimize damage and it is therefore recommended to practice frequent (practically daily) visits during
the first year (but also later) with possible presence of the local ’guard’, who would be continually present
in case of need for urgent interventions in the plantation.
Some literature sources state that fertilisation, as a measure of SRP management, in this kind of biomass
production is not at all needed or quantities of fertiliser should be kept to a minimum. In case of doubt
concerning these issues there is literature which can be consulted which demonstrates that ”fertilised”
willow SRP can produce biomass yields greater by 40% or even 50% compared to SRP which are not fertilised
(Dimitriou et al. 2011). Plantations should be treated with natural fertiliser, because plantations progress
depending on type of treatment. Use of organic fertiliser is recommended (treated waste water, municipal
sludge, or digest from biogas plants), and the period after cutting is the best time for application of fertiliser.
Owners of SRP should especially be ”encouraged” and motivated to use waste water and municipal sludge
in biomass production, since this can contribute to reducing the loss of nutrients from soil and can promote
phytoremedial functions of SRP. Additionally, the application of waste waters and municipal sewage sludge
does not impact the water quality in the area of SRP, which is an additional benefit to the application of
these ”residues”.
In order for a certain area to be considered favourable for establishment of SRP numerous requirements
need to be fulfilled. A major requirement is the selection of adequate location for SRP, including soil of
adequate quality, which is directly proportionate to biomass yield levels, and revenues generated by the
plantation. Highly intensive land treatment before planting and weed removal after planting in the first year
is highly recommended (Figure 1). Control of performance of works and interventions after planting is very
important, as it often happens that there would be ’empty areas’, which requires additional interventions
and manual filling of all areas where planting was not successful or did not produce satisfactory results. On
the other hand, it is not recommended to establish SRP in areas under certain protection regimes (zones
identified for site conservation, areas with rare species, marshy areas, etc.). Once the location for SRP is
selected, it is recommended to establish a number of smaller plantations of different species and clones
(highly productive, of course) instead of one big plantation, which will produce positive effects on plant
and animal species diversity and structure within the SRP.
SRP can be established in land of different quality, but it is clear that more fertile land will result in greater
biomass yield and production, thus also in better financial indicators. In the Serbian context, however, it is
difficult to assume that SRP will be established in quality land, since this land is already dedicated to food
production. It is recommended to clearly define the manner of establishment of short rotation plantations
in agricultural land, with clear procedures and possibility to establish such plantations also in the land of
best quality, with certain limitations (ex. that not more than 10% of quality land can be used for SRP).
With respect to areas in which it is possible to establish and grow SRP, there is need to determine the
theoretical (possible) and technical (practically feasible) potential of the Republic of Serbia. The assessment
of the theoretical potential includes the collection, sorting, analysis and presentation of data regarding the
total area of forest, agricultural and other forms of land (favourable, medium favourable, and marginal), in
which it would be possible to establish and manage SRP. For this purpose it would be necessary to analyse
the present different studies on agricultural land and the map of such land in the Republic of Serbia, but also
other pedological, hydropedological, geological, and hydrological maps. After that, by elimination of areas
under where it is not profitable to grow SRP, it would be possible to determine the area of agricultural land
of poorer quality and the area of forests land adequate for sustainable management of SRP. The technical
potential should be determined on the basis of the theoretical potential by “elimination” of all conditions
and limitations (type of land and terrain and configuration of terrain, possibility to use mechanisation for
the establishment of SRP, possible fertilisation and irrigation, weed removal and cutting at the end of the
production cycle, environmental directives, adequate location, etc.).
The demand of SRP for water is usually higher than in the case of conventional agricultural crops in the
same area. Therefore, if possible, priority should be given to areas with access to ground water or other
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available sources of water (ex. surface waters, waste water, etc.). For some SRP, like willow SRP, it is known
that they can tolerate higher water levels, and this should be taken into consideration when selecting
locations for SRP. On the other hand, it is necessary to take care that surplus water in the soil can lead to
difficulties in using mechanisation for SRP management.
Demands for water of different species for establishment of plantations often vary also within one species
and it is necessary to have relevant recommendations from producers of planting material for every species
and clone individually when establishing the plantation. In view of expected consequences of climate
change in the Republic of Serbia experts in genetics and producers of planting material should develop
cultivars which can successfully grow on soil of poorer quality and with less water available, especially for
willow and poplar SRP. The planting material which is to be used for establishing the plantation should be
tested under local conditions before being placed in the market, because often local climate conditions are
the key factor for the success of a certain energy crop plantation. At the same time, special emphasis should
be put on such genetic material which is most resistant to the effects of different pests of entomological and
phytopathological character. The final judgement of the potential of such clones or hybrids can be made
only after several rotations and testing depending on the key factors influencing the levels of biomass
production. However, such procedures within measures aimed at raising the level of production in SRP may
take several years, even decades, and final evaluation of raised biomass production cannot be made even
within mid-term planning (Searle, Malins 2014).
It is important to ensure adequate access to plantations (road network), with the possibility to use existing
rural roads, trying if possible to have access roads and the plantation locations at inclinations not exceeding
10%, since greater inclinations limit the use of heavy machinery for cutting and thus raise costs of cutting
and maintenance of plantations in general. Optimisation of the cutting process refers to the cutting of the
trees, transport, and also adequate storage of the cut material. It is important to prevent the spillage of cut
material, ensure adequate transport with specialised machinery and connection devices for this purpose.
Also, it is necessary to store the product in facilities intended for this purpose which enable drying and
handling of the material, without new losses and with the use of adequate mechanisation. In terms of
increasing diversity of species and structures, cutting should be done in different years with maximum
possible differences in rotation duration, without causing drastic reduction in the level of produced
biomass.
The legal framework for the establishment of SRP is a major aspect for the establishment of such plantations
and this issue needs to be adequately considered. Namely, before starting any activity related to SRP, the
legal framework should be adequately studied as it will have impacts on the decision whether to start
the business or not. Potential investors should get a clear picture of different levels of competences,
the necessary activities and methods of project implementation. In other words, a ”road map” should
be developed for the implementation of the project idea. Practically every European country has some
specific features in terms of energy crops, be it on limitations or incentives, and these differences can occur
at local, regional, or national level. In the Serbian context this issue has only recently been recognised in the
Law on Agricultural Land, but essentially there are still too many uncertainties in the Law, therefore there is
need to facilitate the process of establishing and managing SRP. It is recommended to adopt a bylaw under
the Law on Agricultural Land, which would clearly define procedures and methods of establishing these
plantations, with clearly set competences of different sectors, from local to national level. Another similar
recommendation is for the energy sector, which is expected through a system of incentives to support SRP
for energy purposes.
Implementation of projects of this kind certainly deserves incentives, more so since in Serbia there are no
market conditions supporting these projects. It would be desirable to take over some mechanisms from
developed EU countries and adjust them in a way to suit the conditions in Serbia.
It is recommended to ensure constructive engagement and support of all sectors related to SRP in order
to facilitate the implementation of projects, and this refers primarily to the sector of spatial and urban
planning, infrastructure, forestry, water management, and environmental protection.
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There is no developed market in Serbia for biomass and biomass-based products and this can have
negative consequences on the development of this sub-sector, since prices for products will not develop
under market principles in the context of supply and demand, but there can be significant distortions if
there are not enough users for produced wood chips. At the same time, if users cannot accept the price
requirements of producers it can happen that this will result in increased exports of wood chips for energy
purposes to more profitable markets, and users in Serbia would not have this energy source. Situations
like this should be prevented from the very beginning and contractual arrangements need to be made
between buyers and sellers.
One of the biggest challenges for SRP owners, researchers, and environmental associations, as well
as decision-makers at all levels and all interested stakeholders is the need to harmonise the necessary
environmental requirements with the maximising of biomass production and profits. In this context,
production in SRP stands somewhere between economy and environment. Biomass production in SRP
systems certainly implies many more environmental benefits for the surrounding agricultural land. In
order to maximise environmental benefits of SRP with respect to achieving the set national and European
environmental targets (directives) it is necessary to introduce certain financial support systems whereby
owners of SRP would be compensated for losses caused by not achieving maximum possible levels of
biomass production resulting from maximising environmental benefits. Also, it is recommended, in order
to increase plant and animal life diversity and structural diversity of SRP, to establish a number of smaller
SRP in one location instead of one big plantations, which can result in losses in biomass yields from that
plantation, as was the case in Sweden. Namely, after evaluating biomass yields from 2,082 commercial
plantations under SRP it was determined that one of the reasons for lower biomass yields from SRP in that
country compared to designed amounts was that the majority of SRP had an area of less than 2 hectares.
Accurate evaluations and calculations related to cost-effectiveness of SRP are very difficult to present, since
this kind of biomass production is under the influence of numerous factors, which vary from one country to
another, or from one area to another within the same country, and even among individual SRP within the
same region. At the same time, prices for wood biomass and biomass-based products depend on prices of
other energy sources, and this can vary even between different areas in Serbia, which makes it difficult to
generalise and make conclusions regarding profitability of SRP systems. Since Serbia does not have much
experience in the overall process of bio-energy production within SRP it can be expected that initial costs
of production per unit of area or unit of product can be somewhat higher in the forthcoming period. As
knowledge and experience with production in SRP accumulates, especially with respect to higher yields
and reduced costs of plantations establishing and cutting, it can be expected that costs per ton of biomass
or per unit of bio-energy (MJ, GJ) will also go down.
Generally speaking it is necessary to consider thoroughly all advantages and disadvantages of establishing
SRP and plan in advance in order to ensure enough possibility and time for potential future incentives,
whichever form they may take. It is recommended to establish some form of educational extension service,
whose staff would assist land owners and owners of recently established SRP to organise and plan individual
activities in the process of establishing SRP or in the overall SRP management, enabling at the same time
realistic cost and revenues estimates and sustainability of SRP management, both from the economic and
from the environmental point of view. It is recommended to apply the agro-forestry management system
and land use system in SRP combining agricultural and forestry technologies of work and use of land in
order to increase productivity, have diversified approaches, increase cost-efficiency, improve environmental
impacts, which generally leads to the conclusion that there is need to implement a sustainable system of
land management generally.
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5. Conclusions
The increasingly growing demand for wood as energy source requires the definition of a sustainable
supply chain for this type of environmentally friendly energy source. In order to reduce pressures on forests
and forestry, and reduce dependence on fossil fuels and increase potentials to mitigate effects of climate
change, energy crops plantations of fast-growing trees (SRP) can play an important role.
The development of SRP for production of energy from renewable sources is a relatively new sector with a
potential for considerable expansion offering at the same time a series of benefits for growers, consumers,
local communities, and the environment. It is for these reasons that this form of biomass production has
been recognised by European countries and has been supported by objectives of national and EU energy
policy.
Biomass production in short rotation energy crops plantations of fast-growing tree species is based on the
“benefits” of exceptionally fast growth and early culminations of wood and biomass increments of trees
used for establishment of plantations which are managed in “short rotations”. The key tree species that
could be considered for establishment of SRP and production of high biomass yields in Serbia are willow,
poplar, and black locust. SRP for local supply chains intended for generation of thermal energy are mostly
based on these three species when managed in recommended rotation intervals of (2)3-4(5) years (willow
and poplar) or (3)5-7 years (black locust).
The first and fundamental requirements influencing the potential farmers to opt for this kind of land use
is whether production within SRP is more profitable than production of conventional agricultural crops.
When profitability is only slightly higher than in conventional agriculture, land owners ”would for a number
of reasons (existing mechanisation, greater knowledge and experience, tradition, easier marketing of
products, uncertainty of ”new things”, etc.“) probably not opt for biomass production in SRP. Thus for future
owners of SRP it is of great importance to have information on how to produce the maximum possible
amount of biomass and achieve the maximum profitability in managing their land.
Probably the key aspect of the overall SRP system, which strongly influences costs and revenues and general
sustainability of this form of biomass and energy production is the possible level of biomass production
in SRP with the most frequently used tree species. Research and specific results in terms of increment and
production in SRP in Serbia are quite modest. There is in total only a number of experimental fields, with
poplar used more often than willow. Black locust is, in terms of biomass production in high density SRP
in short rotations practically a completely “unknown species”, although there is sufficient information on
its growth characteristics. In the case of willows, use should be made of experience and knowledge from
neighbouring counties and regions which border with Serbia. The biggest such area is in the Romanian
part of the Banat region (about 20 km from the border with Serbia), managed by company REBINA, with
about 120 ha under basket willow - Salix viminalis cl. Inger. Their experience suggests that it is possible to
produce up to 60-70 t/raw biomass per year, with intensive management.
For energy crops production to be more widespread and for the market to be functional it is necessary
to meet a number of requirements in terms of creating an adequate legal framework which is to clearly
define the roles of a number of key sectors (energy, agriculture, forestry, and environmental protection).
In order to promote and intensify the process of establishing and efficiently managing SRP it is necessary
to provide adequate financial incentives for initial investments. Once the process of establishment of
SRP begins and starts to develop it is necessary to promote entrepreneurship through services linked to
biomass production from such plantations, which would create new jobs in rural areas and contribute to
reducing depopulation of rural areas. This would additionally open up room for educational and extension
services with the objective to educate new qualified human resources and would be capable of organising
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and implementing some components of complete process of establishing and managing SRP in Serbia.
This would imply education of a whole series of specialised ”workers”, who could assess costs and revenues
and sustainable management of SRP, both from the economic and from environmental perspective, and
who would also be able to handle very sophisticated machines and devices.
At the end of considering the fundamental production-technical-legislative aspects related to management
of SRP it is possible to raise the following question: can this form of biomass production be at the same
time both economically and environmentally viable? Results of numerous research demonstrated that
compared to conventional agriculture SRP has more positive than adverse impacts on water regime in
the land, it improves physical and chemical properties of soil (thanks to reduced application of artificial
fertilisers, it plays a phytoremedial function, and above all it activates the humification process thanks to
forest species in energy crops plantations), and SRP also increases bio-diversity in general. Additionally,
energy crops plantations slow down the erosion processes, be it eolic or other types of erosion. SRP has
demonstrated positive results also in carbon absorption, which is significantly higher than in the case of
agricultural crops.
Considerations from preceding chapters lead to the conclusions that this topic needs more research, which
in no way means that establishment and management of SRP for energy purposes should be neglected
or given up in terms of further development. The essence of using SRP in a broader context is to produce
sustainable production of wood biomass which can significantly contribute to sustainable development of
the Republic of Serbia.
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