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Foreword

The United Nations Development Programme (UNDP), acting as an implementing agency of the Global Environment 
Facility (GEF), is implementing, together with the Ministry of Mining and Energy and the Ministry of Agriculture, Forestry 
and Water Management of the Republic of Serbia, a GEF Project „Reducing Barriers to Accelerate the Development of 
Biomass Markets in Serbia”. 

The objective of the Project is to increase the share of energy from renewable sources in energy mix of Serbia, namely 
the share of biomass in power generation, through enhancing the capacity of all stakeholders to develop, finance, con-
struct and operate bankable biomass energy projects.

The key project activity was providing financial support to the construction of six biogas fired combined heat and power 
plants (CHP). In cooperation with the Ministry of Mining and Energy in 2015, a Public Call was published and the pro-
cedure conducted for award of grants for the construction of such plants. Six projects were selected for construction of 
biogas-fired CHP plants of total installed capacity of 6.35 MW and total investment value of USD 22.6 million. The grants 
approved, for the selected projects, made up a share of up to 15% of the investment value, or maximum USD 275,000 
per individual project, with the investment value of individual projects being not less than USD 1.2 million. Grant con-
tracts of total value USD 1.6 million were signed in November 2015 by the Ministry of Mining and Energy of the Republic 
of Serbia. The new plants contributed to increasing the total installed capacity of biogas CHP plants in Serbia by 130% 
relative to the existing capacity in the baseline year 2015. By February 2018, all plants have been completed and con-
nected to the power grid.

In the course of constructing the CHP plants, numerous problems and challenges were identified and faced by investors, 
since the moment of deciding to initiate the project until the finalization and regular operation of a newly built facility. 
On the supply-side, these barriers include lack of robust market information systems, low awareness of efficient tech-
nologies for biomass extraction and logistics, as well as lack of long-term  certainty and continuity of biomass supply. On 
the demand-side, high up-front costs and high perception of risk make debt financing more difficult for project develop-
ers. Among other things, it has become evident that, when identifying possibilities of initiating projects with most of the 
interested parties in the process, and especially with investors, they lack information on the possibilities of using energy 
crops as sustainable sources of feedstock for such facilities. This statement applies not only to investors in biogas fired 
CHP facilities, but also to investors in other facilities using biomass for energy generation.

In order to present and clarify to market players and particularly to the owners of agricultural holdings or potential in-
vestors the possibility of expanding feedstock supplies, the UNDP has, in cooperation with project partners, developed 
detailed guidelines for the cultivation of perennial energy crops. The first part of the guidelines is intended for policy 
makers in this area and it provides an overview of practical experiences and lessons learned from the commercial cul-
tivation of perennial energy crops in the region with recommendations for a strategy framework in the field of energy 
plantations in Serbia. Problems of growing energy plantations on abandoned or marginal land are specifically covered. 
The second part of the manual is intended primarily for the owners of agricultural holdings and investors. It provides 
practical instructions and recommendations for the selection of perennial energy crops and their cultivation with a 
detailed overview of relevant factors, biological stages of energy crops growth, investment costs, yields, environmental 
impacts, etc.

We hope that these guidelines will encourage owners of agricultural households to launch such projects more easily, and 
that the competent institutions, through their activities, will facilitate the very process of financing or supporting the 
cultivation and growing of perennial energy crops. All this should, ultimately, result in a sustainable increase in supply on 
the biomass market and a more favorable environment for investments in the renewable energy sector. 
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Analysis of practical experiences and lessons 
learned in commercial cultivation of perennial 
energy crops in the region.

Overview of energy crops

Defining energy crops
Energy crops are annual or perennial species, specifically grown to produce some form of energy. Energy may be 
generated through direct combustion or gasification of the crops to create electricity and heat, or by converting them to 
liquid fuels such as ethanol and biodiesel for use in road, marine and aviation transport.

Annual energy crops complete their life cycle - from germination to the production of seed - within one year. Summer 
annuals germinate during spring or early summer and mature by autumn of the same year. Winter annuals germinate 
during the autumn and mature during the spring or summer of the following year. 

Perennial energy crops grow for several years following establishment (up to 15 years for lignocellulosic grasses). 
Advantages of perennial energy crops include the following1,2.

•	 Erosion control: plant materials (stems, crowns, etc.) can remain in place year-round and therefore topsoil erosion 
due to wind and rainfall/irrigation is reduced3.

•	 Water use efficiency: perennials tend to be deeper and more fibrously-rooted than annual, so they can hold into 
onto oil moisture more efficiently, while filtering pollutants travelling to groundwater sources4.

•	 Nutrient cycling efficiency: perennials are more efficient in nutrient uptake due to their extensive root systems5, 
and, therefore, there is reduced need to use fertilizers6, which lowers production costs and reduces nutrient run-off.

•	 Light interception efficiency: Earlier canopy development and longer green leaf duration increase the seasonal light 
interception efficiency of perennials, which is an important factor in plant productivity7.

The selection of annual or perennial crops in a region, or their combination, will set the framework conditions for 
transport, storage and delivery of raw materials to pre-processing and conversion plants. It will also determine the ways 
in which raw material supply can be achieved to allow year-round uninterrupted operation of plant.

1  “Perennial Grain Cropping Research: Why Perennial Grain Crops?”. Perennial Grain Cropping Research: Why Perennial Grain Crops?. The Land Institute. Retrieved 
27th January 2018

2 Wahlquist, Asa.”Perennial crops a win for food security”. Perennial crops a win for food security. The Australian. Retrieved 27th January 2018
3 Rich, Deborah (24 November 2007).”Perennial crops: The garden that keeps giving”.  SFGate.com. Retrieved 27th January 2018
4 Zhou, X. (2010). “Perennial filter strips reduce nitrate levels in soil and shallow groundwater after grassland-to-cropland conversion”. 39  (6). Journal of Environ-

mental Quality: 2006–15. PMID 21284298.
5 “The Perennialization Project: Perennials as a Pathway to Sustainable Agricultural Landscapes in the Upper Midwestern U.S.”. The Perennialization Project: Peren-

nials as a Pathway to Sustainable Agricultural Landscapes in the Upper Midwestern U.S. Iowa State University. Retrieved 27th January 2018
6 Glover, J.”Increased Food and Ecosystem Security via Perennial Grains”. Increased Food and Ecosystem Security via Perennial Grains. ScienceMag. Retrieved 27th 

January 2018
7 Dohleman, F. G.; Long, S. P. “More Productive Than Maize in the Midwest: How Does Miscanthus Do It?”. Plant Physiol. 150: 2104–2115. doi:10.1104/

pp.109.139162

http://www.landinstitute.org/vnews/display.v/ART/2007/03/15/45fac62e11c35
http://www.theaustralian.com.au/higher-education/perennial-crops-a-win-for-food-security/story-e6frgcjx-1225885860575
http://articles.sfgate.com/2007-11-24/home-and-garden/17268607_1_perennial-vegetables-doug-gosling-garden
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/21284298
http://www.nrem.iastate.edu/landscape/projects/perennial/perennial.html
http://www.sciencemag.org/content/328/5986/1638.summary?maxtoshow=&resourcetype=HWCIT&RESULTFORMAT=&FIRSTINDEX=0&searchid=1&hits=10&fulltext=perennial
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1104%2Fpp.109.139162
https://dx.doi.org/10.1104%2Fpp.109.139162
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Drivers for perennial energy crops
Growing energy crops under sustainable practices can be a land use option which may boost farm incomes 

and the rural economy in general8.High yielding perennial grasses and short rotation forest species when grown on a 
commercial scale can produce over 400 GJ ha/yr under good growing conditions, leading to positive input/output energy 
balances for the overall system. 

Figure 1: Drivers for growing energy crops (adapted from Sims et al.)

Correct species selection to meet specific soil and climatic site conditions can result in even higher energy yields9 (Sims 
et al., 1999). Drivers for growing perennial energy crops relate to social, economic and environmental aspects10.

8 Askew MF, Holmes CA (2001) The potential for biomass and energy crops in agriculture in Europe, in land use, policy and rural economy terms. Biomass and 
Energy Crops II, Aspects of Applied Biology, 65, 365–374.

9 Sims REH, Senelwa K, Maiava T et al. (1999) Eucalyptus Species for Biomass Energy in New Zealand – Part I Growth Screening Trials at First Harvest. Biomass and 
Bioenergy, 16, 199–205.

10 Sims REH, Hastings A, Schlamadinger B, Taylor G and Smith P, Energy crops: current status and future prospects. Global Change Biol 12: 2054–2076 (2006).



Republic of Serbia
Ministry of Mining and Energy

13

Perennial energy crops suitable for the Balkan region
Perennial crops, such as poplar (Populus spp.), willow (Salix spp.), miscanthus (Miscanthus spp.), switchgrass 

(Panicum virgatum) and Reed canary grass (Phallarisarundinacea) among others, are woody and herbaceous crops 
suitable for the Balkan region. Giant reed (Arundo donax) can also be considered for areas close to river/lake zones. 

Figure 2: Distribution map of possible biomass energy crops in Europe. The potential cropping areas were deter-
mined according to the crop climatic requirements taking in consideration the bioclimatic zones determined by 

Metzger et al.11 The data source for the elaboration of the present map was taken from Mücheret al.12 The crops are 
listed in order of importance from left to right. (from Zegada-Lizarazu, 2010)

This report will focus on the herbaceous options, i.e. miscanthus, switchgrass, reed canary grass and giant reed. 
Their great production potential lies in their low production costs, suitability to marginal and erosive lands, relative 
low water needs, low nutrient and agrochemical requirements, and positive environmental benefits (e.g. potential for 
carbon storage through their deep and well-developed root system, high water use efficiency)13,14,15.

11 Metzger MJ, Bunce RGH, Jongman RHG, Mücher CA and Watkins JW, A climatic stratification of the environment of Europe. Global Ecol Biogeogr 14:549–563. 
(2005).

12 Mücher CA, Bunce RGH, Jongman RHG, Klijn JA, Koomen A, Metzger MJ et al., Identification and characterisation of environments and landscapes in Europe. 
Alterra Rapport 832, Alterra, Wageningen (2003).

13 McLaughlin SB and Walsh ME, Evaluating environmental consequences of producing herbaceous crops for bioenergy. Biomass Bioenerg 14: 317–324 (1998).
14 Kokalis-Burelle N, Mahaffee WF, Rodrıguez-Kabana R, Kloepper JW and Bowen KL, Effects of switchgrass (Panicum virgatum) rotations with peanut (Arachis hypo-

gaea L.) on nematode populations and soil microfl ora. J Nemat 34:98–105 
15 Heaton E, Voigt T and Long SP, A quantitative review comparing the yields of two candidate C4 perennial biomass crops in relation to nitrogen, temperature and 

water. Biomass Bioenergy 27:21–30 (2004).
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Table 1: Crop agronomic characteristics

Crop

Crop supply chain structure Climatic and ecological profile

Growth type Establish-
ment Harvest Yield (t/

ha)
Soil type/
pH (min- max)

Input 
(fertilizers and 
pesticides)

Frost 
free 
days

Salt tolerance

Poplar
(Populus spp.)
Serb. Topola

Perennial; 
Harvested on 
6–15 years/
(in very short 
rotations/every 
2–3 years) 
(winter)

April Nov/Dec 7-28
Low fertility 
(6.0-8.0) Average 100

High variability 
among poplar 
species

Willow
(Salix spp.)
Serb. Vrba

Perennial; 
Harvested 
on 3–4 years 
rotation/
(winter)

April Nov/Dec 10-30
variety of soils 
(6.5-7.5) Average 90 Moderate

Miscanthus
(Miscanthus x 
giganteus)

Perennial Nov/Jan Nov/Feb 10
variety of soils- well 
drained (4.5-8.0) Average 120 Moderate

Switchgrass
(Panicum 
virgatum)

Perennial May Nov/Jan 8-10
variety- well drained 
(5.0-8.0) Low 120 Moderate

Reed canary grass
(Phallarisarundinacea)

Perennial Nov/Jan Nov/Feb
variety- well drained 
(4.9-8.2) Average 120 Moderate

Giant reed
(Arundo donax)

Perennial Nov/Jan Nov/Feb 10-15 Low fertility Low High

Paulownia
(Paulownia 
tomentosa)

Perennial
April - 
October

Nov/Dec

well drained  
(5-8.9); tolerates 
high soil acidity, 
drought, and low soil 
fertility

Average 80 Moderate

Sorghum
(Sorghum bicolor 
L. Moench )
Serb. Sirak

Annual April/May Sept/Oct 15- 20
well drained  
(5.5-7.5) Average 90 Moderate

Table 1. above provides an overview of the key agronomic characteristics of the crops that are analyzed in this report. 

These can be grouped in two categories. The first includes growth type, establishment time, harvest time and yields and 
relates to the crop supply chain structure. The second one includes soil type, frost free days, salt tolerance and material 
input requirements, characteristics that determine crop selection for a given climatic and ecological profile. 

Crop supply chain structure: 
The selection of annual or perennial crops in a region, or their combination, will set the framework conditions for 
transport, storage and delivery of raw materials to pre-processing and conversion plants. It will also determine the ways 
in which raw material supply can be achieved to allow year-round uninterrupted operation of plant.

Crop yielding capacity prescribes the size of operations within the supply chain and determines the amount of land 
required. Yields are also a critical parameter for the overall system economics and the choice of crops. However, their 
future increase should always consider sustainable practices.
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Climatic and ecological profile: 

Soil type, input requirements, frost and salt tolerance are crop characteristics that link directly to crop adaptability in 
certain ecosystems and ability to produce under marginal conditions. In general, perennial lignocellulosic grasses (e.g. 
miscanthus, switchgrass) and willow have been reported as good candidates for marginal land. Their perennial cropping 
patterns allow farmers to plan carefully and adjust their management techniques in such a way that nutrients can be 
maintained in the soils and their rooting systems can prevent topsoil erosion effects.

Comparative practical knowledge from crop 
establishment and management
Switchgrass and miscanthus are typical C416 warm season perennial grasses, with a wide range of climatic adaptability 
and best fitted to central and southern Europe (Figure 2). However, extremely dry summer periods are a fundamental 
problem for these crops. Switchgrass species (upland and lowland cytotypes) have a much wider range of adaptation than 
miscanthus x giganteus (to our knowledge the only one self-sterile triploid genotype currently available in Europe) 17,18.

Giant reed, a C319 crop, is well adapted to the Mediterranean climates of southern Europe though it requires a lot of 
water. Under optimum water supply conditions in southern Italy, three-year-old giant reed and miscanthus plants used 
1,023 mm of water. It is interesting to note, however, that even though the C3 photosynthetic pathway of giant reed, its 
reported water use efficiency was higher than that of miscanthus, a C4 plant.

The establishment of switchgrass by seeds (about 4–10 kg/ha depending on seed size, dormancy, etc.) is relatively cheap 
and easy in comparison to miscanthus x giganteus and giant reed which are usually propagated by rhizomes or by in vitro 
culture20.

Switchgrass sowing can be carried out in rows or by broadcasting and even under no-till21. Several authors show that 
row distances up to 80 cm produced similar biomass yields as 20 cm row spacings21, 22, 23. Rolling the seedbed before and 
after sowing can also positively increase seed establishment and crop productivity from the second year onwards after 
establishment19,21.

In the case of Miscanthus x giganteus and giant reed, the rhizome cuttings or plantlets should be planted in well-structured 
and recently cultivated soils in spring or after the risk of frost has disappeared. With reference to the propagation of 
giant reed, the most effective method appears to be the use of rhizomes with transplanting between the end of February 
and the middle of March.

16 C4 plant: A plant in which the CO2 is first fixed into a compound containing four carbon atoms before entering the Calvin cycle of photosynthesis. A C4 plant is 
better adapted than a C3 plant in an environment with high daytime temperatures, intense sunlight, drought, or nitrogen or CO2 limitation. https://www.biology-
online.org/dictionary/C4_plant

17 Heaton EA, Clifton-Brown J, Voigt TB, Jones MB and Long SP, Miscanthus for renewable energy generation: European union experience and projections for Illinois. 
Mitigation Adaptation Strategies Global Change 9:433–451 (2004).

18 Lewandowski I, Clifton-Brown JC, Scurlock JMO and Huisman W, Miscanthus: European experience with a novel energy crop. Biomass Bioenerg 19:209–227 
(2000).

19 C3 plant: A plant in which the CO2 is first fixed into a compound containing three carbon atoms before entering the Calvin cycle of photosynthesis. C3 plants must, 
however, be in areas where CO2 concentration is high, temperature and light intensity are moderate, and ground water is abundant. https://www.biology-online.
org/dictionary/C3_plant

20 Angelini LG, Ceccarini L, Nassi o Di Nasso N and Bonari E, Comparison of Arundo donax L. and Miscanthus x giganteus in a long-term field experiment in Central 
Italy: Analysis of productive characteristics and energy balance. Biomass Bioenerg 33:635–643 (2009).

21 Elbersen HW, Christian DG, El Bassam N, Sauerbeck G, Alexopoulou E, Sharma N et al., A management guide for planting and production of switchgrass as a 
biomass crop in Europe. Second World Conference on Biomass for Energy, Industry and Climate Protection, 10-14 May 2004, Rome, Italy, pp 140–142 (2004).

22 Monti A, Venturi P and Elbersen HW, Evaluation of the establishment of lowland and upland switchgrass (Panicum virgatum L.) varieties under different tillage and 
seedbed conditions in northern Italy. Soil Tillage Res. 63:75–83 (2001).

23 Monti A, Pritoni G and Venturi G, Evaluation of productivity of 18 genotypes of switchgrass for energy destination in northern Italy. Proceedings 2nd World Bio-
mass Conference, Rome, 10–14 May, pp 240–243 (2004).

https://www.biology-online.org/dictionary/C4_plant
https://www.biology-online.org/dictionary/C4_plant
https://www.biology-online.org/dictionary/C3_plant
https://www.biology-online.org/dictionary/C3_plant
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However, the use of the less-expensive stem cuttings gives good results as well24. Regardless of the plant propagation 
method, the establishment period is the most critical phase for successful development of these crops. Therefore, 
during this period, proper control of weeds, limited fertilization and, if necessary, supplemental irrigation is usually 
recommended,25. After the crops are fully established, weed control is generally no longer necessary, while fertilization 
and irrigation should be continued depending on the environmental and soil conditions15,26. The high establishment 
costs, however, remain as the major problem for Miscanthus x giganteus and giant reed in terms of energy production. 
Moreover, the low hardiness of Miscanthus x giganteus during the first winter after planting and the selection of the 
appropriate planting density for giant reed are additional factors that determine the energetic viability of these crops23.

Once established, variable yields can be obtained with 0 to 100 kg/ha of N fertilization, depending on the crop, site-
specific soil conditions, water availability, and crop management23, 27, 28, 29. The rhizomatous system of these crops allows 
nutrients to be cycled annually from the canopy to the rhizomes at senescence and vice versa during re-sprouting, thus 
reducing the need for fertilization amendments17,30.

Crops with lower nutrient demands or larger response to fertilization inputs are likely to be more profitable. In a 
comprehensive review of the cultivation practices of switchgrass and Miscanthus x giganteus, it was found that switchgrass 
is better suited to dry environments and shows a stronger response to N fertilization than Miscanthus x giganteus, while 
Miscanthus x giganteus has a greater response to water availability24. In a Mediterranean environment, Cosentino et 
al. 31determined that Miscantus x giganteus response to N fertilization depends on water availability and plant age. In 
turn, giant reed, a drought-tolerant crop like switchgrass, has moderate N fertilization demands (about 40 kg/ha) and 
very high yield potential23. Yields of these crops vary with genotypes, management, environmental conditions, and type 
of soils. In a quantitative literature review across Europe and north America it was found that under average growing 
conditions, yields of switchgrass are usually lower than those of Miscanthus x giganteus24.

Giant reed produced significantly more biomass than Miscanthus x giganteus in Italy32. In southern Europe, where 
temperatures and solar radiation are high, yields of giant reed and Miscanthus x giganteus, averaged over a ten-year 
period, were 37.7 and 28.7 t/ha dry matter (DM), respectively. In field experiments, carried out in three environments in 
Italy (north, central, and south), giant reed exhibited the highest yields and productive stability compared to miscanthus. 
Within the second and third year, the yield in southern Italy varied between 26 and 37 t/ha dry matter with 25% and 75% 
of evapotranspiration restoration, respectively. In central and northern Italy, yields increased going from the first to the 
third year with maximum values of 42 and 51 t/ha dry matter, for the two areas, respectively33. In several experiments 
carried out in Italy, Miscanthus produced high yields as well; in the south, yields of irrigated trials ranged between 11 
and 30 t/ha dry matter, in the center between 14 and 32 t/ha dry matter, and in the north between 14 and 24 t/ha dry 
matter 31. In northern Europe, average yields of Miscanthus are in the range of 12 to 15 t/ha dry matter (DM) and those 
of switchgrass between 9 and 12 t/ha dry matter (DM)34. At these latitudes, the climatic conditions are not favorable for 
giant reed to fully express its high yielding potential.

In Serbia, from the perennial grasses analyzed in this report, miscanthus is the most studied. Several experiments have 
been established during the last ten years. Dzeletovic et al. (2014)35reports that relatively high average yields have been 

24 Copani V, Cosentino S L, Testa G, Guarnaccia P and Litrico A, Propagation of Arundo donax L. by means of rhizomes and stem cuttings in semi-arid Mediterranean 
environment. 17th European Biomass Conference and Exhibition, Hamburg, 29 June– 3 July 2009, pp 595–598 (2009).

25 Lewandowski I, Clifton-Brown JC, Andersson B, Basch G, Christian DG, Jørgensen U et al., Environment and harvest time affects the combustion qualities of Mis-
canthus genotypes. Agron J 95:1274–1280 (2003).

26 Heaton EA, Clifton-Brown J, Voigt TB, Jones MB and Long SP, Miscanthus for renewable energy generation: European union experience and projections for Illinois. 
Mitigation Adaptation Strategies Global Change 9:433–451 (2004).

27 McLaughlin SB and Walsh ME, Evaluating environmental consequences of producing herbaceous crops for bioenergy. Biomass Bioenerg 14: 317–324 (1998).
28 Brejda JJ, Moser LE and Vogel KP, Evaluation of switchgrass rhizosphere microfl ora for enhancing seedling yield and nutrient uptake. Agron J 90: 753–758 (1998).
29 Christian DG, Riche AB and Yates NE, The yield and composition of switchgrass and coastal panic grass grown as a biofuel in Southern England. Bioresource Tech-

nol 83:115–124 (2002).
30 Christian DG, Riche AB and Yates NE, Growth, yield and mineral content of Miscanthus×giganteus grown as a biofuel for 14 successive harvests. Indust Crop Prod 

28:320–327 (2008).
31 Cosentino SL, Patanè C, Sanzone E, Copani V and Foti S, Effects of soil water content and nitrogen supply on the productivity of Miscanthus x giganteus Greef et 

Deu. in a Mediterranean environment. Ind Crop Prod 25:75–88 (2007).
32 Angelini LG, Ceccarini L, Nassi o Di Nasso N and Bonari E, Comparison of Arundo donax L. and Miscanthus x giganteus in a long-term field experiment in Central 

Italy: Analysis of productive characteristics and energy balance. Biomass Bioenerg 33:635–643 (2009).
33 Cosentino SL, Copani V, Patanè C, Mantineo M and D’Agosta GM, Agronomic, energetic and environmental aspects of biomass energy crops suitable for Italian 

environments. Italian J Agron 3:81–95(2008).
34 Elbersen HW, Bakker RR and Elbersen BS, A simple method to estimate practical field yields of biomass grasses in Europe. 14th European Biomass Conference & 

Exhibition: Biomass for Energy, Industry and Climate Protection. Paris, France, (2005).
35 Željko DŽELETOVIĆ, Jelena MAKSIMOVIĆ, Iva ŽIVANOVIĆ. Yield of Miscanthus×giganteus during crop establishment at two locations in Serbia. Journal on Process-

ing and Energy in Agriculture 18 (2014) 2. 1821-4487 (2014) 18; 2; p 62-64.
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obtained on chernozem soils (Serb. Černozem) in the period from the 3rd to 5th year of growing (23.46 t dry matter/ha 
for the harvest performed in February). On the other hand, no more than usual miscanthus yields (15.22 t dry matter/
ha for the harvest performed in February) were obtained on cambisol (Serb. Gajnjače) in the period from the 3rd to 5th 
year of growing. In countries situated at lower latitudes (Greece and Italy), higher yields were obtained due to the longer 
growing season and higher temperatures, while in countries at higher latitudes (Denmark, England, Germany, Ireland 
and the Netherlands) lower yields are due to the shorter growing season36. Based on the same research article, delaying 
the harvest period has the most pronounced effect at locations where there is a high potential of dry biomass yield. In 
the agro-ecological conditions of Serbia, intense and abundant rainfall during autumn and winter can soak a crop, but 
the crop drying process, despite this, transpires during intervals without rainfall37.

Table 2: Key crop management and harvesting characteristics38

Crop Key features Harvest

SRC Poplar (Populus spp.)

•	 C3 trees and shrubs temperate, sub -tropical
•	 Density: 10-12,000 cuttings/ha.
•	 Grown as single stem (and SRC)

•	 Harvesting cycle: 1-4 years
•	 Cut and chips/billets 
•	 Av. butt diameter at harvest (mm): 20- 80
•	 Av. height at harvest (m): 2.5-7. 5
•	 Specialized machinery

SRC Willow (Salix spp.)

Origin: China/Asia

•	 C3 photosynthesis
•	 Planted as cuttings
•	 Density 12.5‐15,000 per ha
•	 Grown in short rotation coppice cycles
•	 First year growth up to 2.5m
•	 By third year, up to 5 m
•	 Harvested in winter
•	 Nutrient requirements are restricted to the amounts 

lost at harvest (60 kg/N)

•	 Harvesting cycle: 1-4 years
•	 Cut and chipped or billets
•	 Av. butt diameter at harvest (mm): 15- 40
•	 Av. height at harvest (m): 3.5- 5
•	 Specialized machinery
•	 Limit to stem thickness
•	 Straight stems
•	 Consistency
•	 Higher water content – drying needed

Miscanthus (Miscanthus 
x giganteus)

Origin: East Asia

•	 C4 photosynthesis
•	 Planted as rhizomes
•	 Density 15‐20,000 per ha
•	 First year growth up to 2 m
•	 By third year up to 4 m
•	 N‐inputs are minimal; by winter most N remains in 

roots, rhizomes and litter
•	 High WUE ‐ but substantial amounts of water are 

required to sustain maximum growth

•	 Mow, bale, or direct chop
•	 Conventional machinery
•	 Harvest window important:
•	 Yield losses occur whilst biomass dries on the stem
•	 Harvesting too early could limit remobilized nutrients and 

reduce the combustion quality of the biomass

Switchgrass (Panicum 
virgatum)

Origin: N. America

•	 C4 grass 
•	 Planted as seed
•	 Density 9-12 kg seed/ha
•	 Growth up to 3 m (in US)
•	 Harvested annually in spring
•	 Different ecotypes

•	 Mow, bale, or direct chop
•	 Conventional machinery
•	 Harvest window important:
•	 Yield losses occur whilst biomass dries on the stem
•	 Harvesting too early could limit remobilized nutrients and 

reduce the combustion quality of the biomass

36 Miguez, F.E., Villamil, M.B., Long, S.P., Bollero, G.A. (2008). Meta-analysis of the effects of management factors on Miscanthus×giganteus growth and biomass 
production. Agricultural and Forest Meteorology, 148 (8-9), 1280–1292.

37 Živanović, I., Dželetović, Ž., Lazić, M., Lazić, G. (2013). Autumn and winter losses of Miscanthus × giganteus biomass yield due to delaying of harvest. In: 3rd Inter-
national conference sustainable postharvest and food technologies - INOPTEP 2013 and 25th National Conference Processing and Energy in Agriculture – PTEP 
2013, Proceeding (April 21st – 26th, 2013, Vrnjačka Banja, Serbia). National Society of Processing and Energy in Agriculture (Ed.), Novi Sad, Serbia, 366-367.

38 Panoutsou, C. 2010. Supply of solid biofuels: potential feedstocks, cost and sustainability issues in EU27. In: “Solid Biofuels for Energy: A Lower Greenhouse Gas 
Alternative”, ed. Springer 2010, ISBN 978-1-84996-392-3, 258 pp..
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Reed canary grass 
(Phallarisarundinacea)

Origin: Europe, Asia,
N. America

•	 Planted as seed
•	 Density 15-20 kg seed/ha
•	 Growth up to 3m
•	 Harvested annually in spring
•	 Different ecotypes
•	 Requires nitrogen

•	 Mow, bale, or direct chop
•	 Conventional machinery 
•	 Harvest window important
•	 Yield losses occur whilst biomass dries on the stem
•	 Harvesting too early could limit remobilized nutrients and 

reduce the combustion quality of the biomass

Paulownia (Paulownia 
tomentosa)
Origin: China/Asia

•	 Planted as cuttings
•	 Density: up to 400 plants per ha depending on 

required stem thickness
•	 substantial amounts of water are required to sustain 

maximum growth

•	 Harvesting cycle: 3-4 years
•	 Cut and chips/billets 
•	 Av. butt diameter at harvest (mm): 30- 80
•	 Av. height at harvest (m): 2.5-7. 5
•	 Specialized machinery

Ghum
(Sorghum bicolor L. Moench)

•	 Planted as seed
•	 Density 10-15 kg seed/ha
•	 Growth up to 3m
•	 Harvested annually in autumn
•	 Requires nitrogen

•	 Mow, bale, or direct chop
•	 Conventional machinery 

Potential for yield improvements
Although improved, crop management practices could lead to increased yields and reduced undesirable moisture, ash, 
and mineral contents, the most important management practice reported to improve yield quality of miscanthus and 
switchgrass, in terms of energy content, is delayed harvest39, 40, 41. This is especially the case if crops have time to senesce 
as shown for switchgrass42. 

When the crops are harvested after senescence (fall to spring), most of the nutrients have been already translocated to 
the rhizomes, with the concomitant improvement in feed stock quality and soil fertility, but with a loss of dry matter. For 
example, with delayed harvest, moisture and mineral contents decrease significantly in Miscanthus x giganteus, but at 
the same time a reduction of about 30% to 50% in dry matter occurs due to loss of leaves and tops. Rain and snow during 
fall and winter play an important role in nutrient leaching and losses of dry matter. 

In the case of giant reed, delayed harvest did not improve the combustion quality of the biomass. It was demonstrated, 
in central Italy, that by delaying its harvest from fall to winter, the ash and silicon contents increase43. Thus, in contrast to 
Miscanthus x giganteus and switchgrass, fall harvest would be a good practice to improve the biomass quality of giant 
reed.

The reductions in dry biomass production with delayed harvest are not only related to losses of crop biomass through crop 
senescence (e.g. leaves), but also to limitations in the available harvesting equipment. When switchgrass is harvested 
after killing frost and snowy winters, for example, standard harvesters leave large amounts of residues in the field due to 
difficulties with cutting, if the plants are lodged and/or difficulties in picking up the cut biomass by conventional balers. 
Monti et al. estimate that the yield losses, due to uncut and not-picked-up biomass, ranged between 17and 29%44. The 
development of lodging-resistant cultivars, through plant genomics and breeding, could reduce the harvest problems of 
switchgrass. In contrast, when Miscanthus x giganteus and giant reed are harvested with standard mowers and baling 
equipment, plant height and stem stiffness pose problems for existing equipment. 

Therefore, in each case, specific adjustments are necessary to improve the harvesting process and harvestable yield. The 
selection of the most appropriate species with the highest biomass production potential seems to be one of the most 

39 Sanderson MA and Adler PR, Perennial forages as second generation bioenergy crops. Int J Mol Sci 9:768–788 (2008).
40 Vogel KP, Brejda JJ, Walters DT and Buxton DR, Switchgrass Biomass Production in the Midwest USA: Harvest and Nitrogen Management. Agron J 94:413–420 

(2002).
41 Adler PR, Sanderson MA, Boateng AA, Weimer PJ and Jung HJG, Biomass yield and biofuel quality of switchgrass harvested in fall or spring. Agron J 98:1518–1525 

(2006).
42 Elbersen HW, Christian DG, El-Bassem N, Bacher W, Sauerbeck G, Alexopoulou E et al., Switchgrass variety choice in Europe. Aspects Appl Biol 65:21–28 (2001).
43 Nassi o Di Nasso N, Angelici LG and Bonari E, Infl uence of fertilisation and harvest time on fuel quality of giant reed (Arundo donax L.) in central Italy. Eur J Agron 

32:219–227 (2010).
44 Monti A, Fazio S and Venturi G, The discrepancy between plot and field yields: Harvest and storage losses of switchgrass. Biomass Bioenerg 33: 841–847 (2009).
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important factors for the successful implementation of future energy crop systems with perennial grasses. Moreover, 
since most of these crops are largely undomesticated and are at their early stages of development and management, 
the identification of proper cultivars and agronomic management practices will significantly improve their productivity.

Environmental impacts from deployment of 
perennial energy crops
Bioenergy cropping is characterized by a complex set of environmental impacts, including direct and indirect effects. 
The main direct impacts relate to soil, water, air, biodiversity and landscape, as summarized in Table 3. Land use change 
impacts are also important and can be direct and indirect. They are also highly dependent on management practices, 
cropping systems, and previous land use state. This section outlines the environmental impacts from energy cropping 
with focus on SRC and perennial energy crops and highlights some interesting research outputs for land use changes in 
terms of GHG balances. Following, it addresses the use of marginal lands for perennial energy crops. Finally, it provides 
a framework for future energy crop prioritization based on recent work from the European Environment Agency. Most 
critical environmental issues for cropped biomass include45, 46: a) land use change effects and related direct and indirect 
GHG emissions, b) direct, and indirect land use change (LUC&iLUC) and related biodiversity effects, c) effects on water 
quality and quantity and d) soil quality effects (soil organic carbon, soil erosion, nutrients).

Table 3: Potential environmental impacts of SRC/perennial energy crops and  
recommendations to reduce them along with maximizing the environmental and  

economic benefits of biomass crops47 (continues in next page)

Environmental issue Small- scale plantations on 
intensive farming48 systems

Large- scale plantations 
on intensive farming 
systems

Small- scale plantations 
in extensive49 farming 
systems

Large- scale plantations in 
extensive farming systems

Air quality Positive Generally positive Positive Generally positive

•	 Production of SRC or miscanthus of former grassland or arable land would enhance the GHG benefits from fossil fuel substitution for 
these crops by between 8% and 20%50.

•	 The nitrous oxide emissions from perennial energy grasses are likely to be significantly smaller than annual crops51. Nevertheless, 
this remains a factor to be watched in case standard SRC/PEG cropping practices develop in directions of higher nitrogen 
applications. 

Soil condition Positive Positive
Positive (not replacing 
permanent grassland)

Positive (not replacing permanent 
grassland)

•	 Locate plantations in areas with low soil organic carbon and nitrogen levels
•	 Use SRC/PEG as riparian buffer strips to reduce sediment and nitrate loading of waterways
•	 Use waste water and sludge’s for fertilization
•	 Ensure that management practices are designed to address site- specific growth limitations to the crop so as to ensure successful 

establishment and maximum growth rate

45 EEA (2014). EU Bioenergy potential from a resource efficiency perspective. EEA report  no.6/2013.
46 ETC/SIA (2013). Review of the EU bioenergy potential from a resource efficiency perspective. Background report to EEA study. Alterra, Wageningen. European 

Commission. 
47 C. Panoutsou and R. Slade. 2009. Biofuels in the UK: a case study of current and emerging feedstocks. In Journal of Biobased Materials and Bioenergy.  
48 Intensive farming: System of cultivation using large amounts of labour and  capital relative to land area. Large amounts of labour and capital are necessary for the 

application of fertilizer, insecticides, fungicides, and herbicides to growing crops, and capital is particularly important to the acquisition and maintenance of high-
efficiency machinery for planting, cultivating, and harvesting, as well as irrigation equipment where  required.

49 Extensive farming: System of crop cultivation using small amounts of labour and capital in relation to area of land being farmed. The crop yield in extensive agricul-
ture depends primarily on the natural fertility of the soil, terrain, climate, and the availability of water.

50 Smith St Clair S, Hillier J, Smith P. Estimating the pre-harvest greenhouse gas costs of energy crop production. Biomass and Bioenergy (2007), doi:10.1016/j.biom-
bioe.2007.11.001

51 JRC, Short Rotation Forestry, Short Rotation Coppice and perennial grasses in the European Union: Agro- environmental aspects, present use and perspectives. 2008.
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Water quality Positive Generally positive
Mostly positive (if it does not 
replace permanent grassland)

Mostly positive (if it does not 
replace permanent grassland)

Water quantity
Small risk of lowering water 
tables and ground water 
recharge

Considerable risk of 
lowering water tables and 
ground water recharge

Small risk of lowering water 
tables and ground water 
recharge

Considerable risk of lowering water 
tables and ground water recharge

•	 Plant SRC only where annual rainfall is greater than 300mm, and preferable at least 550 mm52

•	 PEGs should be used in dry areas in preference to SRC
•	 PEGs may be used to reduce risk of local flooding due to drying of soil profile

Environmental issue
Small- scale plantations on 
intensive farming53  systems

Large- scale plantations 
on intensive farming 
systems

Small- scale plantations in 
extensive54 farming systems

Large- scale plantations in 
extensive farming systems

Biodiversity Mostly positive Can be positive to negative Neutral to negative Most likely negative

•	 Avoid sites with high wildlife value55, 56, 57

•	 Use a mix of varieties
•	 Limit use of herbicides
•	 Maintain a low level of disturbance on headlands and rides to provide habitat suitable for declining arable weed

Landscapes Mostly positive
More negative than 
positive

Neutral to slightly negative Generally negative

•	 Leaving strips unplanted within energy crop plantations or spacing trees and energy grasses more widely, allows other vegetation 
to co- exist

•	 Avoid sites that have particularly important visual impacts, e.g. sites that block specific vistas or impact on traditional landscape 
character

All these effects are determined by the combination of land type and soil chosen, the type of crop used and related 
yielding capacity and the management applied. The effects on biodiversity are determined both by direct uses of land 
and indirectly by the effects of the cropping activity on the overall environmental quality (soil, water, air).  Table 3 above 
provides an outlook of the impacts per key environmental issue and plantation scale.

Land use is considered the most critical environmental impact at the moment. Therefore, intense research and 
demonstration focuses on the exploitation of abandoned and marginal land types for energy crops.
Small- scale plantations on intensive farming48

Small- scale plantations in extensive249

Production of SRC or miscanthus of former grassland or arable land would enhance the GHG benefits from fossil fuel substitution for these crops by between 8% and 20%350

The nitrous oxide emissions from perennial energy grasses are likely to be significantly smaller than annual crops51.
Plant SRC only where annual rainfall is greater than 300mm, and preferable at least 550 mm552

Small- scale plantations on intensive farming53

Small- scale plantations in extensive754

Avoid sites with high wildlife value55, 56, 1057

48 Intensive farming: System of cultivation using large amounts of labour and  capital relative to land area. Large amounts of labour and capital are necessary for the 
application of fertilizer, insecticides, fungicides, and herbicides to growing crops, and capital is particularly important to the acquisition and maintenance of high-
efficiency machinery for planting, cultivating, and harvesting, as well as irrigation equipment where  required.

49 Extensive farming: System of crop cultivation using small amounts of labour and capital in relation to area of land being farmed. The crop yield in extensive agri-
culture depends primarily on the natural fertility of the soil, terrain, climate, and the availability of water.

50 Smith St Clair S, Hillier J, Smith P. Estimating the pre-harvest greenhouse gas costs of energy crop production. Biomass and Bioenergy (2007), doi:10.1016/j.biom-
bioe.2007.11.001

51 JRC, Short Rotation Forestry, Short Rotation Coppice and perennial grasses in the European Union: Agro- environmental aspects, present use and perspectives. 
2008.

52 Hall RL (a). Short rotation coppice for energy production hydrological guidelines. URN 03/883. DTI; 2003.
53 Intensive farming: System of cultivation using large amounts of labour and  capital relative to land area. Large amounts of labour and capital are necessary for the 

application of fertilizer, insecticides, fungicides, and herbicides to growing crops, and capital is particularly important to the acquisition and maintenance of high-
efficiency machinery for planting, cultivating, and harvesting, as well as irrigation equipment where  required.

54 Intensive farming: System of cultivation using large amounts of labour and  capital relative to land area. Large amounts of labour and capital are necessary for the 
application of fertilizer, insecticides, fungicides, and herbicides to growing crops, and capital is particularly important to the acquisition and maintenance of high-
efficiency machinery for planting, cultivating, and harvesting, as well as irrigation equipment where  required.

55 Coates A, Say A. Ecological assessment of short rotation coppice: report and appendices.  B/W5/00216/REP/1-3. DTI; 1999.
56 Sage RB, Roberston PA, Poulson JG. Enhancing the conservation value of short rotation biomass coppice—Phase 1 the identification of wildlife conservation poten-

tial. ETSU /W5/00277/REP. DTI; 1994.
57 Sage RB, Tucker K. Integrated crop management of SRC plantation to maximise crop value, wildlife benefits and other added value opportunities. ETSU B/

W2/00400/REP. DTI; 1998.
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Market structure, setting prices and barriers
Perennial energy crops are suitable for heat and electricity (CHP) applications. However, their composition makes them 
favorable candidates also for a range of markets beyond energy as well. Therefore, it is likely that energy cropping 
systems of the future will have primary and secondary uses, propelling bioenergy systems into mainstream markets for 
biobased products such as materials and pharmaceuticals that may help to improve their financial viability58.

Their respective energy market for heat and electricity is developed in several countries like Germany, UK, Finland, etc. 
Figure 4 provides an overview of the value chain structure and the key parameters influencing planning and design.

Figure 3: Value chain steps for perennial energy crops supply to heat and electricity plants

58 Perlack RD, Wright LL, Turhollow AF et al. (2005) Biomass asfeedstock for and biomass and bioproducts industry: the technical feasibility of a 1 billion ton annual 
feedstock supply. Department of Energy Report, USA. http://feedstock review.ornl.gov./pdf/ billion_ton_vision.pdf.
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Market structure
The perennial energy crop market is composed by specific characteristics which need to be carefully considered during 
the planning phase. Figure 5 presents an overview of the market for perennial energy crop value chains.

Firstly, such crops will occupy land for ten to fifteen years, therefore appropriate consideration must be given to contractual 
agreements for land tenancy. Moreover, soil, climate and other spatially variable factors mean that crop selection varies 
by location. It is desirable to undertake analyses at a fine spatial resolution to capture these influences59,60 and select 
appropriate crops. Farmers will receive grants and ensure that the appropriate establishment and management practices 
take place.

Figure 4: Overview of key considerations in the perennial energy crop market.

Transportation costs for energy crops are quite high, due to their relatively low energy density61. Therefore, storage sites 
in the form of biomass depots/trade centers should be designed carefully to march the demand sites.

Market prices for biomass must be set according to the national fuel and energy pricing system and ensure that both 
farmers and investors can meet their margins and have an acceptable level of profit.

Finally, power plant investment is required to construct and operate facilities that use energy crops for electricity, heat 
and or heat and power in the form of CHP. Each biomass plant must be located appropriately to ensure demand for their 
outputs is met and there is sufficient supply available at an economic price, for their operational life. Proximity of plants 
to available feedstock is a critical factor in the efficient utilization of the resource, and often dictates the technology and 
size of the proposed project62,63.

59 Dunnett AJ, Adjiman CS, Shah N. 2008 A spatially explicit whole-system model of the lignocellulosic bioethanol supply chain: an assessment of decentralized 
processing potential. Biotechnol. Biofuels 1, 13. (doi:10.1186/1754-6834-1-13)

60 Chen Y, Li X, Liu X, Liu Y. 2010 An agentbased model for optimal land allocation (AgentLA) with a contiguity constraint. Int. J. Geogr. Inf. Sci. 24, 1269–1288. 
(doi:10.1080/13658810903401024)

61 Borjesson P, Gustavsson L. 1996 Regional production and utilization of biomass in Sweden. Energy 21, 747–764. (doi:10.1016/0360-5442(96)00029-1)
62 Hellmann F, Verburg PH. 2011 Spatially explicit modelling of biofuel crops in Europe. Biomass Bioener. 35, 2411–2424. (doi:10.1016/j.biombioe. 2008.09.003)
63 Mott MacDonald. 2011 Costs of low-carbon generation technologies. Committee on Climate Change, London, UK.
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Key considerations for setting a biomass price range
In the process of setting a suitable price range for the perennial energy crop market, it is important to consider factors 
which reflect the availability of sustainable biomass in Serbia, and whether the risk to supply posed by these factors 
could be affected by the market price of biomass:

Sustainability: Sustainability requirements should be carefully set and adopted in national legislation, building on those 
in the Renewable Energy Directive. This will ensure that only appropriate land categories are used for the cultivation 
of perennial energy crops while the greenhouse gas (GHG) criteria will hinder transport of perennial energy crops from 
very long distances. 

Energy security: Incentivizing the development of domestic biomass resources and domestic biomass supply chains, 
could help to ensure some diversity of supply, which should help to provide a more stable supply and price for biomass. 
On the contrary, a reliance on imported biomass would expose the country to fluctuations in biomass supply and 
international biomass prices, as well as fluctuations in foreign exchange rates. Domestic biomass supply could be 
particularly important in the longer term, if, as seems possible, international demand rises and the market tightens, 
leading to a more constrained supply and potentially higher prices for imported biomass. 

Infrastructure: Increased use of domestic biomass is likely to require development of storage and distribution logistics. 
Investment to develop such facilities is likely to require the market to consider that the future price of biomass will be 
sufficient to give a return on such investments. Therefore, the suggested price should be sufficient to incentivize these 
investments and reduce the risk that supply of biomass is limited by lack of appropriate infrastructure.

Barriers
Despite the obvious benefits from the utilization of perennial energy crops for heat and electricity, there are certain 
barriers both for land and material inputs required for market development and long-term operation. These are shortly 
described below:

Land: The establishment of perennial energy crops on farming land could create competition with food and feed 
resulting to undesirable land use changes. On the other hand, establishing such crops on marginal and degraded land 
requires carefully planning and maintenance activities, since the low productivity may cause high demand in fertilizers 
and chemicals to improve crop and value chain profitability.

Markets: The market for perennial energy crops is still at developing stage. There is low commercial and industrial activity, 
and this could present difficulties in the supply of components. Attention should be paid to designing its structure and 
relevant pricing regimes in a way that facilitates transparent, smooth operation and complementarity with the current 
biomass markets.
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Understanding potential for energy crops in 
abandoned and marginal64 land types
Perennial energy crops have been reported as good options for several abandoned and marginal land types. Due to their 
perennial nature, deep rooting systems and tolerance in low input agricultural systems, they can provide good yields 
even in land with poor soil conditions. For assessing the potential for energy crops in marginal land, the starting point is 
land availability, land marginality factors, soil quality and infrastructure available for agricultural practices. 

The following land types have so far been considered as good options for the cultivation of energy crops with minimal 
land use change implications.

Abandoned65: 

abandonment of agricultural land describes a complex process of reduced farming activity over a continuum ranging 
from land that is temporarily unused (overlapping here with fallow or former compulsory set-aside) to land that is 
entirely abandoned for production, and management is withdrawn completely. Three distinct categories are identified 
by Keenleyside and Tucker (2010)66:

•	 Transitional abandonment has been observed particularly in Central and Eastern Europe because of restructuring 
and land reforms, and in other Member States because of compulsory set-aside, until this was abolished in 2008, 
or because of land use change. Transitional abandonment can be seen also in areas that are economically marginal 
in production terms. These areas can move in and out of agricultural use depending on market prices for certain 
commodities.

•	 Semi-abandonment or hidden abandonment: Where the land is used by the farmer but with a very low level of 
management. The land is not formally abandoned and is subject to some form of management, which might be 
simply to keep it available for future use, for example for recreation and tourism. Such land may also be subject to 
the minimum management necessary to meet cross-compliance requirements by those claiming direct payments 
under the CAP. Very extensive or intermittent farming operations may also fall into this category, not least on semi-
subsistence farms and in dry and more mountainous areas, including those characterised as High Nature Value 
(HNV) farming. Such extensive farming is generally associated with very low or zero direct economic returns, but 
may be continued for personal or social reasons, to support other farm income streams, for example from hunting 
and tourism, or for nature and landscape conservation (or simply to maintain a long-term family investment).

•	 Actual abandonment: Where the farmland is not used at all. The vegetation may change through natural succession 
into tall herb, bush and forest ecosystems after a period, depending on climatic and soil conditions. On rich and wet 
soils the outcome is likely to be forest ecosystems but, in contrast, on poor dry soils in southeast Europe, it can be 
‘steppe-like’ grassland vegetation that is able to survive for many years without any active management such as 
mowing or grazing.

There are various causes of actual farmland abandonment in Europe including: geographic, ecological and agronomic 
factors; demographic and socio-economic drivers; the impact of policy; institutional factors; and, historic circumstances, 
especially in new Member States. These influences differ between European regions. Farmland abandonment often 

64 According to FAO, marginal land is land having limitations which in aggregate are severe for sustained application of a given use. These limitations can be of either 
biophysical or socio-economic nature. I) biophysical: Soil constraints (low fertility, poor drainage, shallowness, salinity), steepness of terrain, unfavorable climatic 
conditions; ii) socio- economic: the level of yields depends not only on favourable biophysical conditions, but on accessibility to inputs, market and credit facilities, 
and beneficial output/input ratios. http://www.fao.org/wairdocs/tac/x5784e/x5784e05.htm

65  IEEP. Allen et al., 2014. Space for energy crops – assessing the potential contribution to Europe’s energy future 
66 Keenleyside, C and Tucker, G M (2010) Farmland Abandonment in the EU: an Assessment of Trends and Prospects. Report for WWF. Institute for European Envi-

ronmental Policy, London.

http://www.fao.org/wairdocs/tac/x5784e/x5784e05.htm
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results from a combination of these factors, with one predominating over the others67, 68, 69, 70. The category of most 
relevance to this study is the abandonment of agricultural land that leads to the encroachment of semi-natural 
vegetation. This is different from planned changes in land use, for example for urbanisation or the establishment of 
forestry which generally makes the land unsuitable for energy crops.

Land that must be reclaimed after closure of open mines: 
Open lignite mines which must restore the unused land after the closure of mining operations in order to improve soil 
quality and make the land appropriate for trees or crops cultivation. 

Seven countries in Europe (Bulgaria, Germany, Greece, Poland, Romania, Serbia and Ukraine) have such land types and 
the total land area that must be reclaimed after the closure of open mines operation amounts to almost 239,000ha. 
Specifically:

• 19,359 ha in Bulgaria71, 

• 47,500 ha in Germany72,73

• 17,500 ha in Greece74,

• 18,232 ha in Poland75, 

• 15,285 ha in Serbia,

• 21,100 ha in Romania76, and

• 100,000 ha in Ukraine

Mining in such areas has caused several farming problems such as burial of farming land, instability of slopes, soil 
erosion, modification of morphology and hydrology. Soils after the mining operation closure consist of clay sand, mixed 
formations of sand and gravels, sediments, marls, alluvial, peat, red so, after the end of mine operations, specific 
activities are taking place to improve the soil quality and make the land appropriate for cultivation. Table 4 presents the 
relevant sites in Serbia.

Table 4: Mining sites for land reclamation in Serbia

Mining site
Total area of 
open lignite 
mines (ha) 

Reclaimed 
land (ha)

Land to be 
reclaimed (ha) 

Data 
year Data source

Kolubara 13,400.00 915.5 12,484.50 2014

http://www.doiserbia.nb.rs/img/doi/0354-9836/2010%20OnLine-
First/0354-98361000002R.pdf

http://www.eps.rs/Eng/Documents/IEA%20PK%20Tamnava%20
West%20Field.pdf

http://www.mdpi.com/2071-1050/7/9/11857

67 Alcantara C, Kuemmerle T, Baumann M, Bragina E V, Griffiths P, Hostert P, Knorn J, Müller D, Prishchepov A V, Schierhorn F, Sieber A and Radeloff V C (2012) Map-
ping the extent of abandoned farmland in Central and Eastern Europe using MODIS time series satellite data. Environmental Research Letters 8(3)

68 Terres, J, Nisini, L and Anguiano, E (2013) Assessing the risk of farmland abandonment in the EU. Final Report, EUR 25783 EN, Joint Research Centre, Italy.
69 Pointereau, P, Coulon, F, Girard, P, Lambotte, M, Stuczynski, T, Sánchez Ortega, V and Del Rio, A (2008) Analysis of farmland abandonment and the extent and loca-

tion of agricultural areas that are actually abandoned or are in risk to be abandoned. JRC Scientific and Technical Reports, EUR 23411 EN, Joint Research Centre, 
Italy.

70 Moravec, J and Zemekis, R (2007) Cross compliance and land abandonment. Deliverable D17 of the Cross-Compliance Network Project, SSPE-CT-2005-022727, 
Warsaw University of Life Sciences, Warsaw, Poland.

71 http://marica-iztok.com/cms/user/files/finansi/2011gmmi.pdf
72 https://corporate.vattenfall.com/globalassets/corporate/sustainability/doc/lignite-booklet.pdf
73 http://www.europe-solidaire.org/spip.php?article36852
74 http://www.lignite.gr/
75 http://www.degruyter.com/dg/viewarticle.fullcontentlink:pdfeventlink/$002fj$002fceer.2014.12.issue-1$002fceer-2014-0006$002fceer-2014-0006.

pdf?t:ac=j$002fceer.2014.12.issue-1$002fceer-2014-0006$002fceer-2014-0006.xml
76 http://www.mdpi.com/2071-1050/7/9/11857

http://www.doiserbia.nb.rs/img/doi/0354-9836/2010 OnLine-First/0354-98361000002R.pdf
http://www.doiserbia.nb.rs/img/doi/0354-9836/2010 OnLine-First/0354-98361000002R.pdf
http://www.eps.rs/Eng/Documents/IEA PK Tamnava West Field.pdf
http://www.eps.rs/Eng/Documents/IEA PK Tamnava West Field.pdf
http://www.mdpi.com/2071-1050/7/9/11857
http://marica-iztok.com/cms/user/files/finansi/2011gmmi.pdf
https://corporate.vattenfall.com/globalassets/corporate/sustainability/doc/lignite-booklet.pdf
http://www.europe-solidaire.org/spip.php?article36852
http://www.lignite.gr/
http://www.degruyter.com/dg/viewarticle.fullcontentlink:pdfeventlink/$002fj$002fceer.2014.12.issue-1$002fceer-2014-0006$002fceer-2014-0006.pdf?t:ac=j$002fceer.2014.12.issue-1$002fceer-2014-0006$002fceer-2014-0006.xml
http://www.degruyter.com/dg/viewarticle.fullcontentlink:pdfeventlink/$002fj$002fceer.2014.12.issue-1$002fceer-2014-0006$002fceer-2014-0006.pdf?t:ac=j$002fceer.2014.12.issue-1$002fceer-2014-0006$002fceer-2014-0006.xml
http://www.mdpi.com/2071-1050/7/9/11857


Republic of Serbia
Ministry of Mining and Energy

26

Kostolac 2,100.00 500 1,600.00 2014 http://www.mdpi.com/2071-1050/7/9/11857

Dubravica   1,200.00 2014 http://www.mdpi.com/2071-1050/7/9/11857

Waste landfills in post-closure management: 
Safe waste disposal is one of the major environmental issues our society faces today, and landfills provide the most 
economical and simple means of disposing waste globally. There are around 350,000 landfill sites covering several 
hundred thousand hectares across whole Europe, with more than 5,000 ha only in Italy. The proposals for the revision 
of Directive 2008/98/EC, drafting the new circular economy strategy, link on the full implementation of the waste 
management hierarchy mode in all Member States: decreasing the production of waste, ensuring high quality recycling, 
using recycled waste as an important and reliable source of raw and finally no more landfills. In 2012, more than 34% 
of municipal waste was disposed of in landfills with strong differences between the countries of northern Europe (0.5% 
in Germany) and Eastern Europe (99% in Romania), while in Italy landfill disposal accounts still for 52% of total urban 
waste with a sharp decrease in recent years. The proposed amendments to Directive 1999/31/EC77 on the landfill of 
waste provide for the gradual limitation to 10% by 2030 landfilling of municipal waste. Although the potential EU landfill 
area available for biomass production is relatively less, compared to other marginal and degraded lands, landfill sites are 
always readily accessible, thereby providing an attractive option for biomass production as well as of relevant social and 
environmental benefits. Post-mortem landfills are often managed by positioning constructed capping structure on the 
top, recently the use of phytocap (e.g., revegetation of the soil above the capping system) appears as the most convenient 
strategy to mitigate the environmental impacts of landfills resulting from leachate generation and GHG emissions. Post-
mortem landfills are no longer active landfills that stopped receiving waste and must be cleaned up, closed, monitored, 
and maintained in accordance with the local regulation (e.g. in Italy, post-mortem period is minimum thirty years). A 
typical post-mortem landfill is covered by a poorly structured artificial soil layer of 0.5-1 m depth, generally derived from 
mine top cover. Post-mortem landfills can be a strategic land resource for non-food industrial crops as they cannot be 
used for food crops. The possible cultivation of biomass crops in these sites will guarantee both economic profitability 
and environmental advantages together with the avoidance of indirect land use change (iLUC) effects derived from the 
displacement of agricultural food productions. There is evidence that perennial biomass herbaceous and woody crops 
can be successfully grown in post-mortem landfills; thirty hectares are currently cultivated with miscanthus in a post-
mortem landfill in UK with satisfactory results in term of both environmental restoration and biomass productivity.

Perennial grasses appear more suitable to landfill green rehabilitation when compared to Short Rotation Coppice (SRC) 
or woody species since they are easier, quicker and more economic to establish, ensuring annual biomass production 
after the first season. Reed canary grass has been identified as the winner species for this kind of use in the UK78, but 
further research and demonstration is required in Serbia to identify suitable candidates for post-mortem landfills.

77 Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste. http://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:31999L0031&from=en
78 R.A. Lord. 2015. Reed canarygrass (Phalaris arundinacea) outperforms Miscanthus or willow on marginal soils, brownfield and non-agricultural sites for local, 

sustainable energy crop production. In Biomass and Bioenergy. Volume 78, July 2015, Pages 110–125. https://doi.org/10.1016/j.biombioe.2015.04.015

http://www.mdpi.com/2071-1050/7/9/11857
http://www.mdpi.com/2071-1050/7/9/11857
file:///C:\Users\popip\Dropbox\moi\2017\rs\Deliverable 1\Volume 78
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Table 5 below provides a SWOT analysis for perennial grasses, addressing specific impacts to both conventional farming 
and marginal land production systems.

Table 5: SWOT analysis for for perennial grasses in conventional farming and marginal lands 
(adapted from OPTIMA project)

Benefits might arise from the establishment of perennial grasses in a local agricultural system by diversification of activities, provision on new crop opportunities1179

Favorable Unfavorable

In
te

rn
al

Strengths Weaknesses

For both systems
Benefits might arise from the establishment of perennial grasses in a local agricultural system 
by diversification of activities, provision on new crop opportunities79, etc.
Perennial crop plantations can be designed to minimize negative impacts on water use.
Higher lignin and cellulose contents in perennial grasses allow the crop to stand upright at 
scarcity of water.
High water use efficiency due to deep and well-developed root system.
Due to their dense root system perennials can i) easily immobilize nutrients thus increasing 
the nutrient use efficiency, ii) be used as buffer strips, iii) exploit wastewater sources, iv) 
reduce erosion risks, v) minimize water runoff and vi) increase soil cover.
Long-term presence in the field maintains soil structure and improves soil organic content.
Public perception is better for large scale biorefinery applications fueled with perennial crops 
(e.g. 2G ethanol, etc.) than heat and CHP.

Conventional farming
Provide good yielding capacity and minimizes the demand for land use.

Marginal land
No direct competition with food/feed as land is mostly marginal and not currently in 
production.

For both systems
Not fully established logistic and processes (varieties, cultivation, 
harvest, storage, quality control).
Aquifer refilling slows down, due to deeper roots and high-water 
needs.

Conventional farming
Exploits good land.
Irrigation is required to achieve good yields and maintain 
productivity.
Direct competition with food and feed.

Marginal land
Low yielding capacity in low input systems, especially for cardoon 
and switchgrass.
Mostly uneconomic for farmers.

Ex
te

rn
al

Opportunities Threats

For both systems
Diversify opportunities for rural employment and development.
The establishment of perennial crop systems: i) reduces soil tillage (over long term), ii) 
minimizes use of agrochemicals, iii) favors soil micro fauna and iv) has been reported as 
giving shelter to invertebrates and birds.
Combining energy and industrial uses for the crops improves the economics thus providing 
new resources for the industry and energy sectors.

Conventional farming
Improved varieties with selected traits through genetics development and use of high 
technological skills (genetic engineering, etc.).
Improved agricultural practices.

Marginal land
Exploit certain types of low productivity land with optimized inputs and techniques.

For both systems
Lack of strong communication channels with the agricultural 
community.
Low commercial and industrial activity could present difficulties in 
the supply of components.
Low level of interrelation between the agricultural and energy 
policies leads to non-efficient use or no use at all of the existing 
financial support mechanisms.
Monoculture of any crop type (including the under-study 
perennials) is a threat to biodiversity

Conventional farming
Direct competition with land for food and feed crops.
Use of GMO to increase yields and adaptation is considered 
negative.

Marginal land
Increased fertilizer and other chemical inputs to achieve adequate 
yields in marginal land.

79 Bassam, N. E., 1998. “Energy Plant Species”, James & James (Science Publishers) Ltd.
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Constraints and recommendations for energy crop 
market development
For perennial energy crops to make a meaningful contribution towards low carbon economies and targets for renewable 
energy, they must be deployed at far greater scale and endorsed by both the farming community and the wider public. 
This will be possible through a suitable and regionally tailored development path that is sufficiently attractive to persuade 
stakeholders and investors. This section discusses common constraints in the development of a market for energy crops 
and provides selected suggestions.

Issue 1: Knowledge and commitment from the farming 
communities
Perennial energy crops require long term commitment from farmers who are very often reluctant to adopt new crop 
species that have uncertain markets as well as uncertain yields and paybacks. They want a reliable demand for crops 
before they invest the money to plant them. Initial recommended actions to improve misconceptions and facilitate 
acceptance include education and development of energy crop cooperatives.

a) Education: Farmers need to receive information that address their concerns with adopting energy crops.

•	 Create dialogue mechanisms to obtain feedback from farmers on their concerns and what information they need 
before adopting energy crops;

•	 Develop educational programs tailored to farmers, utilities, investors and consumers;

•	 Develop print/online materials and/or develop videos that will include tailored information, describe best practices 
and encourage farmers to establish energy crops.

b) Develop energy crop cooperatives: A cooperative is a business controlled and organized by members. An energy crop 
Cooperative could have the following benefits:

•	 Allow farmers to share costs and risks;

•	 Could secure markets for crops;

•	 Provide energy producers with a consistent and uniform supply of fuel;

•	 Cut down on costs by sharing equipment and purchasing planting stock in bulk;

•	 Could negotiate annual payments to farmers for energy crops based on annual growth rates so they don’t need to 
wait 3-10 years to receive returns on their investment.

Issue 2: Lack of research and demonstration funds
Energy crops are relatively new species which require substantial research and demonstration activities to ensure there is 
appropriate knowledge development and capacity building. The acceptance of energy crops can be encouraged through 
additional demonstration sites and tailored funding opportunities.

•	 More funding should be provided for energy crop research, demonstration and commercialization. This should be 
linked to appropriate value chain solution per agro-ecological zone.

•	 An increase in the number of demonstration sites is required so farmers can gain practical experience with new 
crops.
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•	 The environmental benefits of energy crops should be investigated further, and sustainability practices must be 
thoroughly researched and well communicated.

•	 Support should also be provided to equipment manufacturers to develop improved planting and harvesting 
equipment.

Issue 3: Public perception
Another potential barrier for energy crop development may be public perception of biomass generated energy. Due to 
the potential negative public perception and lack of understanding about biomass some public awareness campaigns 
may need to take place before its widely accepted.

Issue 4: Lack of policy and incentives
Policies and/or incentives could be structured to “value” the benefits of using biomass (cleaner air and water) versus the 
use of fossil fuels.

•	 Incentives could convince farmers and investors to plant energy crops until there is a steady market. 

•	 Tax incentives/credits could be provided for the environmental benefits of biofuels and biomass power generation 
to increase its ability to compete with fossil fuels.
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Practical experience with perennial energy crops 
status in the region
This section provides an overview of recent practical experience with the analyzed crops in 
countries with agro-ecological similarities to Serbia.

Hungary: Tisza Floodplains (WWF)

WWF “One Europe, More Nature (OEMN)” has initiated an innovative pilot project in Tiszatarján village, next to the 
Tisza River in north-eastern Hungary. Its goal is to restore and diversify the area’s natural flood plains and produce local 
renewable energy while increasing and diversifying local income streams.

A new company, set up within the frame of the project by the Tiszatarján municipality and a local farmers, paid local 
people to cut wild bushes of the highly invasive Amorpha species, which was shipped to, and burnt, at a large nearby 
energy plant to produce “green energy”. Large areas of land formerly covered by the Amorpha, together with less 
productive arable lands, are now being given back to nature, to restore the flood plain’s former glory. Some of the area is 
being replanted with willow trees, which will serve as a long-term, sustainable supply of “biomass” for the power plant. 

Participating farmers are obliged to set some lands aside for wetland and grassland conservation, the management of 
which will be paid for by revenues from biomass sales. Additional project “mechanisms” include the introduction of 
grazing animals such as Hungarian grey cattle and water buffalo to prevent the return of invasive species, and to assist 
with grassland management.
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Greece - Public Power Corporation S.A (PPC S.A)/Lignite Center of Western  
Macedonia (LCWM)

The open mine operations, that take place in the test area, cause several farming problems such as burial of farming 
land, instability of slopes, soil erosion, modification of morphology and hydrology. For that reason, after the end of mine 
operations, specific activities are taken place in order to improve the soil quality and make the land appropriate for 
cultivation. These activities are: a) grading of final surfaces, b) topsoil spreading, c) planting and growth/cultivation of 
trees and herbaceous crops and d) development of appropriate infrastructures. 

The total area occupied by the LCWM corresponds to 17,000 ha, of which 4,500 ha have reclaimed and 12,500 ha is 
planned to be reclaimed until the end of the mining activities (2050). The reclaimed land of 4,500 ha includes 2,000 ha 
of forest species (1,500 ha of Robinia Pseudoacacia); 1,400 ha of agricultural species (cereals, fodder crops, fruit trees) 
and an area of 1,100 ha for other uses (roads, infrastructures, lakes, etc). Plans for the remaining area include willow, 
poplar, miscanthus and switchgrass.

Ukraine

Demonstration experiments with willow exist in selected Ukrainian sites that are characterized by continental climate 
conditions with cold winter months and higher temperatures in summer coupled with the maximum sums of precipitation 
in the warm season. Except for the Vinnitsa region (sub-humid conditions) the climatic conditions are generally humid.
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Many of the Ukrainian case study sites showed clear signs of waterlogging or high groundwater tables. Particularly the 
sites in western Ukraine were closely associated with peat bogs in depressions. They were used for agriculture until the 
1990s and it is assumed that no fertilizers were applied in the following years.

The Vinnitsa site was also formerly used as waste heap for domestic wastes. Waste fragments can still be found at the 
surface and are mixed into the upper soil horizon. 

UNDP Ukraine is working on 80energy crop pilots that will provide input to develop the ‘Regional Biomass Programmes’ 
– mid and long-term regional energy policy documents in the pilot regions.

 

80 https://undpukraine.exposure.co/energy-farming-in-ukraine

https://undpukraine.exposure.co/energy-farming-in-ukraine
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ANNEX I:  
CROP AGRONOMIC CHARACTERISTICS81

Miscanthus

Origin

According to Adati82 and Deuter83 the genus Miscanthus consists of 17 species and can be divided into four sections. 
The genetic origin of miscanthus is in East-Asia, where it is found throughout a wide climatic range from tropical and 
subtropical and warm temperate parts of Southeast Asia to the Pacific Islands84. The genotype widely used in Europe for 
productivity trials, Miscanthus × giganteus, was introduced from Japan to Denmark in 1930.

Physiology

Miscanthus is a C4 grass with high radiation and water use efficiencies85, 86. There are two general types of rhizomes. 
The species Miscanthus sacchariflorus has a broad creeping and thick stemmed rhizome while the Miscanthus sinensis 
rhizome is tuft forming and has thinner stems. Hybrids of them, like Miscanthus × giganteus, form an intermediate type 
of rhizome. The florescence is a fan-like panicle with a long axis and many racemes. Miscanthus is a wind pollinated 
genus 61. The canopy of Miscanthus × giganteus can reach a height of 4 m. The estimated life time of a plantation is 
20–25 years.

Ecology

Miscanthus can be grown on a wide range of soils. The most important soil characteristic is the water holding capacity. 
Sites with stagnant water are unsuitable. The highest yields are produced on soils with a good water holding capacity. 
Establishment after planting is better on sandy soils, mainly due to lower competition by weeds, while in the long run 
yields are higher on heavy soils with improved water availability87. 

Temperature 

Miscanthus × giganteus begins growth from the dormant winter rhizome when soil temperatures reach 10–12◦C 88. 
Leaf expansion occurs between 5◦C–10◦C, depending on the genotypes 89. The main problem of miscanthus production 
in northern Europe is the poor over-wintering of the rhizomes of the productive genotype Miscanthus × giganteus in 
the first winter after planting90. Freezing tests showed that M. × giganteus rhizomes removed from the field in January 

81 Adapted from: i) I. Lewandowski et al.  The development and current status of perennial rhizomatous grasses as energy crops in the US and Europe. In Biomass 
and Bioenergy 25(2003) 335– 361; ii) Zegada-Lizarazu, W., Elbersen, W., Cosentino, S.L., Zatta, A., Alexopoulou, E., Monti,A., 2010. Agronomic aspects of future 
energy crops in Europe. Biofuels Bioprod. Bioref. 4 (6), 674–691; iii) Cosentino, S.L., Testa, G., Scordia, D., Alexopoulou, E., 2012. Future yields assessment of 
bioenergy crops in relation to climate change and technological development in Europe. Ital. J. Agron. 7 (e22), 154–166; iv) Fernando, A.L., Duarte, M.P., Almeida, 
J., Boléo, S., Mendes, B., 2010. Environmental impact assessment of energy crops cultivation in Europe. Biofuels Bioprod. Biorefin. 4, 594–604.

82 Adati S. Studies on the genus Miscanthus with special reference to the Japanese species for breeding purpose as fodder crops. Bulletin of the Faculty of Agrono-
my, Mie University, 1958, 17, 1–112.

83 Deuter M. Breeding approaches to improvement of yield and quality in Miscanthus grown in Europe. In: Lewandowski I, Clifton-Brown JC. editors. European mis-
canthus improvement—3nal Report September 2000. Stuttgart: Institute of Crop Production and Grassland Research, University of Hohenheim, 2000. p. 28–52.

84 Greef JM, Deuter M. Syntaxonomy of Miscanthus × giganteus GREEF et DEU. Angewandte Botanik 1993;67: 87–90.
85 Tayot X, Chartier M, Verlet-Grancher C, Lemaire G. Potential above-ground dry matter production of Miscanthus in north-central France compared to sweet sor-

ghum. In: Chartier P, Beenackers AACM, Grassi G, editors. Biomass for Energy, Environment, Agriculture and Industry: Proceedings of the Eighth European Biomass 
Conference, Vienna, Austria, 3–5 October 1994. Oxford: Pergamon, 1995. p. 556–64. 

86 Clifton-Brown JC, Lewandowski I. Water use efficiency and biomass partitioning of three different Miscanthus genotypes with limited and unlimited water supply. 
Annals of Botany 2000;86:191–200.

87 Schwarz KU, Greef JM, Schnug E. Untersuchungen zur Etablierung und Biomassebildung von Miscanthus giganteus unter verschiedenen Umweltbedingungen. 
Landbauforschung VYolkenrode. Braunschweig-VYolkenrode: Bundesforschungsanstalt fYur Landwirtschaft, FAL, 1995.

88 Clifton-Brown JC. The importance of temperature in controlling leaf growth of Miscanthus in temperate climates. Dissertation. University of Dublin, Trinity College, 
Dublin, 1997.

89 Clifton-Brown JC, Jones MB. The thermal response of leaf extension rate in genotypes of the C4-grass Miscanthus: an important factor in determining the poten-
tial productivity of diAerent genotypes. Journal of Experimental Botany 1997;48(313):1573–81.

90 Pude R, Franken H, Diepenbrock W, Greef JM. Ursachen der Auswinterung von einjYahrigen Miscanthus-BestYanden. PTanzenbauwissenschaften 1997;1(4):171–6.
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are killed at temperatures below −3.5◦C, while the rhizomes of M. sinensis survived until −6.5◦C 91. Field trials to screen 
the winter hardiness of different miscanthus genotypes showed that M. sinensis and its hybrids can withstand soil 
temperatures of −5.4◦C while M: × giganteus rhizomes die off at −3.4◦C 92.

Vegetation	and	photoperiod	

M. sinensis forms new shoots during the entire vegetation period while M. sacchariflorus forms 80% of its shoots in spring, 
so the former has a longer flowering period. Initiation of flowering is dependent upon the location where the genotype 
comes from. The further south in Japan the genotype originated, the later heading starts 60. Artificial induction of flowering 
can be attained by dark treatment like the dark period of the natural stands where the genotype originates.

Yields

Most yields reported for miscanthus in Europe have been assessed using the ‘standard’ genotype Miscanthus × giganteus. 
Miscanthus stands need 3–5 years to become fully established and reach the maximum yield level 93, 94. Yields above 30 
t/ha of dry matter are reported for locations in southern Europe with high annual incident global radiation and high 
average temperatures (e.g. 6200 MJ/m2 and 15.4◦C; data for southern Portugal) but only with irrigation. In central and 
northern Europe (from Austria to Denmark) where global radiation and average temperatures are lower (e.g. 3500 
–3900 MJ/m2 and 7.3–8.0◦C; data from Denmark and Germany), yields without irrigation are more typically 10–25 t/
ha dry matter 95. In central Europe miscanthus is harvested in early spring because the stems dry during winter and part 
of the ash, Cl and K contents are leached by precipitation, which substantially improves combustion quality. A delayed 
harvest is preferred because of the improved biomass quality, but it also results in yield losses of about 25% 96. Field trials 
with different miscanthus genotypes by Hotz, Jorgensen and Clifton-Brown 97, 98,  showed that the differences in yield and 
quality between the genotypes can be explained by their distinctive physiological development. Late flowering and late 
senescing genotypes have a more extended growing season and, therefore, can form higher yields. On the other hand, 
their biomass contains higher concentrations of minerals at harvest, especially N, because the relocation of nutrients 
from the above ground shoots to the rhizomes starts later. M. sinensis genotypes are characterized by thinner stems 
which have a taller surface where leaching of Cl and K can occur, but in the same time they are leafier. At most European 
locations the yield potential of M. sinensis genotypes is inferior compared to M. × giganteus. In more northern, cooler 
regions, such as Denmark, M. sinensis genotypes from Japan can reach similar yields as M. × giganteus. In southern and 
central Europe M. × giganteus is still a very productive genotype, however, new hybrids were produced that can reach or 
even out-yield M. × giganteus at central to southern European locations 99. At most European locations the yield potential 
of M. sinensis genotypes is inferior compared to Miscanthus × giganteus. 

Quality characteristics

The main problem of miscanthus biomass regarding combustion is its relatively low ash melting point. However, while 
there are reports of sintering tendencies at temperatures as low as 600◦C100, other authors report that miscanthus can 
have a higher ash softening temperature than straw . Genotypes vary significantly in their biomass quality. At a southern 
German location, the water, ash, N and Cl contents of the biomass of M. sinensis genotypes at spring harvest were 

91 Clifton-Brown JC, Lewandowski I. Winter frost tolerance of juvenile Miscanthus plantations: studies on 3ve genotypes at four European sites. New Phytologist 
2000;148:287–94.

92 Clifton-Brown JC, Lewandowski I, Andersson B, Basch G, Christian DG, Bonderup-Kjeldsen J, JHrgensen U, Mortensen J, Riche AB, Schwarz KU, Tayebi K, Teixeira F. 
Performance of 15 Miscanthus Genotypes at Five Sites in Europe. Agronomy Journal 2001;93(5):1013–9.

93 Schwarz KU, Schnug E. Ertragsentwicklung beimehrjYahrigen BestYanden von Miscanthus × giganteus. Mitteilungen der Gesellschaft fYur PTanzenbauwissen-
schaften 1993;6:125–8.

94 Greef JM. Etablierung und Biomassebildung von Miscanthus × giganteus. Habilitation, UniversitYat Kiel. GYottingen: Cuvillier Verlag. 1995, 162pp.
95 Lewandowski I, Clifton-Brown JC, Scurlock JMO, Huisman W. Miscanthus: European experience with a novel energy crop. Biomass and Bioenergy 2000;19:209–27.
96 Kath-Petersen W. LeistungfYahige und bodenschonende Erntetechnik fYur Miscanthus, Dissertation. Institut fYur Agrartechnik, Christian-Albrecht-UniversitYat, 

Kiel, 1994. 249pp.
97 Hotz A, Kuhn W, Jodl S. Screening of diAerent Miscanthus cultivars in respect of yield production and usability as a raw material for energy and industry. In: Chart-

ier P, Ferrero GL, Henius UM, Hultberg S, Sachau J, Wiinblad M, Chartier P, editors. Biomass for Energy and the Environment: Proceedings of the Ninth European 
Bioenergy Conference, Copenhagen, Denmark, 24–27 June 1996. New York: Pergamon, 1996. p. 523–7.

98 Jorgensen U. Genotypic variation in dry matter accumulation and content of N, K and Cl in Miscanthus in Denmark. Biomass and Bioenergy 1997;12(1):155–69.
99 Clifton-Brown JC, Lewandowski I. Screening Miscanthus genotypes in 3eld trials to optimise biomass yield and quality in Southern Germany. European Journal of 

Agronomy 2001;6:97–110.
100 Kristensen EF. Miscanthus, Harvesting technique and combustion of Miscanthus sinensis “Giganteus” in farm heating plants. In: Chartier P, Beenackers AACM, 

Grassi G, editors. Biomass for Energy, Environment, Agriculture and Industry: Proceedings of the Eighth European Biomass Conference, Vienna, Austria, 3–5 Octo-
ber 1994. Oxford: Pergamon, 1995. p. 548–55.
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on average 29%, 23%, 26% and 75%, respectively, lower than that of Miscanthus ×giganteus, but DM yields were 52% 
lower, too. Biomass characteristics of miscanthus are mainly a function of location. For example, biomass ash contents 
are correlated with high silt and clay content of the soil 101. The most important management tool to improve biomass 
quality in miscanthus is a delayed harvest. Following senescence in autumn and shoot death after frost, Cl, K and ash 
components are leached from the shoots by precipitation 102. 

Crop management
Establishment	

The sterile hybrid Miscanthus × giganteus has to be propagated vegetatively via rhizomes (macro-propagation) or by 
tissue culture (micropropagation). Methods for macro-propagation, i.e. mechanical cutting of rhizomes in the field, are 
under development 103. While the costs for micro-propagated plant material are about 3000 to 6000 Euro per hectare, 
it is estimated that macro-propagation costs can decrease to around 350 Euro per hectare 104. Seeds were produced 
by inter- and intraspecific crosses of M. sinensis and M. sacchariflorus genotypes. Miscanthus seeds are very small 
(1000 seeds weigh about 250–1000 mg), have low nutrient reserves, and require high temperature and moisture for 
germination. Seed establishment methods still must be developed, for example by development of coating material. 
Ploughing is recommended before planting miscanthus. To avoid frost damage planting should be done when the frost 
period is finished. The optimal planting density is 1 to 2 plants/m2 105, 106. In general, irrigation during the first growing 
season improves establishment rates. The main risk factor to produce Miscanthus × giganteus in continental Europe is 
poor over-wintering in the first three years. In areas where soil temperatures fall lower than −3◦C more frost-tolerant 
genotypes like M. sinensis or its hybrids are recommended 71.

Fertilizers	

Since miscanthus did not respond to N fertilization on several sites in Europe, it was concluded that N fertilization is 
necessary mainly on soils with low N contents. At locations with sufficient N mineralisation from soil organic matter N 
fertilization can be avoided or limited to 50–70 kg/ha/yr. The overall nutrient requirements for N, phosphorus (P) and 
calcium (Ca) are about 2–5, 0.3–1.1 and 0.8–1.0 kg per tonne of dry matter  and for K 0.8– 1.2 kg.

Weeds	

Weed control in the year of planting is an important measure to ensure establishment of the poorly competing miscanthus 
plants. Various herbicides suitable for use in maize or other cereals can be used. To date, there are no reports of plant 
diseases significantly limiting the productivity of miscanthus.

Harvesting	

Miscanthus can be harvested only once a year, since multiple cutting would over-exploit the rhizomes and kill the stands. 
The harvest window depends on the local conditions and is between November and March/April. The later the harvest 
can be performed, the more the combustion quality improves, since the moisture content and the mineral contents 
decrease; however, there is a trade-off, since the biomass yield decrease as well. For economic reasons a late harvest 
at a water content lower than 30% is recommended, because the costs for harvesting and drying of the biomass are 
increasing with the water content 107, 108.

101 Lewandowski I, Kauter D. EinTuss von Standort und pTanzenbaulichen Ma[nahmen auf Eigenschaften perennierender PTanzen. In: Fachagentur Nachwachsende 
RohstoAe e.v., editor. Eigenschaften biogener FestbrennstoAe—Bestimmung, BeeinTussung und Standardisierung. Schriftenreihe “Nachwachsende RohstoAe” 17, 
2000, 134–48.

102 Lewandowski I, Kicherer A. Combustion quality of biomass: practical relevance and experiments to modify the biomass quality of Miscanthus × giganteus. Euro-
pean Journal of Agronomy 1997;6:163–77.

103 Jorgensen U. Macro propagation of Miscanthus. In: Fachagentur Nachwachsende RohstoAe e.v., editor. Symposium Miscanthus. Schriftenreihe “Nachwachsende 
RohstoAe”, vol. 6, 1995. pp. 27–30.

104 Lewandowski I, Clifton-Brown JC, Scurlock JMO, Huisman W. Miscanthus: European experience with a novel energy crop. Biomass and Bioenergy 2000;19:209–27.
105 Pude R, Franken H, Diepenbrock W, Greef JM. Ursachen der Auswinterung von einjYahrigen Miscanthus-BestYanden. PTanzenbauwissenschaften 1997;1(4):171–6.
106 Schwarz KU, Greef JM, Schnug E. Untersuchungen zur Etablierung und Biomassebildung von Miscanthus giganteus unter verschiedenen Umweltbedingungen. 

Landbauforschung VYolkenrode. Braunschweig-VYolkenrode: Bundesforschungsanstalt fYur Landwirtschaft, FAL, 1995.
107 Huisman W. Harvesting and Handling of PRG Crops. In: Lewandowski I, editor. Production and use of perennial rhizomatous grasses (PRG) in the energy and indus-

trial sector of Europe. Stuttgart
108 Van der Heuvel EMJT. Pretreatment technologies for energy crops. Final report of Novem project 355300/0302. Enschede: BTG, The Netherlands, 1995. 69pp.
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Switchgrass
Origin

Switchgrass belongs to the subfamily Panicoideae of the Gramineae family. It is native to North America where it occurs 
naturally from 55◦N latitude to central Mexico. It is one of the grasses that dominated the North American tall-grass 
prairie. Although generally associated with the natural vegetation of Great Plains and the western Corn Belt, it occurs 
widely in grasslands and non-forested areas throughout North America east of the Rocky Mountains and south of 55◦N 
109. Switchgrass has been seeded in pasture and range grass mixtures in the Great Plains over the past 50 years and has 
become increasingly important as a pasture grass in the central and eastern US because of its ability to be productive 
during the hot months of summer, when cool-season grasses are less productive.

Physiology

Switchgrass is a tall perennial C4 grass. In southern parts of the US, switchgrass can grow to more than 3 m height and 
develop roots to a depth of more than 3.5 m 110. It has short rhizomes and the stand has the potential to form a sod. 
Most tillers produce a seed head when moisture is adequate. The inflorescence is a diffuse panicle, 15–55 cm long, with 
spikelets at the end of long branches. Spikelets are two-towered with the second floret being fertile and the third one 
sterile or staminate 87. The seed weight of switchgrass is about 389,000 seeds per pound for most varieties and 427,365 
for Alamo 111. The expected life of a pasture would be 10 years or more if properly managed.

Ecology

Switchgrass does well on a wide variety of soil types. It is drought tolerant and produces well on shallow rocky soils. At 
the same time, it is also tolerant to wet areas. It can grow on sand to clay loam soils and tolerates soils with pH values 
ranging from 4.9 to 7.6 112. Cave-in-rock is more adapted to the growing conditions in high humidity areas. Kanlow is more 
drought tolerant than Alamo and Cave-in-rock.

Temperature 
Switchgrass germinates very slowly when the soil temperature is below 15.5◦C. Most seedlings will germinate after three 
days at 29.5◦C. According to Hsu 113 the minimum temperature for switchgrass germination is 10.3◦C. Artificial freeze tests 
with two populations of switchgrass showed a LT50 (lethal temperature at which 50% are killed) value of −4◦C prior to the 
onset of cold hardening. Slow cold-hardening increased the cold tolerance to −18◦C within one month 114. Seed dormancy 
can be a problem and can be broken by cold stratification.

Photoperiod 
Switchgrass requires short days to initiate flowering 115. The photoperiod response is linked to winter survival. Southern 
types of switchgrass from Texas and Oklahoma moved too far north will not consistently survive the winters because 
they continue growth too late in the fall and do not winter harden properly. These grasses should not be moved more 
than 500 km north.

Yields

Within the Bioenergy Feedstock Development Program at Oak Ridge National Laboratory, nine switchgrass cultivars 
were evaluated across a network of nineteen research blocks (plot sizes 1.5×6.1 m, 4 replications). Annual yields of the 
best varieties have averaged about 16 t/DM/ha across all plots, with yields more than 22 t/DM/ha occurring at the best 

109 Moser LE, Vogel KP. Switchgrass, Big Bluestem, and Indianagrass. In: Barnes RF, Miller DA, Nelson CJ. editors. Forages, An introduction to grassland agriculture, 5th 
ed. Ames, IA: University Press, 1995. p. 409–20.

110 Weaver JE. Prairie plants and their environment: a fifty-year study in the Midwest. Lincoln, NE: University of Nebraska Press. 1968, 276pp.
111 Anderson BE. Establishing dryland forage grasses. NebGuide G81-543. Nebraska Cooperative Extension Service, University of Nebraska, Lincoln, NE, USA, 1989. p. 

B-18.
112 Wolf DD, Fiske DA. Planting and managing switchgrass for forage, wildlife, and conservation. Extension agronomist, Forages. Virginia Tech. Virginia Polytechnic 

Institute and State University, 1995. Publication 418–013.
113 Hsu FH, Nelson CJ, Hatches AG. Temperature effects on germination of perennial warm season forage grasses. Crop Science 1985;25:215–20.
114 Hope HJ, McElroy A. Low-temperature tolerance of switchgrass (Panicum virgatum L.). Canadian Journal of Plant Science 1990;70:1091–6.
115 Benedict HM. EAect of day length and temperature on the Towering and growth of four species of grasses. Journal of Agricultural Research 1940;61(9):661–71.
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plots. The highest yielding varieties were the lowland varieties Alamo and Kanlow at southern and Mid-Atlantic sites, 
while the upland variety Cave-in-rock performed best in the northern central plains 116. Stands are typically not harvested 
during the 3rst growing season, reach two-thirds of their capacity during the second year, attaining full yield in the third 117.

The highest yields per hectare can be obtained when switchgrass is harvested once or twice per year. The one or two-cut 
systems provide often similar average yields 94.

Quality characteristics

Of the eight switchgrass genotypes compared by Sladden 118, the six upland types did not vary significantly in their 
biomass composition, because they were all cut at the same maturity. Alamo and Kanlow had significantly lower nitrogen 
(N) contents and higher fiber contents which was related to the later harvest date at maturity rather than differences in 
nutrient partitioning 119. In the same trial the biomass quality was influenced by harvest date. Harvest in June/July was 
compared to harvest in August/September. With a two month later harvest the N content decreased for all early maturing 
varieties, but an increase of N was recorded for the late maturing Alamo and Kanlow. For most varieties an increase in 
ash content was recorded with later harvest 97. Other trials, however, showed that later-harvested switchgrass biomass 
had lower ash and potassium (K) contents 120. The N contents was higher for the summer harvest of the two-cut system 
and lowest in the fall harvest of the one-cut system 121 and a clear decrease of ash contents with progressed maturity was 
observed [37]. The total N withdrawal by the biomass in a two-cut system varied from 90 to 144 kg ha/yr over 5 years of 
measurements, while only a total of 31–63 kg N ha/yr was withdrawn in the one-cut fall harvest system.

Crop management

The management issues with the greatest impact on utilization of switchgrass as a bioenergy crop are establishment, the 
timing and frequency of harvests, and nitrogen and fertilization strategies.

Establishment

All over the US, switchgrass is established by seeding. Stand failure because of poor seed quality, weed competition, 
and seedling physiology will have major implications on the cost of switchgrass biomass. Switchgrass often has a high 
degree of dormant seed when harvested. This dormancy can be broken when the seed is stored for 2–4 years in a warm 
place or when exposed to cold–wet conditions (stratification). Stratification can occur during the winter in the field, 
and adequate cold–wet conditions may occur if the 3eld is planted between late winter and the beginning of May. 
However, weed competition may become too strong at the same time. If germination is low, a wet–chill treatment may 
be required. Soaked seeds are stored for draining for 24 h in a cool place and then in the refrigerator at about 3.5–5.5◦C 
for 4 weeks. A firm seedbed, proper planting depth, and good weed control during the first year are very important to 
good switchgrass establishment.

Switchgrass can be drilled in a conventional seedbed or by no-till seeding methods. For seeding in a conventional seed-
bed the field operations that are typically used for small seeded forages can be applied.

The soil must be warm at planting. Seeds can be broadcast or drilled in rows. As light-seeded species they should not be 
placed deeper than 1–2 cm87. Cult packing after drill planting is recommended to have a good seed–soil contact. For no-

116 McLaughlin SB. Forage crops as bioenergy fuels: evaluating the status and potential. In: Proceedings of XVIII International Grassland Congress, Winnipeg, Canada, 
vol. 1, 1997.

117 McLaughlin SB, Bouton J, Bransby D, Conger JB, Ocumpaugh W, Parrish D, Taliaferro C, Vogel K, Wullschleger S. Developing switchgrass as a new crop. In: Janick J, 
editor. Perspectives on New Crops and New Uses: Proceedings Fourth National New Crops Symposium, Phoenix, AZ. Alexandria, VA: ASHS Press, 1999. p. 282–99.

118 Sladden SE, Bransby DI, Kee DD, Nepal P. The effects of row spacing and nitrogen fertilization on biomass production of switchgrass in Alabam. In: Proceedings of 
the American Forest and Grassland Council. 1995. p. 45–8.

119 Sladden SE, Bransby DI, Aiken GE. Biomass yield, composition and production costs for eight switchgrass varieties in Alabama. Biomass and Bioenergy 1991;1(2): 
119–22.

120 McLaughlin SB, Samson R, Bransby D, Weislogel A. Evaluating physical, chemical, and energetic properties of perennial grasses as biofuels. In: Proceedings of the 
Bioenergy 96 Conference, Nashville, TN, September 1996. p. 1–8.

121 Reynolds JH, Walker CL, Kirchner MJ. Nitrogen removal in switchgrass biomass under two harvest systems. Biomass and Bioenergy 2000;19:281–6.
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till planting, the soil surface should be rather dry, and seeds should be sown at 0.5–1.3 cm depth. When no-till planting 
is applied, soil moisture is of less concern than with conventional seeding. For no-till planting, less seed (9 kg/ha) is 
necessary than for conventional seeding (11 kg/ha). According to Sladden a row spacing of 80 cm can be recommended 
because this leads to higher yields in the second and third year than row spacing of 20 cm.

Fertilizer	and	input	demand	

There are various reports that switchgrass shows no response to nitrogen (N) fertilizer or only to the first 50 kg 122. Above 
that level, only moderate yield increases occurred. Economically viable yields will require fertilization rates between 
50–100 kg/ha/yr. The effect of N fertilizer, however, can be site specific. 

It was concluded by Wright 123 that N fertilization is effective only on poorer quality sites with typically little or no effects 
at levels above 70 kg/ha/yr. On more fertile sites, effects have typically been negative or neutral. Nitrogen (N) fertilizer 
should be given in late spring. If the soil tests indicate medium or higher P and K levels, no P and K fertilizer is needed at 
the time of planting. According to Wolf nitrogen (N) should not be applied at planting.

Weeds	and	diseases

Weeds can be a major obstacle for switchgrass establishment, especially summer annuals. They can be reduced by 
growing the appropriate crop, the year before. One year prior to switchgrass planting, the field should be ploughed 
or chisel ploughed. Broadleaf weeds can be controlled with herbicides, e.g. light rates of 2,4-D. In the first year after 
seeding herbicide may still be necessary to control weeds. A reduction of weed competition can also be achieved by 
infrequent clipping at 6–9 cm 124.

If seedlings are slow to establish in the first year, the fields may be completely covered with weeds. However, experience 
from the Netherlands, shows that the stand can recover in the second year, even if strong weed growth occurs in the first 
year. For new seedlings of switchgrass grasshoppers, crickets, corn Tea beetles and other insects can become a problem 
and an insecticide may be needed. There are several diseases that can affect switchgrass like Panicum mosaic virus or 
various leaf rusts (Puccinia spp.). There are no economical or approved controls for these diseases.

Harvesting	

Several trials have been performed to identify the optimal harvest frequencies and dates. A two-cut system, with 
harvests in July and October, has provided somewhat higher yields under the longer southern growing season, whereas 
a single cut system may be more advantageous further north 125. Yield data emphasize the regional specificity of optimum 
cutting practices. Dry matter yields with the two-cut system were only higher when there was adequate summer soil 
water126, 127. It was concluded that the increase in yield may not justify the costs of added harvest 128. Yields may be 
reduced by approximately 20% by harvesting after the first frost, but this can result in improved yields in the following 
years and improved quality of the late harvested biomass due to reduced mineral content 103. Allowing switchgrass to 
mature fully and to dry down before harvest results in nutrient translocation. Therefore, late harvesting removes lower 
levels of nutrients 101.

122 Turhollow AF, Cushman JH, Johnston JW. Herbaceous Energy Crops Program: Annual Progress Report for FY, Report ORNL-6639, 1990, Oak Ridge National Labora-
tory: Oak Ridge, TN 37831-6285, 1988. 76pp.

123 Wright L. Production technology status of woody and herbaceous crops. Biomass and Bioenergy 1994;6(3): 191–209.
124 Anderson B. Establishing dryland forage grasses. Neb Guide B-18, issued in furtherance of Cooperative Extension work, Acts of May and June 30, 1914, in coopera-

tion with the US Department of Agriculture. University of Nebraska, Institute of Agriculture and Natural Resources, 1995.
125 McLaughlin SB, Walsh ME. Evaluating environmental consequences of producing herbaceous crops for bioenergy. Biomass and Bioenergy 1998;14(4):317–24.
126 Reynolds JH, Walker CL, Kirchner MJ. Nitrogen removal in switchgrass biomass under two harvest systems. Biomass and Bioenergy 2000; 19:281–6.
127 Kszos LA, Downing ME, Wright LL, Cusman JH, McLaughlin SB, Tolbert VR, Tuskan GA, Walsh ME. Bioenergy Feedstock Development Program Status Report Report 

ORNL/TM-2000/292, Oak Ridge National Laboratory: Oak Ridge, TN 37831-6285. 2000. 74pp.
128 Sanderson MA, Reed ML, McLaughlin SB, Wullschleger SD, Conger BV, Parrish DJ, Wolf DD, Taliaferro C, Hopkins AA, Ocumpaaugh WR, Hussey MA, Read JC, 

Tischler CR. Switchgrass as a sustainable bioenergy crop. Bioresource Technology 1996;56:83–93.
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Reed canary grass
Origin

Reed canary grass belongs to the subfamily Pooideae of the Gramineae family. It is native to the temperate regions of 
Europe, Asia and North America. In Europe, it can be found throughout the Nordic countries, even in the mountain areas 
in the north. It is normally found in wet areas like lake shores and along rivers. Reed canary grass is used as a forage crop 
mainly in North America, but also to some extent in Eastern Europe, Scandinavia and Japan. In Middle Europe it was 
used as fodder for horses until the 19th century, but nowadays the interest in using reed canary grass concentrates on 
material and energy uses129.

Physiology

Reed canary grass is a tall, coarse and erect C3 grass that reaches a canopy height of 150–300 cm. It has vigorous rhizomes 
that form 1 cm thick and short branches and a root system that reaches to more than 3 m. When unrestricted, it forms 
dense masses of broad, leafy foliage. The panicles are compact, erect or sometimes slightly spreading and range from 
7–40 cm long with branches 1.2–3.8 cm long. Single Towers occur in dense clusters. Inflorescences are green or slightly 
purple at first, then become tan. Seeds are shiny brown. Seed production of the species is slightly unreliable because of 
seed shattering and occasionally poor panicle production. Seed often shatters from the upper branches while seed at 
the base is still immature. The seeds are small, 1000 seeds have a weight of 1 gram. The presence of various types and 
concentrations of poisonous alkaloids has restricted the use of reed canary grass as a forage crop 130. The estimated life 
time of a plantation is ten years 131.

Ecology

Reed canary grass is a persistent species, which grows well on most kinds of soils 132. It is one of the best grass species for 
poorly drained soils and tolerates flooding better than other cool-season grasses. Even though it naturally grows in wet 
places, it is nevertheless more drought resistant than many other grass species 133. On wet soils, the fortification of the 
top soil by the vigorous rhizomes and roots is an advantage. The highest yield can be obtained on organic soils.

Temperature 

Reed canary grass is adapted to and grows very well in a cool temperate climate. It has also good winter hardiness and 
survives very well in northern Scandinavia.

Photoperiod	

Reed canary grass has a dual photoperiodic induction requirement for flowering: exposure to short days for primary 
induction followed by long days for initiation of floral primordial and inflorescence development (secondary induction). 
The critical photoperiod for secondary induction strongly depends on the origin of the genotype 134. When several 
populations from northern Sweden (64–66◦N) were transferred to southernmost part of the country (56◦N), some of 
them did not produce any panicles at all.

129 Baltensperger AA, Kalton RR. Variability in Reed Canarygrass, Phalaris Arundinacea L. II. Seed shattering. Agronomy Journal 1959;51:37–8.
130 Marten GC, Jordan RM, Hovin AW. Biological significance of reed canarygrass (Phalaris arundinacea) alkaloids and associated palatability variation to grazing sheep 

and cattle. Agronomy Journal 1976;68:909–14.
131 Hadders G, Olsson R. Harvest of grass for combustion in late summer and spring. Biomass and Bioenergy 1997;12(3): 171–5
132 Istrem L. Studies on genetic variation in reed canarygrass, Phalaris arundinacea L. I. Alkaloid type and concentration. Hereditas 1987;107:235–48.
133 Vose PB. The Agronomic potentialities and problems of the canarygrass, Phalaris arundinacea L. and Phalaris tuberosa L. Herb Abstracts 1959;29:77–83.
134 Heide OM. Control of Towering in Phalaris arundinacea. Norwegian Journal of Agricultural Science 1994;8:259–76.
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Yields

Reed canary grass has been evaluated as a bioenergy crop at several sites in Sweden for more than 10 years. In field 
trials, at 10 locations, the variety Palaton was planted with the objective to study the sustainability and yielding capacity 
during 10 years of ley. The result shows that there are considerable differences in yield between different soils. Yields 
were much higher on soils with less than 15% of clay than on clay soils. The highest yields were obtained on humus-rich 
soils; on average over 8 harvest years, 9 tonnes dry matter per ha when harvested in autumn, and 7.5 tonnes dry matter 
per ha at spring harvest 135.

Finnish experience showed an increase of yields with increased N fertilization, with the biggest differences between 0 
and 50 kg N and the lowest between 100 and 150 kg N per hectare per year. In the third year of the stand, a rate of 150 
kg N per hectare per year turned out to be unnecessarily high, since no yield effects were measured. The sowing time 
significantly affected yields of reed canary grass over three years. Higher yields were measured with sowing in May to 
June instead of September. No significant yield increases, or decreases were recorded from the second year on when the 
ley aged over seven years, yields were, however, significantly lower in years with low precipitation 136.

Quality characteristics

Problems with melted ash or cinder and corrosion has often been the case when using stalky biomass for combustion. 
In the delayed harvest system these problems are almost eliminated. During the winter there is a decrease in content of 
elements such as K, Ca, magnesium (Mg), P and Cl. This change in chemical composition is caused by leaching and leaf 
losses during the winter, which significantly modify the chemical and physical properties of the ash. Most relevant is that 
the initial ash deformations temperature is raised 137. The silica content, however, increases over winter, probably due to 
contamination with soil. The content of ash and of major elements in the ash show considerable differences between 
different locations. The soil type has a great influence; high ash contents are measured in reed canary grass biomass 
grown on heavy clay soils and low contents in biomass grown on humus-rich and organic soils 138.

Crop management
Establishment	

Reed canary grass is established by seeding. Best stands are obtained when sown not deeper than 1–2 cm in a well-
prepared, firm seedbed. Seeds are normally drilled in rows, at least under Swedish conditions, 12.5 cm row spacing 
is commonly used. Rolling after seeding will help to keep the moisture in the seedbed. Recommended seeding rate is 
15–20 kg/ha.

Fertilizers

When reed canary grass is grown, as a bioenergy crop, the recommended levels of fertilizer differ from those for fodder 
production. Experiences from Swedish field trials, over almost 10 years, resulted in the following recommendations. In 
the year of sowing, an amount of 40 kg N, 15 kg P and 50 kg K per hectare is optimal for a good establishment of the 
crop. The year after sowing, the most economic result is reached when applying 100, 15 and 80 kg/ha of N, P and K, 
respectively. During the following years, the fertilization rates can be decreased when the delayed harvest system is 
applied, because of the translocation of nutrients at the end of the growing season and leaching during the winter. The 
removal of nutrients is smaller than in a summer or autumn harvest system. Recommended rates are 50, 5, and 20 kg/
ha of N, P and K, respectively, in every spring.

135 LandstrYom S. Sustainability of reed canarygrass in cold climate. In: Alternative crops for sustainable agriculture. In: Mela T, Christiansen J, Kontturi M, Pahkala K, 
Partala A, Sahramaa M, Sankari H, Topi-Hulmi M, Pithan K, editors. Alternative crops for sustainable agriculture. COST 814, European Commission, BioCity, Turku, 
Finland, 1999. p. 194–7.

136 Saijonkari-Pahkala K. Non-wood plants as raw material for pulp and paper. Agricultural and Food Science in Finland, vol. 10(Suppl 1), 2001. 101pp.
137 Burvall J, Hedman B. BrYanslekaraktYarisering av rYorTen— resultat frYon fYorsta och andra ]ars vallar (Fuel characteristics of Reed canarygrass—results from first 

and second years ley). RYobYacksdalen meddelar nr 5:1994, Uppsala: Swedish Institute of Agricultural Engineering, 1994.
138 Burval J. InTuence of harvest time and soil type on fuel quality in reed canary grass (Phalaris arundinacea L.). Biomass and Bioenergy 1997;12(3):149–54.
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Weeds	

Seeds of reed canary grass are generally rather slow to germinate, and they show various degree of dormancy. Weed 
competition can, therefore, be a problem in the first year. Broadleaf species can be controlled with common herbicides. 
From the second year on, weeds are no problem, since an established reed canary grass stand is very competitive.

Leaf spot diseases have occasionally been observed on reed canary grass, but there are no reports whether those leaf 
spots cause any economic losses. A new gall midge has been discovered in northern Sweden, which feeds on reed canary 
grass 139. The area of distribution of the gall midge and its potential as a pest are unknown, and methods of controlling it 
are not available either.

Harvesting	

Poor fuel quality and the need of expensive artificial drying exclude the summer and autumn harvest alternatives for 
reed canary grass in Sweden and other regions with similar climatic conditions. The delayed harvest concept, when the 
crop is left on field during the winter and harvested as senescent material the following spring, has been developed in 
Sweden. The harvest is performed when the soil is dry enough for carrying the harvesting machinery and the crop is dry 
enough for storage without artificial drying (80% DM) 140. In Sweden, delayed harvest is normally performed in April to 
May. With this system, the grass can grow undisturbed during the whole of the previous season and build up a store of 
carbohydrates in the underground parts. A sufficient reserve of carbohydrates is important for the plants to survive a 
long winter and for an early start of growth in spring.

Giant reed
Origin

Arundo donax belongs to the subfamily Arundinoideae of the Gramineae family141,142. Arundo donax is the only wide-
ranging species within the Arundo genus. Arundo donax is thought to have originated from Asia143,144, but is also 
considered as a native species in the countries surrounding the Mediterranean Sea. From this area, it has become widely 
dispersed by man into all of the subtropical and warm-temperate areas of the world because of its multiple uses e.g. for 
musical instruments, rayon, paper and pulp, particle boards, hand-woven baskets, fishing roars, fencing, shading or as 
ornamental 119. Therefore, it is currently found growing in India, Burma, China, USA, Australia, Southern Africa, regions 
adjoining the Nile River and in the Mediterranean region 145. The rapid spread of this species is probably attributed to 
its high productivity 122. Because of its widespread distribution and multiple uses, it has been given several common 
names. The most widely employed names are merely translation of the simple epithets ‘cane’ or ‘common cane’, while 
the scientific community has adopted the common name ‘giant reed’.

Physiology

Arundo donax is a tall, perennial C3 grass and it is one of the largest of the herbaceous grasses. It grows in dense clumps; 
the stems can reach a height up to 8–9 m, exhibiting growth rates of 0.3– 0.7 m per week over a period of several 
months, during the vegetative stage when conditions are favorable119. Stems arise during the whole growing period from 
the large knotty rhizomes. They do not all emerge at the same time, and later emerging shoots fail to grow well and often 
die out, probably due to shading. The fleshy, almost bulbous, creeping rootstocks (rhizomes) form compact masses from 
which arise tough fibrose roots that penetrate deeply into soil.

139 Sylven E, Hellqvist S, Sellerholm G, Tastas-Duque R. A new gall midge (Diptera: Cecedomyiidae), feeding beneath leaf sheats of Phalaris arundinacea (Poaceae). 
Entomologisk Tidskrift 1997;118:99–109.

140 LandstrYom S, Lomakka L, Andersson L. Harvest in spring improves yield and quality of reed canary grass as bioenergy crop. Biomass and Bioenergy 
1996;11(4):333–41.

141 Perdue RE. Arundo donax—Source of musical reeds and industrial cellulose. Economic Botany 1958;12:368–404.
142 Tucker GC. The genera of Arundinoideae (Graminae) in the southeastern United States. Journal of the Arnold Arboretum 1990;71(2):145–77.
143 Boose AB, Holt JS. Environmental eAects on asexual reproduction in Arundo donax. Weed Research 1999;39: 117–27.
144 Rossa B, TuAers AV, Naidoo G, von Willert DJ. Arundo donax L. (Poaceae)—a C3 species with unusually high photosynthetic capacity. Botanica Acta 1998;111:216–

21.
145 P Veselack MS, Nisbet JJ. The distribution and uses of Arundo donax. Proceedings of the Indiana Academy of Sciences 1981;90–2.
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The rhizomes usually lie close to the soil surface (5–15 cm deep, maximum 50 cm), while the roots are more than 100 
cm long 146. The culms reach a diameter of 1–4 cm and are commonly branched in plantations that are two years old or 
more. They are upright, stout, hollow, with walls 2–7 mm thick and divided by partitions at the nodes. The nodes vary 
in length reaching up to 30 cm. The outer tissue of the stem is of a siliceous nature, very hard and brittle with a smooth 
glossy surface that turns plain golden yellow when the culm is fully mature147. In each node, an elongated, heart-based, 
smooth, cauline, membrane 30–70 cm long and 5–8 cm broad leaf is attached with flat blades and tufts of hair at the 
base. Inflorescences appear between August to November but not all shoots tower in the same year. The terminal 
inflorescences are single, 30–60 cm long with scabrous branches, feathery with silky hairs. The spikelets are 8–16 cm 
long and lanceolate. Each spikelet contains 2–7 towers. The florets are all bisexual except the reduced uppermost one. 
It is reported that Arundo donax is an asexual reproductive species, due to seed sterility, caused by the failure of the 
megaspore mother cell to divide 148. In experiments conducted in India, although viable seeds were produced in large 
numbers, no seedlings were observed in the field because of allelopathy that prevents germination.

Ecology

Giant reed tolerates a wide variety of ecological conditions. It prefers well-drained soils with abundant soil moisture. It 
can grow in all types of soils, from heavy clays to sand and gravelly soils and tolerates soils of low quality, such as saline 
ones, too. Giant reed is classified as a Mesophyte or almost a Hydrophyte or Xerophyte. These classifications were given 
because it can survive just as well under very wet as under dry conditions for long periods. It is commonly referred as 
a drought resistant species because of its ability to tolerate extended periods of severe drought accompanied by low 
atmospheric humidity. This ability is attributed to the development of coarse drought-resistant rhizomes and deeply 
penetrating roots that reach deep-seated sources of water.

Temperature 

Arundo donax is a warm-temperate or subtropical species, but it can survive frost. When frosts occur after the initiation 
of spring growth it is subject to serious damage.

Yields

The potential productivity of giant reed can reach up to 100 t fresh matter per hectare per year in the second or third 
growing period under optimal conditions in a warm climate with sufficient irrigation 149. Yields reported in Spain showed 
45.9 tonne dry matter per hectare on average, ranging from 29.6 to 63.1 tonnes 150. In Greece, the recorded average dry 
matter yields, estimated from 40 giant reed populations, for the first, second third and fourth growing periods were 
15, 20, 30 and 39 t/ha, respectively, on irrigated plots. Stems constituted the largest part of the harvested material and 
amounted, on average, for 67%, 87%, 83% and 86% of the dry matter, for the first, second, third and fourth growing 
periods, respectively. The results show increasing yields from the first to the third year. From the third year onwards, 
stable, increasing and decreasing yields have been measured, so no clear conclusion can be drawn on when the maximum 
yields of giant reed are achieved. Because high yields have been obtained from unimproved wild populations and by 
using conventional cultivation methods, future breeding efforts and optimized production methods will probably lead to 
an increase in biomass yields from giant reed.

Quality characteristics

The calorific value of different aerial parts of several Arundo donax populations grown in Greece, ranged from 17.3 to 
18.8 MJ (stem) and 14.8 to 18.2 MJ/kg dry matter (leaves), depending on the population and the growing periods. Leaf 
samples of plants grown without irrigation had statistically higher calorific value (17.2 MJ/kg dry matter) in comparison 

146 Sharma KP, Kushwaha SPS, Gopal B. A comparative study of stand structure and standing crops of two wetland species, Arundo donax and Phragmites karka, and 
primary production in Arundo donax with observations on the effect of clipping. Tropical Ecology 1998;39(1):39.

147 Duke JA. Handbook of energy crops. https://hort.purdue.edu/newcrop/duke energy/arundo donax, 1983.
148 Bhanwra RK, Choda SP, Kumar S. Comparative embryology of some grasses. Proceedings of the Indian National Science Academy 1982;48(1):152–62.
149 Shatalov AA, Pereira H. Arundo donax L. (giant reed) as a source of fibres for paper industry: perspectives for modern ecologically friendly pulping technologies. 

In: Kyritsis S, Beenackers AACM, Helm P, Grassi A, Chiaramonti D, editors. Biomass for Energy and Industry: Proceeding of the First World Conference, Sevilla, 
Spain, 5–9 June 2000. London: James & James (Science Publishers) Ltd., 2001. p. 1183–6.

150 Hidalgo M, Fernandez J. Biomass production of ten populations of giant reed (Arundo donax L.) under the environmental conditions of Madrid (Spain). In: Kyritsis 
S, Beenackers AACM, Helm P, Grassi A, Chiaramonti D, editors. Biomass for Energy and Industry: Proceeding of the First World Conference, Sevilla, Spain, 5–9 June 
2000. London: James & James (Science Publishers) Ltd., 2001. p. 1881–4.

https://hort.purdue.edu/newcrop
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to the irrigated treatments (16.1 MJ/kg dry matter). Due to lower ash content of the biomass, irrigation slightly increased 
the contents of volatiles in stems, too, ranging from 75% to 77% of dry matter. Depending upon the population and the 
growing period, the contents of ash and fixed carbon contents ranged from 4.8% to 7.4% and 17.7% to 19.4% of dry 
matter, respectively151. Apart from the physical attributes of stems the high measured values for ash should be attributed 
to the contribution of sheath as well as sample contamination by soil, which raises the ash content. At the February 
harvest the N content in stems ranged from 0.2% to 0.4% and reached 1% of dry matter in the leaves.

Crop management
Establishment	

The establishment period is the most critical point of giant reed cultivation and has major influences on productivity 
and economic viability. The two, main factors determining establishment success and costs are the propagation material 
and the planting density. Due to seed sterility, giant reed must be propagated vegetatively. Preliminary tests on the 
ability of this grass to be micro propagated showed satisfactory results, though micro propagated plantlets have not 
yet been planted in the field. Planting of rhizomes, whole stems and stem cuttings have been tested, but appropriate 
machinery for this operation is not yet available 152, 153. In the tests done so far, rhizome establishment has turned out 
to be the most promising. The planting of large rhizome pieces with well-developed buds directly into the field early in 
spring in southern European areas succeeded in attaining establishment rates of nearly 100%. The main drawback of 
propagation via rhizomes are the higher costs compared with stem cuttings and whole stem planting because of the lack 
of mechanization. Furthermore, stem cuttings and whole stems are easier to handle. Although the sprouting capacity of 
whole stems was good, they failed to form dense stands, resulting in low biomass yields. However, these trials showed 
that adapting harvest time, selecting the appropriate shoot size and portion (along the whole shoot) and handling of 
the shoots might improve their sprouting capacity and the results of establishing stem cuttings or whole shoots. Further 
investigations are strongly recommended.

For a comparison of the two plant densities of 25,000 plants/ha (50 cm × 80 cm) and 12,500 plants/ha (100 cm × 80 cm), 
it turned out that the lower planting density resulted in taller and thicker stems due to less competition for nutrients and 
light. The lower planting density was also more productive than the higher one in the 3rst two growing periods and can 
therefore be recommended as more economically viable.

Irrigation	

Giant reed has been reported to grow without irrigation under semi-arid southern Europe 154. Several irrigation rates 
have been applied. The irrigation applied for I0 ranged from 44 to 108 mm (applied only for fertilization purposes), I1 
ranged from 459 to 800 mm and I2 ranged from 869 to 1404 mm, depending on the year.

In general, irrigation had a considerable effect on growth and biomass production since the plant used effectively any 
possible amount of water. The irrigated plants formed denser stands and higher yields 155. Total dry matter yield in the I0 
treatment was constant at about 19 t/ha over three growing periods, which may indicate that these are the maximum 
yields to be anticipated under water-limited conditions. It was also observed that the highly irrigated giant reed plants 
reached their peak of productivity after the second growing period. The lack of statistically significant differences between 
the moderate and the high irrigation rates may lead to the conclusion that it is more economical and environmentally 
favorable to grow giant reed under moderate irrigation.

151 Christou M, Mardikis M, Alexopoulou E. Propagation material and plant density eAects on the Arundo donax yields. In: Kyritsis S, Beenackers AACM, Helm P, Grassi 
A, Chiaramonti D, editors. Biomass for Energy and Industry: Proceeding of the First World Conference, Sevilla, Spain, 5–9 June 2000. London: James & James (Sci-
ence Publishers) Ltd., 2001. p. 1622–8.

152 Pari L. First trials on Arundo donax and miscanthus rhizomes harvesting. In: Chartier P, Ferrero GL, Henius UM, Hultberg S, Sachau J, Wiinblad M, Chartier P, edi-
tors. Biomass for Energy and the Environment: Proceedings of the Ninth European Bioenergy Conference, Copenhagen, Denmark, 24 –27 June 1996. New York: 
Pergamon, 1996. p. 889–94.

153 Vecchiet M, Jodice R, Pari L, Schenone G. Techniques and costs in the production of Giant reed (Arundo donax L.) rhizomes. In: Chartier P, Ferrero GL, Henius UM, 
Hultberg S, Sachau J, Wiinblad M, Chartier P, editors. Biomass for Energy and the Environment: Proceedings of the Ninth European Bioenergy Conference, Copen-
hagen, Denmark, 24 –27 June 1996. New York: Pergamon, 1996. p. 654–9.

154 Rezk MR, Edany TY. Comparative responses of two reed species to water table levels. Egyptian Journal of Botany 1979;22(2):157–72.
155 Christou M, Mardikis M, Alexopoulou E. Research on the effect of irrigation and nitrogen upon growth and yields of Arundo donax L. in Greece. Aspects of Applied 

Biology, vol. 65, Biomass and energy crops, 2001. p. 47-55.
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Fertilizers

Before establishing the plantation a sufficient amount of K and P should be applied if the nutrient status of the soil 
is poor. In the “Giant Reed Network” project, the yield effect of two nitrogen fertilization levels (40 and 120 kg N per 
hectare) was tested. The highly fertilized plots only yielded approximately one tonne dry matter per hectare more, 
an increase which was not significant. This led to the conclusion that moderate nitrogen fertilization of giant reed is 
favorable for both economic and environmental reasons.

Weeds		

Due to its large leaf mass and high growth rates giant reed does not face significant weed competition from the second 
year on. For safe establishment, however, herbicide application is recommended for the first year. Giant reed is a highly 
pest resistant crop, and so far, only two pests have been reported. Giant reed is an alternative host plant for Zyginidia 
quyumi in Pakistan156. During early growth stages new shoots are in a succulent condition and may be attacked by Sesamia 
spp. and die. However, new sprouts emerging from the rhizome buds soon replaced the attacked ones.

Harvesting	

Giant reed can be harvested each year or every second year, depending on its use. Two harvests per growing period are 
feasible, but repeated clipping did not sustain high growth rates and total production declined. In southern Europe late 
winter harvest is recommended to attain a reduction in the moisture content of the stems.

Paulownia 
Origin

Paulownia is a deciduous tree in the family Paulowniaceae, native to central and western China. Paulownia is an extremely 
fast-growing tree157, and is a persistent exotic invasive in North America.  It “is a small to medium sized tree in the figwort 
family (Scrophulariaceae) that may reach 9-18 metres in height. The bark is rough, grey-brown, and interlaced with 
shiny, smooth areas. Stems are olive-brown to dark brown, hairy, and markedly flattened at the nodes. Leaves are large, 
broadly oval to heart-shaped, or sometimes shallowly three-lobed, and noticeably hairy on the lower leaf surfaces. They 
are arranged in pairs along the stem. Conspicuous, upright clusters of showy, pale violet, fragrant flowers open in the 
spring. The fruit is a dry brown capsule with four compartments that may contain several thousand tiny winged seeds. 
Capsules mature in autumn when they open to release the seeds and then remain attached all winter, providing a handy 
identification aid.”

Physiology

Paulownia sp. is an extremely fast-growing158, deciduous tree species that is propagated vegetatively and is tolerant 
of different soil and climate conditions. Due to their high capacity to assimilate nutrients from the soil, Paulownia 
sp. plantations, under intensive agricultural practices, may potentially affect the soil microbial community and its 
functionality. 

Ecology

Paulownia grows rapidly in disturbed natural areas, including forests, stream banks, and steep rocky slopes. Naturally 
seeded or planted, P. tomentosa survives and grows best on moist, well-drained soils of steep slopes or open valleys, 
but it will germinate and grow on almost any moist, bare soil. A highly adaptable ‘escapee’ such as P. tomentosa is 
found in many sites, soil, and forest type conditions, including soils commonly found in the order Alfisols. Like most 
pioneer species, P. tomentosa needs bare soil, sufficient moisture, and direct sunlight for good seedling establishment. 
Seedlings are very intolerant of shade. The ability of P. tomentosa to survive, grow, and reproduce on such harsh, 

156 Ahmed M, Jabbar A, Samad K. Ecology and behaviour of Zyginidia quyumi (Typhlocybinae: Cicadelidae) in Pakistan. Pakistan Journal of Zoology 1977;9(1):79–85.
157 Rodriguez-Pleguezuelo, C.R., Duran-Zuazo, V.H., Bielders, C., Jimenez-Bocanegra, J.A., Perea-Torres, F., Francia Martinez, J.R., 2015. Bioenergy farming using woody 

crops. A review. Agron. Sustain. Dev. 35, 95–119.
158 Rodriguez-Pleguezuelo, C.R., Duran-Zuazo, V.H., Bielders, C., Jimenez-Bocanegra, J.A., Perea-Torres, F., Francia Martinez, J.R., 2015. Bioenergy farming using woody 

crops. A review. Agron. Sustain. Dev. 35, 95–119.
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exposed sites, however, has made it a favourite for re-vegetating surface mine areas. The tree thrives on dry southern 
aspects, even though it generally has a shallow root system.” The Southeast Exotic Pest Plant Council (Undated) reports 
that P. tomentosa “tolerates high soil acidity, drought, and low soil fertility.”

Temperature 

Paulownia can adapt to a wide range of temperatures. Generally, Paulownia species grow up to 2000m. The development 
starts in the spring, when the soil temperature reaches 15-16оС. Intensive cultivation of Paulownia is optimal up to 700-
800m and the optimal temperatures suitable for maximal growth are in the range of 24-33оC.

Yields

Recent research reports that biomass yields from two-year-old paulownia trees in short-rotation management 
with high planting densities range between 7.2-14.0 t/ha dry matter at Villanueva del Río y Minas, Sevilla province, 
depending on clones159. Good adaptability and yields have also been reported in trials in Albania160 and Serbia161.

Crop management

Paulownia is highly adaptive species and grows well on many types of soils162. Most appropriate and recommended 
are light, well drained and sandy soils with or without slopes. Most recommended are deep well drained soils with pH 
from 5.0 to 8.9. Avoid clay, rocky and soaked soils. Soils that are consisted from over 25% of clay and porosity under 
50% are not recommended for Paulownia. Paulownia does not tolerate salinity over 1%. Young Paulownia plants 
develop well, when the soil depth is at least 1.5-2.0 meters.

Establishment	

The field requires deep ploughed (35-40 cm) and rotary cultivations. Basic fertilizer application (N:P:K 14:10:20 or 
12:10:18) is certainly recommended. Planting seedlings is done in straight lines, with 4m between plants, in the row. 
Spring is the ideal time to plant after the last frost, so the plant forms a vigorous root growth all through spring, summer 
and autumn. In November, once with the first signs of frost, Paulownia enters the vegetative phase of growth, its leaves 
will be dried out and the whole stem will be cut at the base. Although this is a drastic measure (the plant shall have 
4 m in height at the time), it is imperative to follow it as it is intended to force the plant roots growing. This will help 
plant to feed itself in the following spring, its roots being able to reach the groundwater system. Maintaining a moist 
environment during germination and initial seedling development is important. The recommended method of watering 
is drip irrigation, with a network of drip irrigation lines. In the following years, after the root system development, the 
quantity of water may decrease, and the crop irrigation being required only in very dry periods;

Fertilizers	

Paulownia is tolerant to poor soils and could reach acceptable dimensions for the stem diameter. Paulownia though, 
grows much better in fertile soils. Basic fertilizer application (N:P:K 14:10:20 or 12:10:18) is recommended before plat 
establishment. Following each rotation and harvest, monitoring of soil nutrients and additional fertilising is recommended.

Weeds	

The soil must be cleared of existing weeds by weeding hoes or using herbicides. It is very important to keep the soil clean 
of weeds, especially in the first year of vegetation (due to competition for water resources and nutrients). If the soil is 
clean, a superficial weeding (2-5 cm) applied monthly is enough.

Harvesting	

Harvesting trees is done thereafter every 3-4 years, depending on the climate. Trees will be cut down to ground level and 
another tree will grow from the same root system. The process can be repeated many times during the life spans, and a 
healthy Paulownia can live between 80 to 100 years.

159 Juan Antonio Jiménez Bocanegra et al.. Biomass Yield Potential of Paulownia Trees in a Semi-Arid Mediterranean Environment (S Spain). International Journal of 
Renewable Energy Research. Vol.3, No.4, 2013

160 Icka, P., Damo, R. and E. Icka. Paulownia Tormentosa, a fast grwoing Timber. 2016. DOI: 10.1515/agr-2016-0003
161 http://www.paulownia.rs/ 
162 López F, Pérez A, Zamudio MAM, De Alva HE, García JC. Paulownia as raw material for solid biofuel and cellulose pulp. Biomass Bioenergy 2012;45:77–86. http://

dx.doi.org/10.1016/j.biombioe.2012.05.010.

http://www.paulownia.rs/
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Recommendations for a policy framework on 
energy crops in Serbia

Introduction

Energy crops can offer a significant outlet for Serbia’s transition to a low carbon energy future and increase the share 
of renewables to the national energy consumption. In addition, when such crops are grown in abandoned and marginal 
lands the foreseen benefits extend beyond the energy sector and provide sustainable solutions for:

•	 environmental problems related to land degradation, soil erosion and water pollution, and 

•	 farming and rural development in Serbian regions with subsequent increase in green jobs and improvement of 
quality of life.

The aim of this report is to provide recommendations for a policy framework on energy crops in Serbia. This is expected 
to facilitate business opportunities for investors and municipalities with abandoned and marginal land, which can be 
used to grow crops for bioenergy/biogas. The policy framework is analyzed in three sections: 

•	 Policy aim and justification: why develop a policy mechanism for energy crops in abandoned/marginal land?

•	 Analysis and direction setting: what is the current state and potential for energy crops in Serbia and insights into 
the pros and cons (SWOT) of different utilization chains. 

•	 Policy framework design: This section provides suggestions on targeted policy interventions for energy crops in 
abandoned/marginal land in Serbia. It includes evidence for the following questions:

o What type of policy mechanisms can be introduced? 

o Why are these instruments selected? 

o What will they achieve? 

o To which specific barrier/gaps/challenges are they targeted? 

o What is their added value compared to existing support measures?

Examples from similar operational mechanisms in other countries are also included.
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Policy aim and justification

This section defines the key issues under consideration for energy crops in abandoned/marginal land, justifies the need 
for government intervention and shortly describes the policy objectives and intended effects.

Which are the key issues under consideration for energy crops in abandoned/marginal land?

•	 Develop capacities and infrastructure to facilitate the restoration of abandoned/marginal land to productive 
agricultural systems with sustainable management practices.

•	 Provide incentives to land owners, farmers and foresters to use abandoned/marginal land for energy crops.

•	 Refine data and information to facilitate informed and transparent decision making.

•	 Improve knowledge and public awareness for energy crops in abandoned/marginal land.

•	 Provide a reliable policy framework for investors, municipalities and key stakeholders.

Why is the government intervention necessary?

•	 Biomass is expected to make a major contribution to future low carbon energy in Serbia.

•	 There is a high share of abandoned and marginal land which remains unexploited. FAO reports that 1.6 million ha 
(or 32% of agricultural land) was left unused in 2014. 

•	 Local authorities are looking for opportunities to boost rural income, reduce local immigration to cities and create 
jobs in their regions.

•	 Energy crops can offer attractive solutions both for crop diversification and energy generation.

•	 Plantations for energy purposes in Serbia are not regulated by a separate law, so 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 ligno-cellulose energy crops.

•	 There is lack of legislation to regulate sustainable development of energy crops in marginal land and provide financial 
support for their establishment and annual operation.

•	 There is low development of cooperation between ministries of energy and agriculture, which prohibits the 
implementation of the sustainable financial mechanisms for supporting private sector biomass projects.

•	 Policy makers thus need to consider how to formulate a reliable, long term policy framework that will combine the 
use of unproductive land for sustainable energy crop value chains at local level. 

What are the policy objectives and intended effects?

The aim of the policy framework for energy crops in abandoned/marginal land in Serbia is to: 

•	 Develop infrastructure for marginal and abandoned land.

•	 Facilitate the use of energy crops (with emphasis in perennial species and sorghum).
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•	 Reinforce cogeneration.

•	 Improve knowledge and social acceptance for energy crops by steering focus towards the use of low quality land 
systems and abandoned land types (for use in existing and new energy plants). 

What evidence does this report provide to inform the suggested future policy interventions?

•	 Overview of recently estimated potential for energy crops in Serbia and recommendations for suitable bioenergy/
biogas value chains.

•	 Insights into the pros and cons (SWOT) of different utilization chains. 

•	 Policy interventions for energy crops in abandoned/marginal land types. 

•	 Policy interventions that can facilitate the uptake of energy crops for energy.

•	 Sharing practices from other countries and incorporating them in integrated policy approaches (addressing biomass 
competition and sustainability issues).

Analysis and direction setting

Land availability and energy crops 

Recently, the S2Biom project163 estimated low quality land availability in Serbia.

Figure 5: Low quality land (in 1 ,000 ha) that can be used for energy crops in Serbia.

These estimates were further used to assess the potential for energy crops suitable to the agro-ecological environment 
of Serbia. The work provided detailed model estimates per crop and region for miscanthus, switchgrass and reed canary 
grass. The estimated sustainable potential164 for these crops in low quality land can reach up to 1.4m dry tonnes/year, as 
shown in Figure 6.

163 www.s2biom.eu 
164 The sustainable technical potential, considered agreed sustainability standards in CAP (Common Agricultural Policy) for agricultural farming practices and land 

management. This also includes the consideration of legal restrictions such as restrictions from management plans in protected areas and sustainability restric-
tions from current legislation. Further restrictions resulting from RED (Renewable Energy Directive) and CAP are considered as restrictions in the base potential 
as well. CAP sustainable agricultural farming practices include applying conservation of Soil Organic Carbon (SOC) (e.g. Cross Compliance issues of ‘maintaining 
agricultural land in good farming and management condition’ and avoiding soil erosion).  

Š

Š

http://www.s2biom.eu
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Figure 6: Estimated annual sustainable165 biomass potential (in ,000 tonnes dry biomass) for perennial energy crops 
in Serbia (source: S2Biom project). 

Potential value chains 
This section provides an overview of potential value chains166 for energy crops grown in abandoned/marginal land in 
Serbia and gives insights into their strengths/opportunities and weaknesses/threats (SWOT). It focuses on combustion 
and anaerobic co-digestion of manure and sorghum for heat and CHP applications.

Table 6: Selected value chains 

Value chains Baseline comparison Current (competing) uses

Small scale heating (household level) Heating oil burner
Landscape biodiversity,  
land for food cropsCombustion medium scale, heat driven (apartment building, district heating, public 

buildings, industry)
Natural gas combustion

Anaerobic co-digestion (micro – on-farm) of manure/sorghum and CHP Natural gas combustion

Composting

Anaerobic co-digestion (medium scale) of manure/sorghum and CHP Natural gas

Small	scale	combustion	(households)	of	energy	crop	pellets

Small scale heating includes stoves and boilers at household level (typically up to 25kW). The value chain is presented 
schematically in the following figure:

Straw Pretreatment
- pelletising Combustion HeatBaling & transport Straw pellets 

Figure 7: Schematic representation of the value chain “Small scale combustion (households) of energy crop pellets”

165 Maintenance of at least 10% of arable land share in fallow and no use of irrigation in cropping.
166 Data and information across this section has been adapted from: i) Manshoven, S., Pelkmans, L., Panoutsou, C. and B. Elbersen. 2017. Profiles of the selected na-

tional biomass value chains. Deliverable 2.7 of the Biomass Policies project. Available online at: www.biomasspolicies.eu and ii) Pelkmans, L., Guisson, R., Elbersen 
B. and C. Panoutsou. 2016. SWOT analysis of biomass value chains. Deliverable 2.4 of the Biomass Policies project. Available online at: www.biomasspolicies.eu 

Baling and transport

http://www.biomasspolicies.eu
http://www.biomasspolicies.eu
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Quantitative input and output data on the production straw pellets (baling, transport and pelletisation) were taken 
from JRC (2014)167. The conversion efficiency of the small-scale combustion process was assumed to be 80% (heat only). 
Mind that when using straw in small scale combustion, this may result in problems with ash lumping and slag formation.

Table 7: (Semi-)quantitative assessment of the indicators for the value chain “Small scale combustion 
(households) of energy crop (pellets)”

Criteria Indicator Indicator 
value Comment

Effi
cie

nt
 U

se
 of

 re
so

ur
ce

s Energy efficiency

Cumulative energy demand 
(GJ inputs/GJ outputs)

1.39 GJ/GJ Heat in buildings is not always efficiently used (linked to the energy 
performance of the building).

Non-renewable energy 
requirement 
(GJ non-renewable inputs/GJ outputs)

0.089 GJ/GJ Diesel used in transport and baling, electricity used in pellet mill.

Functionality
Output service quality 
(€ outputs- € inputs (excl.biomass), per 
dry tonne of biomass input)

170 €/ton d.m. Heat

Land use 
productivity

Bio-energy and bioproducts per ha +
This results in a higher harvest of biomass (products and energy) per 
hectare of land

Ec
os

ys
te

m
 as

pe
cts

Climate change

GHG reduction, compared to reference 
(%)

88% FFC: heat (SWD(2014) 259); Low fossil input in the chain

GHG related to ILUC -/0 Possible land use change

Carbon stock change n/c

Biodiversity
Biodiversity conservation and 
management

-/0
Biodiversity loss when harvesting too many crop residues. This may also 
have adverse effect on soil biodiversity.

Soil

Erosion -/0 Risk on erosion when removing stubbles.

Soil organic carbon -/0 Risk to loose soil organic carbon when overharvesting crop residues.

Soil nutrient balance -/0 Risk to loose nutrients when overharvesting.

Water Water availability n/a Indirect link to water use.

Air quality

Acidification (SO2-emissions)

Particulate emissions (PM10) -
Even in new stoves/boilers PM emissions are still higher than the fossil 
alternative. For straw this can be a particular problem. 

167    JRC (2014). Solid and gaseous bioenergy pathways: input values and GHG emissions. Report EUR 26696 EN.
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Bu
sin

es
s c

as
e a

nd
 M

ar
ke

ts

Costs

Levelised life cycle cost, based on 
CAPEX and OPEX (incl. feedstock cost), 
expressed in relation to the 
output of energy carriers 
(€/GJ energy carriers)

18 €/MJ
Small scale biomass combustion is generally cheaper than fossil fuels. 
Mind that potentially higher cost of straw burners is not taken into 
account.

Future prospects of life cycle 
production costs

n/c

Markets

Business case for biomass 
mobilisation

+/0
Straw markets exist. Cereal straw harvesting is common practice. Stover/
stubbles are difficult to harvest and no common practice.

Market size + Large amount of consumers

Technological maturity (TRL) 9 Fully commercial, long experience

Non-fossil alternatives + Biomass is the most important non-fossil alternative for heat production.

Competing biomass pathways -/0 There are competing markets for animal bedding (in case of straw).

System versatility
Flexibility and controllability

Flexibility to harvest crop residues or leave them on the field.
Energy security

So
cio

-e
co

no
m

ic 
as

pe
cts Job creation

FTE along the full value chain FTE/MWth 3

FTE in the biomass consuming region n/c

Local economy

Contribution to rural economy + Positive impacts from local/onsite biomass supply opportunities

Local embedding – proximity to 
markets

+ Positive impact from using heat close to source; e.g agro- industry, etc.

n/a: not applicable; n/c: not considered within the frame of the assessment

Medium	scale	combustion	(+CHP)	of	energy	crop	pellets

Medium scale combustion (industry level) ranges from a few hundred kW up to a few MW. They are mainly heat driven. 
The value chain is presented schematically in the following figure:

Straw Pretreatment
    - pelletising Combustion

Electricity

Heat

Baling & transport Straw pellets 
(at plant gate)

Figure 8: Schematic representation of the value chain “Medium scale combustion (+CHP) of energy crop pellets”

Baling and transport
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Typical fields of applications are CHP plants in district heating systems as well as industries with a high process heat 
demand.

Table 8: (Semi-)quantitative assessment of the indicators for the value chain  
“Medium scale combustion (+CHP) of straw (pellets)”

Criteria Indicator Indicator value Comment

Effi
cie

nt
 U

se
 of

 re
so

ur
ce

s Energy efficiency

Cumulative energy demand 
(GJ inputs/GJ outputs)

1.31 GJ/GJ 65-85% efficiency for CHP installations; 85% was assumed in the 
calculation.

Non-renewable energy 
requirement 
(GJ non-renewable inputs/GJ outputs)

0.084 GJ/GJ Diesel used in transport and baling, electricity used in pellet mill.

Functionality
Output service quality 
(€ outputs- € inputs (excl.biomass), per 
dry tonne of biomass input)

253 €/ton d.m. In case of CHP, also higher value electricity output is generated (next to the 
base heat production which has a rather low value).

Land use productivity Bio-energy and bioproducts per ha + This results in a higher harvest of biomass (products and energy) per hectare 
of land.

Ec
os

ys
te

m
 as

pe
cts

Climate change

GHG reduction, compared to 
reference (%)

92% FFC as equivalent amount of combined heat and electricity from SWD(2014) 
259; low input of fossil fuels.

GHG related to ILUC -/0 Possible land use change.

Carbon stock change n/c

Biodiversity

Conservation high biodiverse land

Biodiversity conservation and 
management

-/0
Biodiversity loss when harvesting too many crop residues. This may also 
have adverse effect on soil biodiversity.

Soil

Erosion -/0 Risk on erosion when removing stubbles.

Soil organic carbon -/0 Risk to loose soil organic carbon when overharvesting crop residues.

Soil nutrient balance -/0 Risk to loose nutrients when overharvesting.

Water

Water availability and regional water 
stress

0
No link to water use.
If removal leads to increased fertilisation the leaching on N to water may 
increase.

Water use efficiency 0

Water quality 0/-

Air quality

Acidification (SO2-emissions)

Particulate emissions (PM10) -
Better control options for PM emissions compared to small scale 
installations, but still higher PM emissions than natural gas combustion.
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Criteria Indicator Indicator value Comment

Bu
sin

es
s c

as
e a

nd
 M

ar
ke

ts

Costs

Levelised life cycle cost, based on 
CAPEX and OPEX (incl. feedstock cost), 
expressed in relation to the output 
of energy carriers (€/GJ energy 
carriers)

20 €/GJ

Opportunities may arise when there is a full year industrial heat 
demand. In case of industrial residues very good business case if 
these are used by the industry itself. More difficult for heating of 
buildings (seasonal demand). If district heating network needs to 
be built this creates substantial extra cost.

Future prospects of life cycle 
production costs

n/c

Markets

Business case for biomass mobilisation +
Straw markets exist. Cereal straw harvesting is common practice. 
Stover/stubbles are difficult to harvest and no common practice.

Market size 0/-
Limited by industrial heat demand (preferably close to the 
feedstock source) and by the presence of district heating.

Technological maturity (TRL) 9 Fully commercial.

Non-fossil alternatives +
Biomass is the most important non-fossil alternative for heat 
production.

Competing biomass pathways -/0
There are competing markets for animal bedding (in case of 
straw).

System versatility
Flexibility and controllability

Flexibility to harvest crop residues or leave them on the field.
Energy security

So
cio

-e
co

no
m

ic 
as

pe
cts Job creation

FTE along the full value chain FTE/MWth 3.8

FTE in the biomass consuming region n/c

Local economy

Contribution to rural economy + Positive impacts from local/onsite biomass supply opportunities.

Local embedding – proximity to 
markets

+
Positive impact from using heat close to source; e.g agro- industry, 
etc.

n/a: not applicable; n/c: not considered within the frame of the assessment

Quantitative input and output data on the production of energy crop pellets (baling, transport and pelletising) were 
taken from JRC (2014)168. The conversion efficiency of the medium scale CHP was assumed to be 31% electricity and 54% 
heat (VITO, 2015)169.

Small	scale	(micro)	co-	digestion	of	liquid	manure	and	sorghum

Anaerobic digestion is a collection of processes by which microorganisms break down biodegradable material in the 
absence of oxygen into ‘biogas’, with a digestate as co-product which can still be used as organic fertilizer. Liquid manure 
can be digested at small scale (farm level), followed by CHP. The application is generally electricity driven. The value 
chain is presented schematically in the following figure:

168  JRC (2014). Solid and gaseous bioenergy pathways: input values and GHG emissions. Report EUR 26696 EN.
169  VITO (2015). Inventaris warmte-krachtkoppeling Vlaanderen 1990-2014.
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Figure 9: Schematic representation of the value chain “Small scale (micro) co-digestion of liquid  
manure and sorghum”

Quantitative input and output data on the transport and digestion of liquid manure were taken from JRC (2014). The 
conversion efficiency of a small-scale digester was assumed to be 42%, with a gross electrical efficiency of the CHP of 
36% (minus 1% internal use) (JRC, 2014). A thermal efficiency of 20% was assumed (of which 55% is used internally in 
the digestion process). The digestate was assumed to be stored in a closed tank, with recovery of the biogas released 
during storage. Market value of digestate was taken from WRAP170. The results of the indicator assessment are presented 
in the following table.

Table 9. (Semi-)quantitative assessment of the indicators for the value chain  
“Small scale (micro) co-digestion of liquid manure and sorghum”

Criteria Indicator Indicator 
value Comment

Effi
cie

nt
 U

se
 of

 re
so

ur
ce

s Energy efficiency

Cumulative energy demand 
(GJ inputs/GJ outputs)

2.55 GJ/GJ

Focus usually on electricity, modest energy efficiency. Large part of heat needed 
to maintain digester temperature (38°C) => ca. 50-65% of produced heat 
on yearly basis, heat demand higher in winter then in summer, limiting heat 
availability for on-farm processes.

Non-renewable energy 
requirement 
(GJ non-renewable inputs/GJ outputs)

0 GJ/GJ No transport assumed, electricity and heat for disgestion come from process 
itself, no non-renewable inputs.

Functionality
Output service quality 
(€ outputs- € inputs (excl. biomass), per 
dry tonne of biomass input)

171 €/ton d.m.

Value of electricity is higher than heat; on-site electricity demand driven; 
constant on-farm electricity demand increases avoided energy costs. Irregular 
on-farm electricity demand reduces avoided energy cost, due to unbalanced 
production-consumption of electricity.

Land use 
productivity

Bio-energy and bioproducts per ha +
This results in a higher harvest of biomass (products and energy) per hectare of 
land.

170  http://www.wrap.org.uk/content/compost-calculator 

http://www.wrap.org.uk/content/compost-calculator
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Ec
os

ys
te

m
 as

pe
cts

Climate change

GHG reduction, compared to reference 
(%)

223% FFC for electricity from SWD(2014) 259; Next to replacing fossil fuels, methane 
emissions of manure storage avoided. Potential methane slip.

GHG related to ILUC -/0 Possible land use change.

Carbon stock change n/c

Biodiversity
Biodiversity conservation and 
management

0
Extracting energy from manure has no direct impact on biodiversity. (In general 
the use of manure as fertilizer can have impact on biodiversity)

Soil

Erosion 0 No link to erosion.

Soil organic carbon
- When digestate is used as fertilizer instead of liquid manure, the carbon content 

is reduced.

Soil nutrient balance 0 Digestate can still be used as fertilizer.

Criteria Indicator Indicator value Comment

Water

Water availability and regional water 
stress

-/0 Possible water stress as sorghum may need irrigation.

Water quality 0/+ May reduce N-surplus and N-leaching if manure/dried digestate is exported.

Air quality
Acidification (SO2-emissions) -

Gas engine. Emission performance of small scale engine worse than larger scale.
Particulate emissions (PM10) -

Bu
sin

es
s c

as
e a

nd
 M

ar
ke

ts

Costs

Levelised life cycle cost, based on 
CAPEX and OPEX (incl. feedstock cost), 
expressed in relation to the output of 
energy carriers (€/GJ energy carriers)

33 €/GJ

Limited labour hours to operate the installations; mainly digestion of 100% 
manure (no co-products); lower investment cost per kWe installed than large 
scale; positive business case results with cow manure. Business case depends 
on subsidies for large stables, with enough own manure available (min ca. 5 
kton/y); additional digestate storage needed; continuous fresh manure flow to 
digester needed; currently only positive business case results with cow manure.

Future prospects of life cycle production 
costs

n/c

Markets

Business case for biomass mobilisation +/0
High availability in regions with high livestock density. High moisture content, 
so transport is an issue.

Market size +/-
On-site electricity and heat demand avoided; electricity markets. Heat use 
limited to local (on-site) heat demand.

Technological maturity (TRL) 8 (Early) commercial - various installations running.

Non-fossil alternatives +/0
On-farm heat production. Various other renewable alternatives to produce 
electricity.

Competing biomass pathways +/-
Especially in regions with excess of manure, energy production from manure can 
complement manure treatment. Competition with use as fertilizer (especially in 
regions with shortage of manure)

System versatility

Flexibility and controllability + Flexibility to exchange liquid manure and digestate as fertilizer. Co-digestion of 
other on-farm organic residues is possible; small and simple biogas installations 
on farm scale (mainly 10 kWe (micro) - max 200 kWe (pocket)) relatively easy to 
integrate other manure treatment systems.

Energy security
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So
cio

-e
co

no
m

ic 
as

pe
cts Job creation

FTE along the full value chain FTE/MWth 1

FTE in the biomass consuming region n/c

Local economy

Contribution to rural economy + Positive impacts from using liquid manure

Local embedding – proximity to 
markets

+ Positive impact from using heat close to source; e.g agro- industry, etc.

n/a: not applicable; n/c: not considered within the frame of the assessment

Anaerobic	co-digestion	(medium	scale	CHP)	of	liquid	manure	and	sorghum

Anaerobic digestion is a collection of processes by which microorganisms break down biodegradable material in the 
absence of oxygen into ‘biogas’, with a digestate as co-product which can still be used as organic fertilizer. In this 
application the biogas will be used to produce electricity and/or heat in a local CHP (gas engine). Some cleaning of the 
biogas will be needed before entering the engine. Various feedstock types can be digested. Co-digestion is often applied 
(especially with manure) to find a good balance between installation capacity and biogas yield.

The value chain is presented schematically in the following figure: 

Figure 10: Schematic representation of the value chain “Anaerobic co-digestion (medium scale CHP)  
of liquid manure and sorghum”

The results of the indicator assessment are presented in the following table.
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Table 10: (Semi-)quantitative assessment of the indicators for the value chain “Anaerobic co-digestion (medium 
scale CHP) of liquid manure and sorghum”

Criteria Indicator Indicator 
value Comment

Effi
cie

nt
 U

se
 of

 re
so

ur
ce

s

Energy efficiency

Cumulative energy demand 
(GJ inputs/GJ outputs)

2.10 GJ/GJ

Starting from the gas, relatively high energy efficiency can be reached, 
depending on heat only (75-90%) or CHP installations (25-30% electricity, 55% 
heat efficiency). When electricity driven, overall efficiency is lower (30-38%); a 
considerable part of the heat is needed for internal processes.

Non-renewable energy 
requirement 
(GJ non-renewable inputs/GJ outputs)

0.008 GJ/GJ Transport of manure to digester (5 km).

Functionality

Output service quality 
(€ outputs- € inputs (excl.biomass), per 
dry tonne of biomass input)

179 €/ton d.m. In case of CHP, also higher value electricity output is generated (next to the base 
heat production). 

Secondary resource use (descriptive)
+ Residues which are difficult to use for material production, especially in case of 

manure excess.

Land use 
productivity

Bio-energy and bioproducts per ha -/0 Possible land use change.

Ec
os

ys
te

m
 as

pe
cts

Climate change

GHG reduction, compared to 
reference (%)

199%
FFC as equivalent amount of combined heat and electricity from SWD(2014) 
259; Next to replacing fossil fuels, methane emissions of manure storage 
avoided. Potential methane slip.

GHG related to ILUC + No land use change.

Carbon stock change n/c

Biodiversity
Biodiversity conservation and 
management

0
Extracting energy from manure has no direct impact on biodiversity. (In general 
the use of manure as fertilizer can have impact on biodiversity).

Soil

Erosion 0 No link to erosion.

Soil organic carbon
- When digestate is used as fertilizer instead of liquid manure, the carbon 

content is reduced.

Soil nutrient balance 0 Digestate can still be used as fertilizer.

Water

Water availability and regional water 
stress

n/a
No link to water use.

Water use efficiency n/a

Water quality 0/+ May reduce N-surplus and N-leaching if manure/dried digestate is exported.
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Criteria Indicator Indicator value Comment

Air quality
Acidification (SO2-emissions)

Low emission gas engines.
Particulate emissions (PM10) +

Bu
sin

es
s c

as
e a

nd
 M

ar
ke

ts

Costs

Levelised life cycle cost, based on 
CAPEX and OPEX (incl. feedstock cost), 
expressed in relation to the output of 
energy carriers (€/GJ energy carriers)

12 €/GJ

Positive business case when full year industrial heat demand. Digestate can be 
used as fertilizer. Part of solution in agricultural regions with nutrient (manure) 
surplus. More difficult for heating of building (seasonal demand). If district 
heating network needs to be built this creates substantial extra cost. 

Future prospects of life cycle 
production costs

n/c

Markets

Business case for biomass mobilisation +/-
High availability in regions with high livestock density. High moisture content, 
so transport is an issue.

Market size +/-
Market size limited by industrial heat demand (preferably close to the feedstock 
source), and by the presence of district heating.

Technological maturity (TRL) 9 Fully commercial.

Non-fossil alternatives +/-

Biomass is the most important non-fossil alternative for heat production. 
Relevant for feedstock owners (organic residues, manure,...). Various other 
renewable alternatives to produce electricity (specifically for non-feedstock 
owners).

Competing biomass pathways +/-
Especially in regions with excess of manure, energy production from manure 
can complement manure treatment. Competition with use as fertilizer 
(especially in regions with shortage of manure)

System versatility
Flexibility and controllability + Flexibility to exchange liquid manure and digestate as fertilizer. Some flexibility 

in input. Relevance of digestate, or possibilities to further process digestate to 
bio-fertilizer. Driven by heat demand.Energy security

So
cio

-e
co

no
m

ic 
as

pe
cts Job creation

FTE along the full value chain FTE/MWth 2

FTE in the biomass consuming region n/c

Local economy

Contribution to rural economy + Positive impacts from using liquid manure.

Local embedding – proximity to 
markets

+ Positive impact from using heat close to source; e.g agro- industry, etc.

n/a: not applicable; n/c: not considered within the frame of the assessment

Quantitative input and output data on the transport and digestion of liquid manure were taken from JRC (2014). The 
conversion efficiency of a medium scale digester was assumed to be 42%, with a gross electrical efficiency of 30% (minus 
1% internal use). A thermal efficiency of 55% was assumed (of which 20% is used internally in the digestion process). The 
digestate was assumed to be stored in a closed tank, with recovery of the biogas released during storage. Market values 
for heat, electricity, gas and fuels are derived from Eurostat (2013) (see D.2.6). Market value of digestate was taken from 
WRAP171.

171  http://www.wrap.org.uk/content/compost-calculator
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SWOT analysis
Table 11 provides an indicative overview of feedstock related strengths/opportunities on the one hand, and weaknesses/
threats on the other hand.

Table 11: feedstock related SWOT for grassy perennial crops (adapted from Pelkmans, L., Guisson, R., Elbersen B. 
and C. Panoutsou. 2016. SWOT analysis of biomass value chains. Deliverable 2.4 of the Biomass Policies project. 

Available online at: www.biomasspolicies.eu )

Criteria Strengths/Opportunities Weaknesses/Threats

Land use productivity

Higher land productivity when using marginal lands (compared 
to reference); in case of agricultural lands there generally is 
also a gain (but not necessarily) at least in terms of biomass 
production/ha as most perennials are high yielding.

-

(indirect) land use change
Potential (indirect) land use change; limited in case of marginal 
lands which are not suited for arable crops requiring higher 
quality soils.

If produced on medium to good quality soils there may be competition 
with food and feed crops, leading to indirect land use change.

Biodiversity
No or low pesticide and nitrogen applications so (practically) no 
direct negative impacts on habitat quality; can provide winter 
shelter; birds nesting inside plants

May also destroy sensitive habitats (e.g. steppic habitats, High Nature 
Value farmland, biodiversity rich grasslands) when introduced. 

Soil
Potential use of marginal lands, which can increase soil quality 
and soil carbon stock

Damaging soil structure (e.g. harvesting, root removal after 20 years)

Water quantity
Most herbaceous perennials are drought resistant (e.g. 
Switchgrass) and have a very efficient water use (C4-plant). 

In arid circumstances ground water abstraction and depletion possible 
because of deep roots.

Water quality - Some use of fertilizers/pesticides which can be leached to ground water 
and pollute habitats, but the effect is very limited.

Markets - mobilisation - Limited financial attractiveness for farmers. Farmers are not familiar 
with these types of crops.

Markets - competition No competition in case of marginal land
Competition with food production in terms of land use (not in case of 
marginal land).

System versatility 
(mobilisation)

- low flexibility for farmer (long terms commitment) to anticipate 
changing markets and demand (e.g. shortage in food supply).

www.biomasspolicies.eu
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Policy framework design
This section provides an overview of current national policies, defines key issues under consideration for energy crops 
in abandoned/marginal land, justifies the need for government intervention and shortly describes the policy objectives 
and intended effects. Following it presents the recommended policy framework and the financial support mechanisms.

National policies172

Starting from an overview of the existing Serbian national policies related to biomass, this section provides an outlook 
of the main gaps and issues reflected in their policies and provides explanation ow they could be improved in the future. 
Figure 8 below outlines the main policy measures across the value chain components while Table 13 lists all relevant 
measures currently operational in Serbia. 

Table 12: Legislation, strategic and plan documents directly and indirectly linked to renewable energy sources  
generally in the Republic of Serbia173; regulatory measures in purple - economic, green - provision of information, 

yellow - strategic documents

Title Aim/strategic orientation

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

increased use of RES

The Energy Law (OGRS, No. 145/2014) increased use of RES

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)

increased electricity production from RES

Decree on incentives for energy production from renewable sources and high-efficiency power and 
heat co-generation (OGRS, No. 56/2016)

increased electricity production from RES

Energy Sector Development Strategy of the Republic of Serbia for the period by 2025 with projections 
by 2030  (OGRS, No. 101/2015)

increased use of RES

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

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

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)

preventing adverse environmental impacts

The Law on Waste Management (OGRS, No. 36/09, 88/10, 14/16) waste management and using declared waste as energy source

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

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)

using waste as energy source

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

172 Calliope Panoutsou, Asha Singh, Dejan Stojadinovic, Branko Glavonjic; Dragoslava Stojiljkovic. 2017. Deliverable 8.3. Serbia: Roadmap for lignocellulosic biomass 
and relevant policies for a bio-based economy in 2030. www.s2biom.eu 

173 UNDP Serbia. 2016. Branko Stajić. Short rotation energy crops of fast-growing tree species in Serbia: biomass production, legislation, market and environmental 
impacts – potentials and constraints.

http://www.mre.gov.rs/doc/efikasnost-izvori/23.06.02016 ENERGY SECTOR DEVELOPMENT STRATEGY OF THE REPUBLIC OF SERBIA.pdf
http://www.mre.gov.rs/doc/efikasnost-izvori/23.06.02016 ENERGY SECTOR DEVELOPMENT STRATEGY OF THE REPUBLIC OF SERBIA.pdf
http://www.s2biom.eu
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Title Aim/strategic orientation

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

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

Decree on protection regimes (OGRS, No. 31/12)
utilisation of RES and constructing plants using RES in protected 
areas

The Law on Air Protection (OGRS, No. 36/09, 10/13) air protection requirements in utilisation of RES

Decree on thresholds emission of air pollutants from combustion plants (OGRS, No. 06/16) fulfilling air protection requirements in utilisation of RES

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

The Law on Public-Private Partnerships and Concessions (OGRS, No. 88/11, 15/16) utilisation of RES for heat production, co-generation plants, etc.

The Law on Waters (OGRS, No. 30/10, 93/12) integrated water management; utilisation of RES

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)

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

The Law on Forests (OGRS, No. 30/10, 93/12, 89/15) sustainable forest management; utilisation of RES

Law on Forest Reproductive Materials OGRS, No. 135/04, 8/05, 41/09) providing adequate planting material for increased use of RES

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

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

Rulebook on forestry order (OGRS, No. 38/11, 75/16)
modes of cutting realization and maintenance of cutting area; 
ways of RES use

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)

requirements of operational plan documents; utilisation of RES

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

The Law on Land Protection (OGRS, No. 112/15) land use methods and defining land protection functions

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)

monitoring and land protection methods

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

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

National Sustainable Development Strategy 2009 - 2017 (OGRS, No. 57/08) promoting and increased use of RES



Republic of Serbia
Ministry of Mining and Energy

65

Title Aim/strategic orientation

AP for Implementation of the National Strategy of Sustainable Development („OGRS “, No. 22/09) promoting and increased use of RES

National Environmental Protection Strategy (OGRS, No. 12/10) increased use of RES

Strategy of Sustainable Use of Natural Resources and Assets
(OGRS, No. 33/12)

increased use of RES

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)

increased use of RES, awareness raising

The policy landscape in Serbia is thorough across the value chain and has numerous measures tailored to renewables 
and biomass. However, there is lack of tailored policy interventions for energy crops and specifically their cultivation in 
abandoned/marginal land.

Such mechanisms can be introduced in specific sectors of the already operational legal mechanisms.

Table 8 below provides an analysis of key policy related issues for energy crops in abandoned/marginal lands in Serbia 
and discusses gaps for which additional policy interventions will be required.

Table 13: Key policy related issues for energy crops in abandoned/marginal lands in Serbia

Policy related issue Current national legislation Gaps and Issues related to biomass reflected in national policy

How to ensure 
abandoned and marginal 
land will be eligible for 
energy crops?

Law on Agricultural Land (LAL) and Law 
on Changes and Amendments to the Law 
on Agricultural land174 (OGRS, No. 62/2006, 
65/2008 – other laws and 41/2009, 
112/2015)175  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. 

However, apart from the use of agricultural land in state ownership for biomass production, 
it remains unclear whether the establishment of energy crops is considered 
to be use of agricultural land for non-agricultural purposes. Also, it is unclear if 
establishment of energy crops in the interpretation of the law is considered in 
the context of changed purpose of agricultural land, which it is not, because the 
change of purpose would require payment of additional fees, implying also a 
permitting procedure.
Another uncertainty of the law is the issue of private ownership, and whether energy 
crops can be established on privately owned land due to interpretation of crops 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.
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.
Mapping areas that are agronomically suitable and technically feasible is 
missing.

 

174       http://www.mpzzs.gov.rs/download/Zakoni/%25D0%2597%25D0%2590%25D0%259A%25D0%259E%25D0%259D.pdf 
175       http://www.mpzzs.gov.rs/dokumenti

http://www.srbija.gov.rs/extfile/sr/126513/strategija_kjoto_protokol0220_cyr.zip
http://www.srbija.gov.rs/extfile/sr/126513/strategija_kjoto_protokol0220_cyr.zip
http://www.mpzzs.gov.rs/download/Zakoni/%25D0%2597%25D0%2590%25D0%259A%25D0%259E%25D0%259D.pdf	
http://www.mpzzs.gov.rs/dokumenti
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The Law on Forests (OGRS, No. 30/2010) and 
the Law on Changes and Amendments to 
the Law on Forests (OGRS, No. 89/2015) do 
mention short rotation coppice, 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. 
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 short rotation coppice for energy 
purposes does not fall within the category of works qualifying for subsidies 
from forestry funds, because trees 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.

How to ensure 
sustainability is applied 
in the cultivation and 
management of energy 
crops in abandoned/
marginal land?

National Strategy of Sustainable Use of 
Natural Resources and Assets176 (OGRS, 
No. 33/2012), defining the use of natural 
resources in a manner complying with 
all components of sustainability – 
environmental, economic, and social; 

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.

Policy related issue Current national legislation Gaps and Issues related to biomass reflected in national policy 

Are the various scales of 
applications addressed 
in a sufficient manner 
within support and 
legislation (e.g. FiTs, etc.)

Energy Law (OGRS, No. 145/2014), 
especially in the part regulating renewable 
energy sources (Articles 65-70). 

The law itself does not regulate explicitly energy crops, 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 privileged producer and producer of energy from 
renewable sources (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-generation (OGRS, No. 56/2016)). 

Is there sufficient support 
for energy crops in 
marginal land?

- Tailored financing for sustainable energy crops produced in abandoned/marginal land is 
missing.

Relevant legislation in other countries
This section provides an overview of relevant legislation in other European countries. The presented 
legislation may vary from a feedstock type (includes straw and forest types alongside with energy crops), but 
it is perceived as an appropriate mechanism, successfully operational in the reference countries and can be 
considered for energy crops feedstocks in Serbia.

Law on Agricultural Land (LAL) and Law on Changes and Amendments to the Law on Agricultural land1174

(OGRS, No. 62/2006, 65/2008 – other laws and 41/2009, 112/2015)2175

National Strategy of Sustainable Use of Natural Resources and Assets1176

174 http://www.mpzzs.gov.rs/download/Zakoni/%25D0%2597%25D0%2590%25D0%259A%25D0%259E%25D0%259D.pdf 
175 http://www.mpzzs.gov.rs/dokumenti 
176 http://www.gs.gov.rs/lat/strategije-vs.html 

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.gs.gov.rs/lat/strategije-vs.html
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Table 14: Overview of currently operational policy measures with high relevance for energy crops

Country Policy mechanisms (regulatory, expenditure information provision) Key success factors177

Austria
(straw)

CAP implementation (LWG Landwirtschaftsgesetz): Common Agricultural Policy (CAP) provides a framework for 
financial support to farmers (Pillar 1 – Direct Payments) and national rural development programmes (Pillar 2 – Rural 
Development). In 2015 the new Austrian CAP (LWG) came into force.

Tailored investment support 
with market sector focus

Further to this Austria has 
long tradition in deploying 
woody biomass for energy 
purposes so the integration 
of agricultural biomass 
was added to the well-
developed infrastructure 
and mature markets as 
additional feedstock type.

Support for using alternative feedstocks in biogas plants under the 2014-2020 Rural Development Programme: This 
measure under the 2014-2020 Rural Development Programme also aims at reducing the arable land used for biogas 
production by promoting alternatives to feed crops being used in agricultural biogas plants. Under the measure 
“Support for investments in creating and developing nonagricultural activities”, investments facilitating the use of at 
least 50% non-feed crops, intercrops, alfalfa, grass clover, crop residues, manure etc. in existing biogas are subsidized 
to the extent of 35%.

ÖPUL – Austrian Agri-environmental Programme 2007 (Österreichisches Agrar-Umweltprogramm ÖPUL): Unlike some 
other EU countries which apply their environmental programmes only in specific, environmentally sensitive areas, 
Austria chose an integral, horizontal approach for its agri-environmental program, aiming at the participation of 
Austrian farmers all over the country. In 2012, 526 million euros were paid to 11,200 holdings for 2.2 million hectares 
under the programme. Around 110,200 farms, i.e. 74.6% of all agricultural holdings, managing 89% of the utilised 
agricultural area, participate in ÖPUL. This high participation rate in the Agri-environmental Programme puts Austria 
first among the EU Member States. The areas covered by ÖPUL (not including pastures) account for approximately 2.20 
million hectares. The average aid amounted to 4,800 euros per holding.

Regulation on agricultural raw materials for biofuels and bioliquids (Verordnung über Landwirtschaftliche 
Ausgangsstoffe für Biokraftstoffe und flüssige Biobrennstoffe 2010 BioVO): This act regulates the proof of 
sustainability of agricultural sources used for the production of biofuels. It includes the basic rules for documentation, 
monitoring, collection and transmission of relevant data.

Germany 
Perennial crops 

For biomass power plants that were put into operation between 2009 and 2012 the EEG provides an bonus on the 
feed-in tariff for the utilization of material from landscape management. So far, the bonus had only little impact 
on the development of perennials. Most farmers are used to react to market developments on a yearly basis. For 
them, perennials means a commitment to one crop for a couple of years. The programme “Gemeinschaftsaufgabe 
Agrarstruktur und Küstenschutz” seeks to provide farmers with financial support for the cultivation of short rotation 
coppices. The measure is applied in some federal states and is limited to the period 2014-2018. It is required that at 
least 3000 trees are planted per hectare and that the land under cultivation is not dedicated to other crops for a period 
of 12 years.
Each federal state has its own regulations on subsidies and when a new SRP is being established the possibility to 
receive subsidies.

Tailored investment support 
with market sector focus

Further to this Germany has 
long tradition in deploying 
biomass for energy 
purposes so the integration 
of agricultural biomass 
was added to the well-
developed infrastructure 
and mature markets as 
additional feedstock type.straw

Germany is a large producer of agricultural commodities resulting in a significant potential of straw. But, to date, 
there is only little use of it for energy. This is due to economic reasons, as production costs of conversion technologies 
for heat, power and fuel for transportation are all higher than the production costs of reference technologies [11]. 
The support mechanisms in force aren’t sufficient to create economic viable concepts for straw as feedstock. Straw as 
feedstock for the production of lignocellulose ethanol biofuels can be counted towards quota obligations and benefit 
from an energy tax relief. Another support mechanism is the EEG. Biomass power plants that were put into operation 
between 2009 and 2014 can receive a bonus for the power production from straw. The utilization of straw in boilers 
smaller than 100kW benefit from emission thresholds that are higher than for biomass feedstock. In contrast to that 
the requirements for the utilization of straw in boilers larger than 100kW are very strict.

177  Endogenous- related to the mechanism and exogenous- related to country specific characteristics
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Country Policy mechanisms (regulatory, expenditure information provision) Key success factors5

Finland

Afforestation
Private forest 
owners

Act on the Financing of Sustainable Forestry (1094/1996, 1311/1996, 544/2007, 100/2011, 34/2015, 594/2015) and 
degree (from the annual appropriations included in the State budget in the form of aid and loan shall be allocated for 
measures which promote the sustainable management and use of forests in accordance with the Forest Act (1093/1996) 
as provided in this Act. The measures referred to in subsection 1 above are: 1) ensuring the sustainability of timber 
production; 2) maintaining the biological diversity of forests; 3) forest ecosystem management projects; and 4) other 
measures in support of the activities referred to in subsections 1-3. Financing may be granted to private landowners 
upon application.
Nonindustrial, private forest owners are entitled to seek governmental grants for the afforestation of understocked 
areas, prescribed burning, the tending of young stands, the harvesting of energy wood, forest recovery, fertilisation, etc. 
The Ministry of Agriculture and Forestry pays support for the harvesting, forestry transport and chipping of wood sold 
for fuel as part of the management of young stands.

Key success factors include 
consistency and continuity 
of measures; adoption 
of new mechanisms and 
efficient adaptation to 
include innovations.

Further to this, Finnish 
stakeholders across policy 
and industry are well 
informed and there are 
efficient communication 
channels which allow 
them to be informed with 
all relevant technical and 
scientific evidence.

Croatia
(Short rotation 
coppice)

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.

n/a

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 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).

ss factors177

Recommended future policy interventions
The suggested policy framework presented in this report aims to facilitate the use of abandoned/marginal land for 
energy crops in Serbia. However, there are certain issues which may hinder the country’s fulfilment of targets and future 
sustainable market development which should be reflected in future policy formation. 

177  Endogenous- related to the mechanism and exogenous- related to country specific characteristics
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Figure 9 provides an outline of the suggested policy interventions that address the issues for future biomass policy in 
Serbia and Table 10 describes policy relevant fields, current legislation and suggested policy interventions to facilitate 
the deployment of abandoned/marginal land for energy crop value chains in Serbia.

Figure 11: Recommended future policy interventions  

Table 15: Suggested policy interventions to facilitate the deployment of abandoned/marginal land for energy crop 
value chains in Serbia

 Policy relevant fields for energy crops 
in abandoned/marginal land

Current Policy/
measure Suggested policy interventions for the future 

Use of abandoned/marginal land
for energy crops

Law on Agricultural 
Land (LAL)- unclear 
arrangement for 
land use change to 
energy crops; no 
clarity for private 
land owners that 
will to use their 
marginal land for 
energy crops

Law on Forests

Regulations/land use change and sustainability/Permits from the municipal authority to:
Develop the plan for use of agricultural land.
Develop the design-planning documentation for the establishment of energy crops plantation.
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.
Use agricultural land for non-agricultural purposes – sector for agricultural land.
Permit in the field of infrastructure and spatial planning, construction and urban planning.
Application for defining the water management requirements – water management sector.

Financing
Investment subsidies for the cultivation on voluntarily set aside land.

Provision of information
Strategy/Action Plan for the cultivation of perennial crops on voluntarily set aside land.
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Sustainable management and cropping 
practices

Regulations
Regulatory framework for sustainable crop practices 
Application for environmental permits – requirements of the Nature Protection Service 
Application for permits related to environmental protection (strategic environmental impact 
assessment) – environmental protection sector
Application for permits related to soil protection (soil protection plan, annual soil protection 
programme, and soil monitoring programme)

Financing
Subsidies for establishment of perennial energy crops in marginal land

Provision of information
Capacity building for land owners, farmers, foresters and local authorities

Perennial crops
small scale heating (household level)

Energy Law
Feed in tariffs- no 
differentiation on 
feedstock

Financing
Investment subsidy for heating applications and loans for CHP based on energy crops from 
abandoned/marginal land. 
Feedstock bonus for CHP 

Perennial crops
medium scale heat driven (district 
heating, public buildings, industry, etc.)

Sorghum
Anaerobic co-digestion (micro – on-
farm) of manure/sorghum and CHP

Financing
Feed-in tariff/premiums for existing biogas plants that use co-digestion with sorghum.

Sorghum
Anaerobic co-digestion (medium scale) 
of manure/sorghum and CHP

Provision of information
Standards and certification
Capacity building for utilities, industries and local authorities 

 

Why	are	these	instruments	selected;	what	do	we	expect	them	to	achieve?

Feedstock Value chains

Energy crops      small scale heating (household level)

Investment subsidies for the cultivation 
on abandoned/marginal land: to 
diversify indigenous feedstock options
 
 
 

Investment subsidies: to introduce premium for energy crops; to facilitate production in abandoned/marginal lands. 

medium scale heat driven (apartment building, district heating, public buildings)

Investment subsidies: to mobilise energy crops for abandoned/marginal land as biomass feedstock. 

medium scale CHP (residential district or industry; heat driven)

Feedstock bonus for CHP: to diversify indigenous feedstock options.



Republic of Serbia
Ministry of Mining and Energy

71

To	which	specific	barrier/gap/challenge	in	the	value	chain	are	they	targeted	to?

Feedstock Value chains

Energy crops      small scale heating (household level)

Investment subsidies for the cultivation 
on abandoned/marginal land: increasing 
competition for feedstock
 
 
 

Investment subsidies: sustain market development trends and avoid reduced shares as the debates on biomass competition 
increase.

medium scale heat driven (apartment building, district heating, public buildings)

Investment subsidies: sustain market development trends and avoid reduced shares as the debates on biomass competition 
increase.

medium scale CHP (residential district or industry; heat driven)

Feedstock bonus for CHP : sustain market development trends and avoid reduced shares as the debates on biomass competition 
increase.

What	is	their	added	value	compared	to	the	existing	support	measures?

Feedstock Value chains

Energy crops      small scale heating (household level)
medium scale heat driven (apartment building, district heating, public buildings)

Investment subsidies for the cultivation 
on abandoned/marginal land

Investment subsidies: 
Measures that could improve the situation are financial support for the replacement of old inefficient biomass boilers, requirements 
for efficiency and support for the mobilisation of additional biomass resources.

 medium scale CHP (residential district or industry; heat driven)

 Feedstock bonus for CHP 
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National	legislative	measures	which	have	been	considered	most	suitable	to	include	the	policy	recommendations

Energy crops Existing national legislation where the 
recommended measure would fit Brief justification

investment subsidies for the cultivation on abandoned/marginal land Law on Agricultural Land
increasing biodiversity and decreasing 
competition for wood from forestry

Assessment of suitability for the cultivation of perennial crops on 
abandoned/marginal land

Law on Agricultural Land
information on suitability of perennials 
needs to be aligned with agri-
environmental measures

medium scale heat driven (apartment building, district heating, public 
buildings, industry)

Energy Law/FITs High CAPEX

medium scale CHP (residential district or industry; heat driven) – 
feedstock bonus for CHP

Energy Law/FITs
high OPEX and CAPEX in combination 
with extraordinary environmental 
benefit

Cost	benefit	analysis	for	the	suggested	measures

Table 12 below provides a set of cost benefit indicators for impact assessment of the selected value chains in Serbia. 
These include except investment and fixed O&M costs, values for the estimated cost of CO2 savings and GHG savings as 
well as information on competing uses and the fossil- fuel baseline comparator.

Table 16: Cost benefit indicators for impact assessment of the selected value chains in Serbia

Value chains
Competing uses

Investment cost 
(€2015/kW)
(€/MWh, lt)

Fixed 
O&M costs 
(€2015/
(kW*yr)

Estimated 
cost of CO2 
saving (€/
tCO2)

GHG 
savings178(%)

Baseline 
comparison

Current

Perennial crops
small scale heating (household level)

Landscape 
recreation

Biobased materials

671 25 140 87 Heating oil

Perennial crops
medium scale heat driven (apartment 
building, district heating, public 
buildings)

704 21 341 87 Heating oil

Perennial crops 
medium scale CHP (residential district 
or industry; heat driven)

513 22 110
87 for heat
82 for electricity

Natural gas

Sorghum
Mono- digestors 

Food compost

Disposal

685 25 140
65 for heat
70 for electricity

Natural gas

Sorghum
Anaerobic digestion (medium scale) and 
local CHP

698 21 -194 75179 Natural gas

GHG savings177 178(%)

75178179

178 JRC, 2014. Solid and gaseous bioenergy pathways: input values and GHG emissions; https://ec.europa.eu/jrc/sites/default/files/eur26696_online_final_v3.pdf ; 
No land use emissions are included in these results nor are CO2 emissions from the combustion of biomass or other indirect effects.

179 RED typical value for MSW biomethane

https://ec.europa.eu/jrc/sites/default/files/eur26696_online_final_v3.pdf
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Conclusions

The implementation of energy crops, cultivated in marginal lands, for heat and electricity in Serbia has very good 
potential and is positively regarded by both scientific experts and policy makers. However, strong efforts need to be 
made to improve the existing policy framework and ensure that it provides a consistent, well informed and evidence-
based set of mechanisms that will be applied across value chains and sectors beyond energy like agriculture, forestry 
and environment.

The portfolio of policy mechanisms must include:

•	 regulations which will be compliant with existing EU policy regime and ensure the sustainable development of 
energy crops in marginal land as well as the implementation and operation of the respective bioenergy value chains.

•	 financial support for land improvement, crop establishment and annual operation as well as sustainable financial 
mechanisms for supporting private sector biomass projects.

•	 Information provision measures which will ensure there are means to facilitate knowledge transfer, training and 
capacity building activities for land owners, farmers, foresters and local authorities.

Last, all the above-mentioned policy interventions, once developed, should be open for consultation by key actors and 
validation from them before they are enacted.



Republic of Serbia
Ministry of Mining and Energy

74



75

Republic of Serbia
Ministry of Mining and Energy

Republic of Serbia
Ministry of Mining and Energy

Crops



76

Republic of Serbia
Ministry of Mining and Energy

Republic of Serbia
Ministry of Mining and Energy

                   



77

Republic of Serbia
Ministry of Mining and Energy

Republic of Serbia
Ministry of Mining and Energy

Miscanthus
Miscanthus is a perennial, rhizomatous grass, originating from Asia. The most common species is Miscanthus giganteus 
which is a sterile triploid hybrid of M. sacchariflorus and M. sinensis.

Yields

Yields in Serbian trials have been reported from 10-13 dry tonnes/ha from the third year and onwards. Good yields have 
also been reported from cultivations in the mining basin Kolubara.

Key determinants of yield are planting density, soil type, sunshine, temperature and rainfall (recommended >550 mm). 
Highest yields are produced on soils with a good water holding capacity. 

Regions suitable for cultivation

Suitability map for miscanthus (www.s2biom.eu)

Site location
Miscanthus can be planted in a wide range of soils. The best production is expected on soils that are well drained, 
have a pH between 5.5 and 7.5, and have medium to high fertility. Due to its efficient nutrient recycling and low input 
requirements, miscanthus has the potential to grow on marginal lands including contaminated land for soil remediation. 
Sites with high water tables in the winter or early spring should be avoided because harvest with large equipment during 
those times might not be possible. To prevent unintentional spread, giant miscanthus fields should not be located in 
areas subject to flooding, in areas of potential gully erosion, or near sensitive natural areas. Fields of miscanthus may 
pose a considerable fire risk and adequate field borders should be used near structures, utilities, and adjacent fields or 
wild land areas to prevent accidental fires from escaping.

Planting

Miscanthus × giganteus is a sterile hybrid and, as such, it must be propagated via rhizomes (macro-propagation) or by 
tissue culture (micropropagation). Ploughing is recommended before planting the crops. To avoid frost damage, planting 
should be done when the frost period is finished. The optimal planting density is 1 to 2 plants /m2. In general, irrigation 
during the first growing season improves establishment rates. The main risk factor to produce Miscanthus × giganteus in 
continental Europe is poor over-wintering in the first year. In areas where soil temperatures fall lower than −3◦C, more 
frost-tolerant genotypes like M. sinensis or its hybrids are recommended.

http://www.s2biom.eu
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Fertilizers 

Experience with growing miscanthus in several European regions indicates that nitrogen (N) fertilization is necessary 
mainly on soils with low N content. At locations with sufficient N mineralization from soil organic matter, N fertilization 
can be avoided or limited to 50–70 kg /ha/ yr. The overall nutrient requirements for N, phosphorus (P) and calcium (Ca) 
are about 2–5, 0.3–1.1 and 0.8–1.0 kg per t of dry matter 71 and for K 0.8– 1.2 kg.

Weeds

Despite to the perennial nature of miscanthus, effective weed control is very important during the first year to avoid 
negative impacts on the establishment success of the crop and competitiveness in subsequent years. During the first year, 
mechanical weeding can be performed between the rows and, once the crop is well enrooted, on the complete field. 
Herbicides for miscanthus have also been available for some years now, most of which originate from maize cultivation. 
Active substances that can be used for miscanthus include: dimethenamid- P, pendimethalin, bromoxynil, mesotrione, 
tritosulfuron, dicamba, and MCPA. A good strategy has proved to be application of soil herbicides after the planting of 
rhizomes or plantlets, followed by an application of mainly leaf-active herbicides some weeks later.

Harvesting 

Miscanthus can be harvested in the form of 3-4 meters high canes, only once a year since multiple cutting would over-
exploit the rhizomes and kill the stands. The harvest window depends on the local conditions and is between November 
and March/April. Late harvesting time improves the combustion quality, since the moisture content and the mineral 
contents decrease. However, there is a trade-off, since the biomass yield decreases as well. For economic reasons a late 
harvest at moisture content lower than 30% is recommended because the costs for harvesting and drying are increasing 
with the water content.

Harvesting can be carried out using conventional farm machinery (e.g. self-propelled forage harvesters, etc.), producing 
either bales or chipped material. The soil must be suitable for heavy machinery.

Storage

In the United Kingdom, France, and Germany, miscanthus chips are produced using self-propelled forage harvesters (as 
used for maize) in an early spring (February to April) harvest when the biomass has moisture contents below 20%. The 
chips can be stored well in covered storage. However, miscanthus chips have several drawbacks, such as low bulk density 
(150 kg m−3), low fuel mass in combustion chambers, and potential bridging and clogging in automated feed systems.

Sustainability

Sustainability issue

Land use (iLUC risk) Higher land productivity when marginal lands used; in case of agricultural lands potential (indirect) land use change;

Biodiversity
Can provide winter shelter; birds nesting inside plants; may, however, destroy sensitive habitats (e.g. Steppic habitats, High Nature Value 
farmland, biodiversity rich grasslands) when introduced.

Soil and Carbon stock 
Potential use of marginal lands, which can increase soil quality and soil carbon stock; Can damage soil structure (e.g. Harvesting, root 
removal after 20 years),

Water
In arid circumstances ground water abstraction and depletion possible because of deep roots; Some use of fertilizers/pesticides which can 
be leached to ground water and pollute habitats, but effect is very limited.

Production costs 

Establishment costs €/ha

Ploughing 130

Harrowing 130
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Herbiciding 130

Initial fertilising 75

Planting 1000

Exit costs (Grubbing up) 250

(a) Total Establishment costs 1715

(b) Annual equivalent of establishment costs 234

Recurring costs (in all years)  

Land rent 62

Fertilisation 73

Harvesting incl chipping/ baling 400

Cost of working capital 151

Other costs (incl. depreciation of travelling gun) 201

c) Total recurring costs 887

Total annual equivalent cost (b+c) 1121

Table of properties

Property Description

Moisture content at harvest 20-50%

Bulk density (baled) 130-150 kg/m3

Bulk density at harvest (chopped) 70-100 kg/m3

Calorific value (Net) ~17 GJ/tonne (dry basis)

Ash content Typically 2-3%

Ash fusion (melting)temperature 1090 o C

References and recommended literature

Barbosa, B., Boléo, S., Sidella, S., et al., 2015. Phytoremediation of heavy metal-contaminated soils using the perennial 
energy crops Miscanthus spp. and Arundo donax L. BioEnergy Research 8 (4), 1500–1511.

Christian, D.G., Riche, A.B., Yates, N.E., 2008. Growth, yield and mineral content of Miscanthus × giganteus grown as a 
biofuel for 14 successive harvests. Industrial Crops and Products 28 (3), 320–327.

Miscanthus Best Practice Guide  (Teagasc, 2010).  https://www.ifa.ie/?s=miscanthus 

Shield, I.F., Barraclough, T.J.P., Riche, A.B., et al., 2014. The yield and quality response of the energy grass Miscanthus × 
giganteus to fertilizer applications of nitrogen, potassium and sulphur. Biomass Bioenergy 68, 185–194.

http://www.recrops.com/miscanthus/miscanthus-growing-cycle 

http://www.crops4energy.co.uk/miscanthus/ 

http://www.terravesta.com/Growing 

https://www.ifa.ie/?s=miscanthus
http://www.recrops.com/miscanthus/miscanthus-growing-cycle
http://www.crops4energy.co.uk/miscanthus/
http://www.terravesta.com/Growing
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Pawlonia
Paulownia tomentosa is a deciduous tree in the family Paulowniaceae, native to central and western China.

Yields

Recent research reports that biomass yields from 2-year-old paulownia trees in short-rotation management with high 
planting densities (3,000- 3,500 trees/ha) range between 7.2-14.0 t/ha dry matter at Villanueva del Río y Minas, Sevilla 
province, depending on clones. Good adaptability and yields have also been reported in trials in Albania and Serbia.

Regions suitable for cultivation

Suitability map for Paulownia. The colors represent the CLIMEX ecoclimatic index (EI) where gray is ‘unfavorable’, light 
green is ‘suitable’, dark green is ‘favorable’, and blue is ‘very favorable’. The purple regions are those where a permanent 
water source is available.

Site selection

Paulownia is highly adaptive species and grows well on many types of soils. Most appropriate and recommended are 
light, well drained and sandy soils with or without slopes. Good growth of Paulownia is observed with soils having a рН 
from 5.0 to 8.9. Paulownia cannot tolerate soil salinity more than 1%. Clay, rocky and soaked soils should be avoided. Soils 
that are consisted from over 25% of clay and porosity under 50% are not recommended for Paulownia. Paulownia does 
not tolerate salinity over 1%. Young Paulownia plants develop well, when the soil depth is at least 1.5-2.0 meters. The 
growth of the trees starts in the spring, when the temperature of the soil is reaching 15оС -16оС. Optimal temperatures 
for Paulownia’s growth are in the range of 24оС -33оС.

Planting

The field requires deep ploughing (35-40 cm) and rotary cultivations. Basic fertilizer application (NPK 14:10:20 or 
12:10:18) is recommended. Planting seedlings is done in straight lines, between 4 m apart, in the row. Spring is the ideal 
time to plant after the last frost, so the plant form a vigorous root growth all through spring, summer and autumn.

Fertilizers 

Paulownia is tolerant to poor soils and could reach acceptable dimensions for the stem diameter. Paulownia though, 
grows much better in fertile soils. Basic fertilizer application (NPK 14:10:20 or 12:10:18) is recommended before plat 
establishment. Following each rotation and harvest, monitoring of soil nutrients and additional fertilising is recommended.
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Weeds

The soil must be cleared of existing weeds by weeding hoes or using herbicides. It is very important to keep the soil clean 
of weeds, especially in the first year of vegetation (due to competition for water resources and nutrients). If the soil is 
clean, a superficial weeding (2-5 cm) applied monthly is enough.

Harvesting 

Harvesting trees is done thereafter every 3-4 years, depending on the climate. Trees will be cut down to ground level and 
another tree will grow from the same root system.

Storage

Paulownia can be stored in the form of stems or chips. In both cases appropriate aeration must be ensured to avoid 
rotting and diseases.

Production costs 

Establishment costs €/ha

Ploughing 130

Harrowing 130

Herbiciding 130

Initial fertilizing 75

Planting 1350

Exit costs (Grubbing up) 250

(a) Total Establishment costs 2065

(b) Annual equivalent of establishment costs 272

Recurring costs (in all years)  

Land rent 62

Fertilization 73

Harvesting incl chipping/baling 550

Cost of working capital 190

Other costs (incl. depreciation of travelling gun) 250

c) Total recurring costs 1125

Total annual equivalent cost (b+c) 1397
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Sustainability

Sustainability issue

Land use (iLUC risk) Higher land productivity when marginal lands used; in case of agricultural lands potential (indirect) land use change;

Biodiversity
Can provide winter shelter; birds nesting inside plants; may, however, destroy sensitive habitats (e.g. Steppic habitats, High Nature Value 
farmland, biodiversity rich grasslands) when introduced.

Soil and Carbon stock 
Potential use of marginal lands, which can increase soil quality and soil carbon stock; Can damage soil structure (e.g. Harvesting, root 
removal after 20 years),

Water
In arid circumstances ground water abstraction and depletion possible because of deep roots; Some use of fertilizers/ pesticides which 
can be leached to ground water and pollute habitats, but effect is very limited.

Table of properties

Property Description

Moisture content at harvest 30-40%

Bulk density (baled) 140-1750 kg/m3

Bulk density at harvest (chopped) 70-100 kg/m3

Calorific value (Net) ~17 GJ/tonne (dry basis)

Ash content Typically 2-3%

Ash fusion (melting)temperature 1000 o C

References and Recommended literature
Ch. Basu, N. Joshee, T. Gezalian, B. N. Vaidya, A. Satidkit, H. Hemmati, and Z. D. Perry. Cross-species PCR and field 
studies on Paulownia elongata: A potential bioenergy crop. https://www.degruyter.com/view/j/bioeth.2015.2.issue-1/
bioeth-2015-0002/bioeth-2015-0002.xml DOI: https://doi.org/10.1515/bioeth-2015-0002 

http://www.worldpaulownia.com/paulownia-biomass/ 

Juan Antonio Jiménez Bocanegra et al.. Biomass Yield Potential of Paulownia Trees in a Semi-Arid Mediterranean Envi-
ronment (S Spain). International Journal of Renewable Energy Research. Vol.3, No.4, 2013

Icka, P., Damo, R. and E. Icka. Paulownia Tormentosa, a fast grwoing Timber. 2016. DOI: 10.1515/agr-2016-0003

http://www.paulownia.rs/ 

https://www.degruyter.com/view/j/bioeth.2015.2.issue-1/bioeth-2015-0002/bioeth-2015-0002.xml
https://www.degruyter.com/view/j/bioeth.2015.2.issue-1/bioeth-2015-0002/bioeth-2015-0002.xml
https://doi.org/10.1515/bioeth-2015-0002
http://www.worldpaulownia.com/paulownia-biomass/
http://www.paulownia.rs/
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Giant reed
Giant reed is a tall perennial grass originating from Asia; however, it is also considered as a native species in the countries 
surrounding the Mediterranean Sea. 

Yields

Experience with growing giant reed across Europe indicates that dry matter yields of giant reed reach a peak at the 
fourth year—or the fifth for increased nitrogen fertilization rates—and then follows a yield-decreasing phase. Longer-
term data from the sixth and seventh years of growth showed yields of 36.5 and 27.3 Mg DM/ha/y, 25.3 and 17.6 DM/
ha/y in the 10th and 13th years of growth.

Regions suitable for cultivation

Suitability map for giant reed (www.s2biom.eu ) 

Site location

Giant reed prefers well-drained soils with abundant soil moisture. It can grow in all types of soils, from heavy clays to lose 
sands and gravelly soils and tolerates soils of low quality such as saline ones, too.

Planting

Due to seed sterility giant reed is usually established by rhizomes, micro-propagated plants produced in garden centers 
as whole stems, or stem cuttings. Rhizomes or micro-propagated plantlets are generally reported to ensure better 
establishment, in particular large rhizome pieces with well-developed buds. However, the main drawback of propagation 
via rhizomes is the higher costs compared to stem cuttings and whole-stem planting.

Fertilizers 

Before establishing the plantation, a sufficient amount of K and P should be applied if the nutrient status of the soil is 
poor.

Weeds

Giant reed is characterized by high rusticity and limited susceptibility to pathogens and insects, therefore it does not 
usually require chemical treatments. The leaf and stems of giant reed contain, among other chemical components, 
alkaloids and silica that enhance plant protection against parasites and predators. However, herbicide application is 
recommended in the first year. 

http://www.s2biom.eu
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Apart from specific herbicides, mechanical weeding, especially if coupled with the incorporation of fertilizers, can be an 
effective practice to control weeds.

Harvesting 

Giant reed can be harvested each year or every second year, depending on its use. Harvest takes place during the 
winter season (November to February), when aboveground organs are senescent. Two harvests per growing period are 
feasible, but repeated clipping did not sustain high growth rates and total production declined. In southern Europe late 
winter harvest is recommended to attain a reduction in the moisture content of the stems.

Storage 

Since giant red is harvested during winter, the moisture content can reach up to 50% if harvested during senescence. 
However, to obtain an efficient conversion (referred to as combustion and syngas production) the level of moisture 
content should be below 30%. 

Production costs 

Establishment costs €/ha

Ploughing 130

Harrowing 130

Herbiciding 130

Initial fertilizing 75

Planting 1200

Exit costs (Grubbing up) 250

(a) Total Establishment costs 1915

(b) Annual equivalent of establishment costs 250

Recurring costs (in all years)  

Land rent 62

Fertilization 73

Harvesting incl chipping/baling 480

Cost of working capital 190

Other costs (incl. depreciation of travelling gun) 250

c) Total recurring costs 1055

Total annual equivalent cost (b+c) 1305
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Sustainability

Sustainability issue

Land use (iLUC risk) Higher land productivity when marginal lands used; in case of agricultural lands potential (indirect) land use change;

Biodiversity
Can provide winter shelter; birds nesting inside plants; may, however, destroy sensitive habitats (e.g. Steppic habitats, High Nature Value 
farmland, biodiversity rich grasslands) when introduced.

Soil and Carbon stock 
Potential use of marginal lands, which can increase soil quality and soil carbon stock; Can damage soil structure (e.g. Harvesting, root 
removal after 20 years),

Water
In arid circumstances ground water abstraction and depletion possible because of deep roots; Some use of fertilizers / pesticides which 
can be leached to ground water and pollute habitats, but effect is very limited.

Table of properties

Property Description

Moisture content at harvest  40- 60%

Bulk density (baled) 130-150 kg/m3

Bulk density at harvest (chopped) 70-100 kg/m3

Calorific value (Net) ~16 GJ/tonne (dry basis)

Ash content Typically 5-7%

Ash fusion (melting) temperature 1000- 1200 0C

References and Recommended literature

•	 Amaducci, S., Perego, A., 2015. Field evaluation of Arundo donax clones for bioenergy production. Industrial Crops 
and Products 75, 122–128.

M Fagnano, A Impagliazzo, M Mori, N Fiorentino - Bioenergy Research, 2015 – Springer. Agronomic and Environmental 
Impacts of Giant Reed (Arundo donax L.): Results from a Long-Term Field Experiment in Hilly Areas Subject to Soil Ero-
sion. https://link.springer.com/article/10.1007/s12155-014-9532-7 

A Monti, W Zegada-Lizarazu - BioEnergy research, 2016 – Springer. Sixteen-Year Biomass Yield and Soil Carbon Stor-
age of Giant Reed (Arundo donax L.) Grown Under Variable Nitrogen Fertilization Rates. https://link.springer.com/arti-
cle/10.1007/s12155-015-9685-z 

Monti, A., Zanetti, F., Scordia, D., Testa, G., Cosentino, S.L., 2015. What to harvest when? Autumn, winter, annual and 
biennial harvesting of giant reed, miscanthus and switchgrass in northern and southern Mediterranean area. Ind. Crops 
Prod. 75, 129–134. http://dx.doi.org/10.1016/j.indcrop.2015.06.025 

https://link.springer.com/article/10.1007/s12155-014-9532-7
https://link.springer.com/article/10.1007/s12155-015-9685-z
https://link.springer.com/article/10.1007/s12155-015-9685-z
http://dx.doi.org/10.1016/j.indcrop.2015.06.025
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Reed canary grass 
Reed canary grass is a cool–season, sod-forming, wetland grass native to the northern temperate regions of Europe, Asia 
and North America. It is being used as a forage crop mainly in North America, but also to some extent in Eastern Europe, 
Scandinavia and Japan.

Yields

Experience with growing reed canary grass in Sweden, Finland and UK indicates that higher yields were measured with 
sowing in May to June instead of September. The crop will take two to three years to reach full yield potential, which can 
be expected to be 5-7 tonnes of dry matter per hectare. Reed canary grass can remain productive for up to eight years 
after establishment.

Regions suitable for cultivation

Suitability map for reed canary grass (www.s2biom.eu )

Site selection

Reed canary grass is very well adapted to wet, marshy areas. It can withstand flooding and can tolerate continuous 
inundation for as long as 60-70 days without permanent injury. Although wet areas in full sun are preferred, reed canary 
grass is also very drought tolerant and able to withstand high degrees of variability in soil type, pH levels, fertility, 
temperature and exposure. The highest yield can be obtained on organic soils.

Planting

Reed canary grass is established by seeding. Best stands are obtained when it is sown not deeper than 1–2 cm in a 
well-prepared, firm seedbed. Seeds are normally drilled in rows, at least under Swedish conditions 12,5 cm row spacing 
is commonly used. Rolling after seeding will help to keep the moisture in the seedbed. Recommended seeding rate is 
15–20 kg/ ha/y.

Fertilizers 

In the year of sowing an amount of 40 kg N, 15 kg P and 50 kg/ha of K is recommended for a good establishment of 
the crop. The year after sowing the most economic result is reached when applying 100, 15 and 80 kg/ha of N, P and 
K, respectively. During the following years the fertilization rates can be decreased when the delayed harvest system is 
applied because of the translocation of nutrients at the end of the growing season and leaching during the winter. The 
removal of nutrients is smaller than in a summer or autumn harvest system. Recommended rates are 50, 5, and 20 kg/
ha of N, P and K, respectively, in every spring.
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Weeds

Weed competition can be a problem in the first year because reed canary grass seeds are generally rather slow to 
germinate, and they show various degree of dormancy. This can be controlled with common herbicides for broadleaf 
crops. From the second year on, weeds are no problem, since an established reed canary grass stand is very competitive.

Harvesting 

Reed canary grass can be harvested with conventional agricultural machinery, irrespective of whether it is grown for 
combustion or for other uses such as biogas production. Mowing and baling systems are typically used when the crop is 
intended for utilization as a combustion fuel, but harvest losses can be high. The delayed harvest concept (during April 
and May), when the crop is left on field during the winter and harvested as senescent material the following spring, has 
been developed in Sweden. The harvest is performed when the soil is dry enough for carrying the harvesting machinery 
and the crop is dry enough for storage without artificial drying (80% dry matter). With this system the grass can grow 
undisturbed during the whole of the previous season and build up a store of carbohydrates in the underground parts. 
A sufficient reserve of carbohydrates is important for the plants to survive a long winter and for an early start of growth 
in spring.

Storage

Bales can be stored outdoors under coverage. In those cases, it is important to place the bales on pallets and cover all 
sides to avoid increased moisture content. The side coverage needs to be attached properly, not only to keep it from 
blowing away, but also to prevent anyone from getting in under the cover.

Production costs 

Establishment costs €/ha

Ploughing 130

Harrowing 130

Herbiciding 130

Initial fertilizing 75

Planting 900

Exit costs (Grubbing up) 250

(a) Total Establishment costs 1615

(b) Annual equivalent of establishment costs 232

Recurring costs (in all years)  

Land rent 62

Fertilization 73

Harvesting incl chipping/ baling 480

Cost of working capital 160

Other costs (incl. depreciation of travelling gun) 250

c) Total recurring costs 1025

Total annual equivalent cost (b+c) 1257
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Sustainability

Sustainability issue

Land use (iLUC risk)
Higher land productivity when marginal lands used; in case of agricultural 
lands potential (indirect) land use change;

Biodiversity
Can provide winter shelter; birds nesting inside plants; may, however, 
destroy sensitive habitats (e.g. Steppic habitats, High Nature Value farmland, 
biodiversity rich grasslands) when introduced.

Soil and Carbon stock 
Potential use of marginal lands, which can increase soil quality and soil carbon 
stock; Can damage soil structure (e.g. Harvesting, root removal after 20 years),

Water
In arid circumstances ground water abstraction and depletion possible because 
of deep roots; Some use of fertilizers / pesticides which can be leached to 
ground water and pollute habitats, but effect is very limited.

Table of properties

Property Description

Moisture content at harvest 20-50%

Bulk density (baled) 130-150 kg/m3

Bulk density at harvest (chopped) 70-100 kg/m3

Calorific value (Net) ~17 GJ/tonne (dry basis)

Ash content Typically 1.9- 11.5 %

Ash fusion (melting) temperature 1090 o C

References and Recommended literature

•	 B.Kołodziej, M. Stachyra, J. Antonkiewicz, E. Bielińska and J. Wiśniewskia. Biomass and Bioenergy, 2016 – Elsevier. 
The effect of harvest frequency on yielding and quality of energy raw material of reed canary grass grown on 
municipal sewage sludge.

R.A.Lord. Reed canary grass (Phalaris arundinacea) outperforms Miscanthus or willow on marginal soils, brownfield and 
non-agricultural sites for local, sustainable energy crop production https://doi.org/10.1016/j.biombioe.2015.04.015 

M. Paulson, P. Bardos, J. Harmsen, J. Wilczek, M. Barton, D. EdwardsThe practical use of short rotation coppice in land 
restoration. Land Contam Manag, 11 (3) (2003), pp. 323-338

https://doi.org/10.1016/j.biombioe.2015.04.015
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Switchgrass
Switchgrass is a perennial, grass, originating from North America, which follows the C4 photosynthetic pathway. The 
most common species is Panicum virgatum L. and has been cultivated as forage grass crop for more than a decade in the 
US, Europe, Asia and Africa. Two types of switchgrass are available, lowland and upland. Lowland types grow taller and 
more rapidly than upland ones. They also exhibit stronger growth in heavier and wetter soils. Where adapted, lowland 
varieties currently have higher yielding potential than upland varieties. Upland types are shorter, finer stemmed and 
favor drier soils.

Yields

Yields can reach 10-12 dry tonnes/ ha when the crop is established and managed properly. Experience with growing the 
crop both in the US and Europe indicates that lowland varieties are stronger and more productive than upland ones. 

Regions suitable for cultivation

Suitability map for switchgrass (www.s2biom.eu)

Site location

Switchgrass is most productive on moderately-well to well drained soils of medium fertility and at a soil pH range of 5.0 
to 8.0. It can tolerate wet sites and survive short-term flooding. At sowing, high germination rates could be ensured if the 
soil temperature is around or higher than 20°C Therefore establishment can take place late May – June to ensure warm 
conditions for successful germination.

Planting

Switchgrass is established by seeding. A firm seedbed, proper planting depth, and good weed control during the first year 
are very important. The soil must be warm at planting. Seeds can be broadcast or drilled in rows. As light-seeded species 
they should not be placed deeper than 1–2 cm. Cult packing after drill planting is recommended to have a good seed–soil 
contact. For no-till planting, the soil surface should be rather dry, and seeds should be sown at 0.5–1.3 cm depth. When 
no-till planting is applied, soil moisture is of less concern than with conventional seeding. For no-till planting less seed (9 
kg/ha) is necessary than for conventional seeding (11 kg/ha). A row spacing of 80 cm can be recommended because this 
led to higher yields in the second and third year than row spacing of 20 cm. 

 

http://www.s2biom.eu
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Fertilizers

N fertilization is effective only on poorer quality sites with typically little or no effects at levels above 70 kg/ha/yr. On 
more fertile sites, effects have typically been negative or neutral. N fertilizer should be given in late spring. If the soil 
tests indicate medium or higher P and K levels, no P and K fertilizer is needed at the time of planting. Economically viable 
yields will require fertilization at rates of 50 kg/ha/yr. The effect of N fertilizer, however, can be site specific.

Weeds

Weeds can be a major obstacle for switchgrass establishment, especially summer annuals. They can be reduced by 
growing the appropriate crop the year before. One year prior to switchgrass planting the field should be ploughed 
or chisel ploughed. Broadleaf weeds can be controlled with herbicides, e.g. light rates of 2,4-D. In the first year after 
seeding herbicide may still be necessary to control weeds. A reduction of weed competition can also be achieved by 
infrequent clipping at 6–9 cm.

Harvesting 

Harvesting and baling could be done with commercially available haying equipment after some modifications (Mitchell 
et al., 2008). It is recommended (Vogel et al., 2011) that the cutting height for switchgrass should be higher than 10 cm, 
which keeps the windrows elevated above the soil surface to facilitate air movement and more rapid drying to less than 
20% moisture content prior to baling.

Storage

The harvested material can be balled in large bales, round or rectangular, for storage and transportation (Vogel et al., 
2011). The round bales are suggested when switchgrass is going to be stored outside since they tend to have fewer 
storage losses compared to rectangular bales. The rectangular bales are easier to handle and load onto trucks for 
transport without road width restrictions (Vogel et al., 2011).

Production costs 

Switchgrass

Plantation Lifetime 15

Establishment costs €/ha %

Ploughing 130 15.6

Harrowing 130 15.6

Herbiciding 130 15.6

Initial fertilizing 63 7.6

Sowing/ Planting 200 24

Exit costs (Grubbing up) 142 17

(a) Total Establishment costs 833 100

(b) Annual equivalent of establishment costs180 113

Recurring costs (in all years ex. Harvesting)

Land rent 62 19

Fertilization 73 11.6

Harvesting 86 13.6

180 In cost analysis the establishment costs are annualised and the annual equivalent [e= ci/ 1- (1+ i)-n , where c= purchase cost, i= discount 
rate and n= item lifespan] is added to the recurring costs in order to estimate the total annual equivalent cost.
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Cost of working capital 151 23.9

Other costs (incl. depreciation of travelling gun) 201 31.9

c) Total recurring costs 631 100

Total annual equivalent cost (b+c) 744

Sustainability

Sustainability issue

Land use (iLUC risk)
Higher land productivity when marginal lands used; in case of agricultural lands potential (indirect) land use 
change.

Biodiversity
Can provide winter shelter; birds nesting inside plants; may, however, destroy sensitive habitats (e.g. Steppic 
habitats, High Nature Value farmland, biodiversity rich grasslands) when introduced.

Soil and Carbon stock 
Potential use of marginal lands, which can increase soil quality and soil carbon stock; Can damage soil structure 
(e.g. Harvesting, root removal after 20 years).

Water
In arid circumstances ground water abstraction and depletion possible because of deep roots; Some use of 
fertilizers / pesticides which can be leached to ground water and pollute habitats, but effect is very limited.

Table of properties

Property Description

Moisture content at harvest 20-50%

Bulk density (baled) 130-150 kg/m3

Bulk density at harvest (chopped) 70-100 kg/m3

Calorific value (Net) ~17 GJ/tonne (dry basis)

Ash content Typically 3.5- 5.5%

Ash fusion (melting)temperature 1090 o C

References and Recommended literature

J. T. Biermacher, M. Haque, J. Mosali and J. K. Rogers. Economic Feasibility of Using Switchgrass Pasture to Produce Beef 
Cattle Gain and Bioenergy Feedstock. https://link.springer.com/article/10.1007/s12155-017-9835-6 

Lee DK, Owens VN, Doolittle JJ (2007) Switchgrass and soil carbon sequestration response to ammonium nitrate, manure, and harvest 
frequency on conservation reserve program land. Agron J 99:462. doi: 10.2134/agronj2006.0152  

Wilson DM, Dalluge DL, Rover M et al (2013) Crop management impacts biofuel quality: influence of switchgrass harvest time on yield, 
nitrogen and ash of fast pyrolysis products. BioEnergy Res 6:103–113. doi: 10.1007/s12155-012-9240-0 

180 In cost analysis the establishment costs are annualised and the annual equivalent [e= ci/ 1- (1+ i)-n , where c= purchase cost, i= discount rate and n= item lifespan] 
is added to the recurring costs in order to estimate the total annual equivalent cost.
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Policy recommendations for energy crops in 
marginal/abandoned land in Serbia

Policy framework for energy crops in  
abandoned/marginal land in Serbia

Perennial energy crops can offer significant opportunities for agriculture, environment and energy in Serbia. As the 
market is at very early stages, consistent efforts should be made to develop it by introducing a set of joint policy 
interventions across the value chain. This will imply strong collaboration among the agricultural, environmental and 
energy authorities at local, regional and national level.

The aim of a joint policy framework for perennial energy crops in abandoned/ marginal land in Serbia is to: 

•	 Develop infrastructure for marginal and abandoned land.

•	 Facilitate the establishment and growing of energy crops.

•	 Build on current policies, refine them and introduce tailored mechanisms for heat and cogeneration.

•	 Improve knowledge and social acceptance for energy crops by steering focus towards the use of low quality land 
systems and abandoned land. 

The portfolio of policy mechanisms included in the framework should include:

•	 regulations which will be compliant with existing EU policy regime and ensure the sustainable development of 
energy crops in marginal land as well as the implementation and operation of the respective bioenergy value chains;

•	 financial support for land restoration, crop establishment and annual operation as well as sustainable financial 
mechanisms for supporting private sector biomass projects.

•	 Information provision measures which will ensure there are means to facilitate knowledge transfer, training and 
capacity building activities for land owners, farmers, foresters and local authorities.

Before finalizing the suggested policy framework, an overview and benchmarking of relevant policies should also be 
performed. This will facilitate the final selection of policy interventions and learning from successfully implemented 
measures in other countries with similar situations.

Last, all the above-mentioned policy interventions, once developed, should be open for consultation by key actors and 
validation from them before they are enacted.

The aim of this report is to provide recommendations for policy interventions (in the form of regulations, financing 
mechanisms and information provision measures) which could facilitate the development of perennial energy crops 
businesses in Serbia.

The document is divided in four sections laying out the steps towards policy formation across the perennial crop value 
chains for heat and electricity applications, respective policy interventions as well as selected relevant policies in other 
European countries:
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•	 Develop infrastructure for marginal and abandoned land

•	 Establishing and growing perennial energy crops

•	 Small and medium scale heating (apartment, building, district heating, public buildings)

•	 Perennial energy crops- medium scale CHP (residential district or industry)

For each of them it provides an outlook of the steps required towards policy development and an overview of the 
suggested policy interventions and explain:

• why they are selected; 

• to which specific barrier/ gap/ challenge in the value chain are they targeted to; 

• what is their added value compared to the existing support measures.

In addition, it includes two annexes with detailed policy mechanisms for i) biomass supply and ii) heat and electricity 
applications.

Table 17: Suggested policy interventions181 to facilitate the deployment of abandoned/ marginal land for energy crop 
value chains in Serbia 

Policy relevant fields for 
energy crops in abandoned/ 
marginal land

Current Policy/ 
measure Suggested policy interventions for the future 

Use of abandoned/ marginal 
land for energy crops

Law on Agricultural 
Land (LAL)

Law on Forests

Regulations 
•	 Permits from the municipal authority to:
•	 Develop the plan for use of agricultural land
•	 Develop the design-planning documentation for the establishment of energy crops plantation
•	 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

•	 Use agricultural land for non-agricultural purposes – sector for agricultural land
•	 Permit in the field of infrastructure and spatial planning, construction and urban planning
•	 Application for defining the water management requirements – water management sector

Financing
•	 Investment subsidies for the cultivation on voluntarily set aside land

Information provision
•	 Strategy/Action Plan for the cultivation of perennial crops on voluntarily set aside land

Sustainable management and 
cropping practices

Regulations
•	 Regulatory framework for sustainable crop practices 
•	 Application for environmental permits – requirements of the Nature Protection Service  
•	 Application for permits related to environmental protection (strategic environmental impact 

assessment) – environmental protection sector
•	 Application for permits related to soil protection (soil protection plan, annual soil protection 

programme, and soil monitoring programme)

Financing
•	 Subsidies for establishment of perennial energy crops in marginal land

Information provision
•	 Capacity building for land owners, farmers, foresters and local authorities

181  Regulations in purple, financing mechanisms in light green and information provision in light yellow
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Perennial crops
small scale heating (household 
level)

Energy Law
Feed in tariffs- no 
differentiation on 
feedstock

Financing
•	 Investment subsidy for heating applications and loans for CHP based on energy crops from 

abandoned/ marginal land. 
•	 Feedstock bonus for CHP 

Perennial crops
medium scale heat driven 
(district heating, public 
buildings, industry, etc.)

Sorghum
Anaerobic co-digestion (micro 
– on-farm) of manure/ sorghum 
and CHP

Financing
•	 Feed-in tariff/ premiums for existing biogas plants that use co-digestion with sorghum.

Sorghum
Anaerobic co-digestion 
(medium scale) of manure/ 
sorghum and CHP

Information provision
•	 Standards and certification
•	 Capacity building for utilities, industries and local authorities

Development of infrastructure for marginal and 
abandoned land
Several types of marginal land can be identified. According to FAO, marginal land is land having limitations which in 
aggregate are severe for sustained use due to a) increased inputs to maintain productivity, b) low fertility, poor drainage, 
shallowness, salinity, steepness of terrain, unfavorable climatic conditions, c) difficult market accessibility, small holdings, 
poor infrastructure and d) limited options for diversification.

The first step towards developing policy for marginal land is to make a detailed assessment of such land types and the 
respective marginality factors in the country. Following this, policy formation and planning procedures can take place 
addressing the individual characteristics of the regions and land type addressed. 

Figure 12: Steps towards developing policy for marginal land 
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The following table provides an overview of the suggested policy interventions and explain:

• why they are selected; 

• to which specific barrier/ gap/ challenge in the value chain are they targeted to; 

• what is their added value compared to the existing support measures.

Table 18:  Rationale and expected added value from the suggested policy interventions for the development of infra-
structure for marginal and abandoned land

Suggested policy intervention (R; 
F; IP182) Why they are selected?

To which specific barrier/ gap/ 
challenge in the value chain are 
they targeted to?

What is their added value 
compared to the existing support 
measures?

Strategy for exploitation of marginal 
land types (R)

To provide the guiding principles 
for the development of 
infrastructure for abandoned 
and marginal land Lack of evidence-based planning 

documentation for the potential 
uses of marginal land

Can build on Laws on Agricultural 
Land and Forests and develop 
strategic, concrete actions and 
time-planning

Action plan for the development of 
infrastructure to exploit marginal 
land (R)

To set concrete actions under 
short (2025) and medium term 
(2030)

Regulations for the use of agricultural 
land for non-agricultural purposes (R)

To set the regulatory framework 
for the use of agricultural land 
for energy purposes

Unclear arrangement for land use 
change to energy crops; no clarity 
for private land owners that will to 
use their marginal land for energy 
crops

Clear framework and procedures 
for the use of agricultural land for 
energy purposes

Regulations for soil quality, 
biodiversity, water management and 
ecosystem services (R)

To set the framework for 
sustainable management of 
energy crop plantations

No framework for energy crops 

Guidance and sustainability 
criteria for the establishment 
and management of energy crop 
plantations

Financing capital cost to improve 
quality and infrastructure of marginal 
land (F)

To establish the market for 
growing energy crops

Absence of funding
Financial support for land 
restoration, crop establishment and 
annual operation

Capacity building at regional/ local 
level for governmental and planning 
authorities, farmers, foresters and land 
owners (IP)

To improve knowledge among 
the relevant stakeholders for 
rehabilitation of marginal land 
and improved infrastructure 
opportunities

Limited activities for training and 
education on this topic

Improve knowledge and social 
acceptance for energy crops

The above suggested policy interventions are based on the assessment of the current state of market for energy crops 
in Serbia and build on similar mechanisms applied in other European countries. 

182  R: Regulation; F: Financing; IP: Information Provision
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To ensure their validity, applicability and wider acceptance, it is recommended to perform a set of consultations with 
both local and national authorities.

Establishing and growing perennial energy crops
Growing energy crops under sustainable practices can be a land use option which may boost farm incomes and the rural 
economy in general183. High yielding perennial grasses and short rotation forest species, when grown on a commercial 
scale, can produce over 400 GJ ha/yr under good growing conditions, leading to positive input/output energy balances 
for the overall system. 

Perennial crops suitable for Serbia include among others poplar (Populus spp.), willow (Salix spp.), miscanthus 
(Miscanthus spp.), switchgrass (Panicum virgatum) and Reed canary grass (Phallaris arundinacea). Giant reed (Arundo 
donax) can also be considered for areas close to river/ lake zones. 

Figure 13: Steps towards developing policy for perennial energy crops in marginal land 

The market for such crops to be grown and utilised for energy purposes is still at very early stages and careful planning 
and policy formation should take place to facilitate its successful development. Figure 2 provides an outlook of the steps 
required towards policy development and Table 2 below provides an overview of the suggested policy interventions and 
explain:

• why they are selected; 

• to which specific barrier/ gap/ challenge in the value chain are they targeted to; 

• what is their added value compared to the existing support measures.

183 Askew MF, Holmes CA (2001) The potential for biomass and energy crops in agriculture in Europe, in land use, policy and rural 
economy terms. Biomass and Energy Crops II, Aspects of Applied Biology, 65, 365–374.
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Table 19: Rationale and expected added value from the suggested policy interventions for  
perennial energy crops in marginal land 

Suggested policy intervention (R; F; 
IP184) Why they are selected?

To which specific barrier/ gap/ 
challenge in the value chain are 
they targeted to?

What is their added value 
compared to the existing 
support measures?

Strategy for the cultivation of perennial 
crops on voluntarily set aside land (R)

To provide the guiding principles for 
appropriate crop types in abandoned/ 
marginal land and their cultivation 
practices

Lack of evidence-based strategic 
documentation for energy crops in 
abandoned/ marginal land

Can build on Laws on Agricultural 
Land and Forests and develop 
strategic planning with concrete 
actions and time-planningAction plan for the cultivation of perennial 

crops on voluntarily set aside land (R)
To set concrete actions under short 
(2025) and medium term (2030)

Regulatory framework for sustainable 
energy crop practices and water 
management (R)

To set the regulatory framework for 
sustainable energy crop practices and 
water management

Plantations for energy purposes in 
Serbia are not regulated by a separate 
law

Framework for sustainable crop 
practices and water management

i) environmental permits – requirements of 
the Nature Protection Service; ii) for permits 
related to soil protection 
(R)

To establish a set of administration 
procedures that are required for the 
establishment and growing of energy 
crops in abandoned/ marginal land

No administration procedures for 
energy crops

Administration procedures for 
sustainable crop practices and 
water management

Subsidies for establishment of energy crops 
in marginal land (F)

To introduce tailored funding for 
facilitating market development for 
energy crops

Lack of legislation to provide financial 
support for the establishment and 
annual operation of energy crops

Provide financing opportunities 
for energy crop supply

Standards for pellets from perennial energy 
crops (IP)

To set appropriate standards 
according to the international and 
European protocols

No standards for energy crops
Develop appropriate 
standardisation procedures for 
energy crops

Capacity building for land owners, farmers, 
foresters and local authorities (IP)

To improve knowledge among the 
relevant stakeholders for growing 
energy crops

Limited activities for training and 
education on this topic

Increased acceptance of energy 
crops establishment and growing

The above suggested policy interventions are based on the assessment of the current state of market for energy crops 
in Serbia and build on similar mechanisms applied in other European countries. 

To ensure their validity, applicability and wider acceptance, it is recommended to perform a set of consultations with 
both local and national authorities.

184 R: Regulation; F: Financing; IP: Information Provision
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Relevant measures in other countries

Austria

CAP implementation (LWG Landwirtschaftsgesetz)

The European Common Agricultural Policy (CAP) provides a framework for financial support to farmers (Pillar 1 – Direct 
Payments) and national rural development programmes (Pillar 2 – Rural Development). The new CAP 2014-2020 has 
been presented in 2014, and Member States has adapted their national approach within this framework. In 2015 the 
new Austrian CAP (LWG) came into force.

ÖPUL – Austrian Agri-environmental Programme 2007 (Österreichisches Agrar-Umweltprogramm ÖPUL)

Unlike some other EU countries which apply their environmental programmes only in specific, environmentally sensitive 
areas, Austria chose an integral, horizontal approach for its agri-environmental program, aiming at the participation of 
Austrian farmers all over the country. In 2012, 526 million EUR were paid to 11,200 holdings for 2.2 million hectares 
under the programme. Around 110,200 farms, i.e. 74.6% of all agricultural holdings, managing 89% of the utilised 
agricultural area, participate in ÖPUL. This high participation rate in the Agri-environmental Programme puts Austria 
first among the EU Member States. The areas covered by ÖPUL (not including pastures) account for approximately 2.20 
million hectares. The average aid amounted to 4,800 EUR per holding.

ÖNorm EN14961 - Solid biofuels standard

This Austrian standard makes for the national implementation of EN 14961 parts 1 - 6; Part 1: General requirements; Part 
2: Wood pellets; Part 3: Wood briquettes; Part 4: Wood chips; Part 5: Log wood; Part 6: Non woody pellets. 

Classification based on origin and source, major traded forms and properties. It includes (1) woody biomass; (2) 
herbaceous biomass; (3) fruit biomass; (4) biomass blends and mixtures (blends = intentional, mixtures = unintentional) 
and includes special requirements for chemically treated biomass. EU standards have to be implemented by the national 
standard organizations.

Austrian standard ÖN C 4005

EN 14961 is accompanied by the national standard C 4005 for the more practical application. It focuses on wood chips and 
shredder wood in firing facilities below 500 MW. It provides an easier qualification of wooden fuels, less classification and 
lists of typical values for the ash content etc. On the basis of ÖNORM EN 14961-1, wooden forest offcuts are defined as 
solid fuel originating from “forest and plantation wood as well as freshly-cut wood” sold under the designation “chipped 
wooden offcuts” and “shredder wood”. This ÖNORM shall be applied jointly with ÖNORM EN 14961-1.

ÖN EN ISO 17225 - International Standard for solid biofuels

The new worldwide standard for wood fuels is still in the national implementation process and its implementation will 
replace the EN 14691 and will change the ÖNORM C 4005. The ÖN EN ISO 17225 covers solid biofuels - Fuel specifications 
and classes - Part 1: General requirements; Part 2: Graded wood pellets; Part 3: Graded wood briquettes; Part 4: Graded 
wood chips; Part 5: Graded firewood; Graded non-woody pellets; Graded non-woody briquettes. Producers should be 
oriented on this standard or the national standard.

Germany

CAP implementation

The European Common Agricultural Policy (CAP) provides a framework for financial support to farmers (Pillar 1 - Direct 
Payments), and national rural development programmes (Pillar 2 - Rural Development). The new CAP 2014-2020 has 
been presented in 2014, and Member States has adapted their national approach within this framework. In 2015 the 
new German CAP (LWG) came into force.
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- In line with European Common Agricultural Policy

Joint Task on Agricultural Structures and Coastal Protection (GAK)

In Germany, the Joint Task for the Improvement of Agricultural Structures and Coastal Protection (GAK) is an essential 
element of the National Strategy for the Development of Rural Areas and constitutes the thematic and financial core of 
many Länder programmes.

Financial support within the framework of the Joint Task is aimed at making the agricultural and forestry sectors efficient, 
competitive and oriented towards future challenges, while safeguarding the vitality of rural areas and improving coastal 
protection. It is the most important national support instrument for agriculture, coastal protection and rural areas.

The GAK contains a broad range of agristructural and infrastructural measures. Through the scheme, more than EUR 600 
million of federal funds alone are made available for the development of agriculture and rural areas every year. Together 
with the Länder funds, the total resources of the GAK amount to more than EUR 1 billion a year. Added to this is funding 
from the European Agricultural Fund for Rural Development (EAFRD) in the order of nearly EUR 1.2 billion alongside 
additional funding from the Länder and municipalities.

Fertilization Ordinance (DüV)

Regulation on the application of fertilizers, soil amendments, designed composite soils and plant additives according to 
the principles of good agricultural practice in fertilizer.
- In line with European Nitrates Directive

National Sustainability Strategy of the Federal Government

The National Sustainable Development Strategy was first presented at the UN World Summit on Sustainable 
Development in Johannesburg in 2002. Through a total of three extensive reports (2004, 2008, 2012), this strategy has 
been continuously updated. One priority field of action is to increase the share of organic farming up to 20 percent of 
agricultural area in Germany. A national fund supports measures increasing the public awareness of organic farming and 
supporting capacity building. 

- In line with regulation on organic food and agriculture EC 834/2007

Spain

Law 45/2007 for the sustainable development of rural areas

Law 45/2007 aims to contribute towards the balanced development of rural areas, comprehensively influencing 
the economic aspect (continuing traditional production activities and promoting diversification), the social aspects 
(improving the population’s quality of life by ensuring basic services) and in preserving natural and cultural resources. 
The Law recognizes that rural areas are characterised by a negative demographic dynamic, with significant falls in 
population and a large elderly population, by a strong dependence on agricultural activities and a significant burden 
from the protected natural areas. The Law establishes the programming of actions coordinated at all levels of Public 
Administration, together with the participation of the rural population through its associations. This programming is 
implemented using a variety of instruments, in particular the National Programme of Sustainable Rural Development.



107

Republic of Serbia
Ministry of Mining and Energy

Small and medium scale heating 
Small and medium scale heating can offer sustainable solutions for households and buildings in public and commercial 
sectors. The market in Serbia is developing and these market segments are recognised as very significant by the relevant 
actors and initiatives in the country185,186.

Figure 14: Steps towards developing policy for Small and medium scale heating

To further facilitate market uptake of energy crops in these market segments policy interventions should target tailored 
financing, standardization and capacity building activities.

Figure 3 provides an outlook of the steps required towards policy development and Table 4 below provides an overview 
of the suggested policy interventions and explain:

• why they are selected; 

• to which specific barrier/ gap/ challenge in the value chain are they targeted to; 

• what is their added value compared to the existing support measures.

185  World Bank project “Sector Study on Biomass-based Heating in the Western Balkans”
186  Development of a Sustainable Bioenergy Market in Serbia (DKTI); http://www.bioenergy-serbia.rs/index.php/en/ 

http://www.bioenergy-serbia.rs/index.php/en/
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Table 20: Rationale and expected added value from the suggested policy interventions for  
small and medium scale heating

Suggested policy intervention 
(R; F; IP3) Why they are selected?

To which specific barrier/ gap/ 
challenge in the value chain are 
they targeted to?

What is their added value compared to the 
existing support measures?

Investment mechanisms for 
switching from electric heating 
appliances to efficient biomass 
stoves in households (F) To establish tailored financing for 

energy crop pellet and combined 
wood/ energy crop pellet stoves

Limited financing options available 
Adding to the current measures and introducing 
energy crop pellets as a biomass fuelInvestment mechanisms for 

conversion from inefficient 
to efficient biomass stoves in 
commercial and industrial buildings 
(F)

Introduce premiums for energy 
crops (F)

To give priority for domestically 
produce energy crops

No biomass feedstock diversification 
in current policy

A dedicated premium is expected to strengthen 
the uptake of locally produced energy crops

Standards and certification (IP)
To set appropriate standards 
according to the international and 
European protocols

No standards for energy crop pellets
Complement current biomass standards with 
additional ones for energy crop pellets and 
stoves/ boilers

Capacity building for utilities, 
industries and local authorities (IP)

To improve knowledge among the 
relevant stakeholders for heating 
with energy crop pellets

Limited activities for training and 
education on this topic

Increased knowledge and public acceptance of 
heating from energy crop pellets

The above suggested policy interventions are based on the assessment of the current state of market for energy crops 
in Serbia and build on similar mechanisms applied in other European countries. 

To ensure their validity, applicability and wider acceptance it is recommended to perform a set of consultations with 
both local and national authorities.

Relevant measures in other countries

Austria

ÖNORM M 9466 - Standard containing emission limits for wood boilers > 50kW

Emission limits for air contaminants of wood incineration plants of a nominal fuel heat output from 50 kW onwards. The 
standard covers Acceptance inspection, Continuous operation, Firewood, Ratings, Pollution of the air, Air purification, 
Installation locations, Limitation of emissions, Firing plants, Measurement conditions, Nominal thermal output, Wear-
quantity, Methods for measuring, Measurement, Terminology, Surveillance (approval), Definitions, Test reports, Testing.

Climate and Energy Fund: Subsidy scheme wood heating (Klima- und Energiefonds FHS)

The Climate and Energy Fund is subsidy scheme (for private households) for the implementation of pellet and wood-chip 
central heating systems and pellet stoves. The subsidy applies to the substitution of fossil-fuel-based heating systems 
with renewable-energy-based ones. Installations must be operated either with wood chips or pellets. Log wood boilers 
are not subsidised.

187 R: Regulation; F: Financing; IP: Information Provision
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Germany

Emission Control Act (BImSchG)

The purpose of the Immission Control Act is to protect humans, animals and plants, soil, water and atmosphere, cultural 
and other goods from environmental hazards and prevent further environmental hazards. The BImSchG links to several 
Implementation Ordinances, the main ones relevant for biomass use are:
- 1. BImSchV: small and medium sized boilers: regulates the type of feedstock to burn in small and medium sized boil-

ers, the thresholds for certain emissions and the efficiency of the applications.
- 4. BImSchV: installations subject to licensing 

Renewable Energy Sources Act  - Act on Granting Priority to Renewable Energy Sources (EEG)

In Germany, the most important means to promote electricity from renewable sources is the feed-in tariff as set out 
in the EEG. The act aims to increase the proportion of electricity from renewable energy sources in total energy supply 
from at least 35% in 2020 to at least 80% by 2050 and to integrate these quantities of electricity in the electricity supply 
system. The amount of tariff for a given plant is the tariff level as defined by law minus the degression rate, which 
depends on the year in which the plant was put into operation. 

For the scope of application of the EEG, the BiomasseV Ordinance regulates which substances are classed as biomass, 
the substances for which an additional substance-based tariff may be claimed, which energy-related reference values are 
to be used to calculate this tariff and how the substance-based tariff is to be calculated, which technical procedures for 
electricity generation from biomass fall within the scope of application of the Act and which environmental requirements 
must be met in generating electricity from biomass. 

The Biomass Sustainability Regulation stipulates the sustainability requirements for bioliquids, according to the 
Renewable Energy Directive.

- In line with European Renewable Energy Directive 2009/28/EC

Ordinance on the Generation of Electricity from Biomass (BiomasseV)

For the scope of application of the EEG, the BiomasseV Ordinance regulates which substances are classed as biomass, 
the substances for which an additional substance-based tariff may be claimed, which energy-related reference values are 
to be used to calculate this tariff and how the substance-based tariff is to be calculated, which technical procedures for 
electricity generation from biomass fall within the scope of application of the Act and which environmental requirements 
must be met in generating electricity from biomass.

Biomass Sustainability Regulation (BioSt-NachV)

The Biomass Sustainability Regulation stipulates the sustainability requirements for bioliquids, according to the 
Renewable Energy Directive. Operators of plants producing electricity from liquid biomass under the EEG or – by cross-
reference with the EEWärmeG – obligated under EEWärmeG when fulfilling commitment through liquid biomass

Market Premium (EEG, § 33g)

Instead of receiving the feed-in tariff for electricity from renewable sources, a plant operator may choose to sell his 
electricity directly, i.e. to a third party by a supply agreement or at the stock market, and claim the so-called market 
premium from the grid operator. The amount of the market premium shall be calculated each month. In general, plant 
operators are free to choose between the feed-in tariff and the market premium for direct selling. Biogas plants with an 
installed capacity of more than 750kW put into operation after 31 December 2013 will not be eligible for a feed-in tariff, 
but they are eligible for a market premium.
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Flexibility Premium (EEG, § 33i)

The operators of biogas plants who sell their electricity directly, i.e. sell them to third parties by supply agreements or 
at the stock market, may claim a flexibility premium for providing additional installed capacity for on-demand use. For 
a plant operator to be eligible for the flexibility premium, he shall provide additional installed capacity that may only be 
used on demand rather than on a regular basis. This premium may be received on top of and separately from the market 
premium.

Renewable Energies Heat Act - Act to Promote Renewable Energy for Heating Purposes (EEWärmeG)

EEWärmeG regulates the obligation to use renewable energy in new buildings. Owners of new buildings must cover 
part of their heat supply with renewable energies. This applies to residential and non-residential buildings for which a 
building application or construction notification was submitted after 1 January 2009. The share depends on the source 
of renewable energy used in the building. It is 15% for solar energy, 30% for heat from a biomethane or biogas fired 
CHP plant and 50% for other sources. Among these other sources, biomass fuels (firewood, pellets, chips, etc.) can only 
be used in high-yield boilers that comply with air quality legislation. The law is supplemented by the Market Incentive 
Programme (MAP). Public buildings are stimulated to take an exemplary role.

The Biomass Sustainability Regulation stipulates the sustainability requirements for bioliquids, according to the 
Renewable Energy Directive.

- In line with European Renewable Energy Directive 2009/28/EC

BAFA renewable heat investment support

In the framework of the Market Incentive Programme (MAP) BAFA provides investment support for heat produced in 
existing buildings. For biomass the following technologies are supported: 

•	 Plants with automatic feeding for the burning of solid biomass for thermal usage ≤ 100 kW nominal heat output 
•	 Low emission logwood boilers ≤ 100 kW nominal heat output (Scheitholzvergaserkessel) 
•	 Secondary measures for emission reduction and efficiency of plants with ≤ 100 kW nominal heat output

KfW Renewable Energy Programme Premium

In the framework of the Market Incentive Programme (MAP), KfW provides low-interest loans with grant payback 
support for the development and expansion of heat installations/plants. Support is given to: 

•	 Plants for the purification of biogas to natural gas quality and biogas pipelines for non-purified biogas 
•	 Plants with automatic feeding for the burning of solid biomass for thermal use >100 kW nominal heat output 

including hot water storage 
•	 CHP using solid biomass including buffer storage.

Slovakia

Programme for the Higher Use of Biomass and Solar Energy in Households

Investment support for the use of solar energy and biomass for heating and hot water for apartments and houses is 
available for individuals in the form of subsidies for biomass boilers and solar thermal systems.

The scheme was optimised through the approval of a new law, Act No 181/2011 on the provision of subsidies within the 
competence of the Ministry of Economy of the Slovak Republic. The support of biomass boilers is addressed to house 
owners or co-owners. The duration of the scheme was from 2008 to 2015.



111

Republic of Serbia
Ministry of Mining and Energy

Spain

BIOMCASA II

Resolution dated December 12, 2012, establishing the regulatory basis and call for the authorization of collaborating 
companies in the programme for the implementation of projects on the use of biomass for heating in buildings 
(BIOMCASA II).

The Biomcasa II programme is a continuation of the Biomcasa programme. The aim of the programme is to establish 
a funding mechanism that promotes quality and is tailored to the specific needs of users of biomass systems. Private 
or public companies dealing in the supply and installation of biomass systems and Energy Service Companies may 
participate in this scheme and gain access to funding, as long as they can demonstrate a certain level of quality in 
technical services and organisational structure. The total available budget of the programme is EUR 5 million.

100% of the project costs can be covered, but there is a maximum limit of EUR 350,000 per individual project and a 
maximum of EUR 1 million per qualified company. 

Royal Decree 314/2006 approving the Technical Building Code

The Technical Building Code (TBC), approved by Royal Decree 314/2006, is the regulatory framework that establishes the 
demands to be met by buildings in terms of the basic security and living conditions requirements. To enhance innovation 
and technological development, the TBC has adopted a more modern, international approach in the field of building 
regulations: codes based on features and objectives. The Technical Code contains an Energy Saving Document where the 
basic requirements in energy efficiency and renewable energy that must be met in new buildings and interventions in 
existing buildings are described.

Royal Decree 1027/2007 approving the regulation for thermal installations in buildings

Royal Decree 1027/2007 forms the basic legislative framework laying down the energy efficiency and safety requirements 
to be met by heating and cooling systems in buildings with a view to meeting people’s comfort and hygiene demands 
during their design and sizing, construction, maintenance and use, and also to specify the procedures intended to 
provide evidence that these requirements have been met. Regarding energy efficiency, the mentioned requirements 
should lead to a reduction of the consumption of conventional energy by the heating and cooling systems and, as a 
result, of the GHG emissions and other atmospheric pollutants, by using energy efficient systems and systems allowing 
energy recovery and the use of renewable energies.

Perennial energy crops- small and medium scale CHP 
Small and medium scale CHP can offer sustainable solutions for industries and buildings in public and commercial 
sectors. The market in Serbia is developing and these market segments are recognised as very significant by the relevant 
actors and initiatives in the country188,189.

188  World Bank project “Sector Study on Biomass-based Heating in the Western Balkans”
189  Development of a Sustainable Bioenergy Market in Serbia (DKTI); http://www.bioenergy-serbia.rs/index.php/en/ 

http://www.bioenergy-serbia.rs/index.php/en/
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Figure 15: Steps towards developing policy for small and medium scale CHP

To further facilitate market uptake of energy crops in these market segments policy interventions should target tailored 
financing, standardization and capacity building activities.

Figure 4 provides an outlook of the steps required towards policy development and Table 5 below provides an overview 
of the suggested policy interventions and explain:

• why they are selected; 

• to which specific barrier/ gap/ challenge in the value chain are they targeted to; 

• what is their added value compared to the existing support measures.

Table 21: Rationale and expected added value from the suggested policy interventions  
for small and medium scale CHP

Suggested policy intervention 
(R; F; IP190) Why they are selected?

To which specific barrier/ gap/ 
challenge in the value chain are 
they targeted to?

What is their added value compared to the 
existing support measures?

Investment subsidy and loans for 
CHP based on energy crops from 
abandoned/ marginal land. 

To establish tailored financing for 
energy crop based CHP

Limited financing options available 
Adding to the current measures and introducing 
energy crops as a biomass fuel

Combined Heat and Power Act
To reinforce biomass and energy 
crop based CHP

Prioritise biomass/ energy crop 
based CHP applications

190 R: Regulation; F: Financing; IP: Information Provision
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Introduce premiums for energy 
crops

To give priority for domestically 
produce energy crops

No biomass feedstock diversification 
in current policy

Dedicated premiums/ feed in tariffs are expected 
to strengthen the uptake of locally produced 
energy crops

Feed-in tariff/ premiums for existing 
biogas plants that use co-digestion 
with sorghum

Standards and certification
To set appropriate standards 
according to the international and 
European protocols

No standards for energy crop pellets
Complement current biomass standards with 
additional ones for energy crop pellets and 
stoves/ boilers

Capacity building for utilities, 
industries and local authorities 

To improve knowledge among the 
relevant stakeholders for CHP with 
energy crops

Limited activities for training and 
education on this topic

Increased knowledge and public acceptance of 
energy crop CHP plants

The above suggested policy interventions are based on the assessment of the current state of market for energy crops 
in Serbia and build on similar mechanisms applied in other European countries. 

To ensure their validity, applicability and wider acceptance, it is recommended to perform a set of consultations with 
both local and national authorities.

Relevant measures in other countries

Austria

Green Electricity Act – Federal Act on the Support of Electricity Produced from Renewable Energy Sources 
(Ökostromgesetz ÖSG 2012)

Electricity from renewable sources is supported mainly through a guaranteed feed-in tariff. The operators of renewable 
energy plants are entitled to the conclusion of a contract with a government purchasing agency, the Clearing and 
Settlement Agency, on the purchase of and payment for electricity as long as funds are available. Biogas and biomass 
installations should reach an efficiency of at least 60%. Targets for additional installations in the period 2010 to 2020 
according to the Green Electricity Act: Hydro 1,000 MW, Wind 2,000 MW, PV 1,200 MW, Biomass and Biogas 200 MW 
(provided that sufficient resources are available); 

Green electricity lump sum fee starting from 11 Euro p.a. up to 35,000 Euro p.a. depending on grid level with exemptions 
for low-income households; the customer also has to pay a Green electricity funding contribution as a surcharge to 
network tariffs; suppliers pay market prices for electricity (hourly day-ahead spot market price EEX/EXAA) plus price for 
certificates of origin (determined in a decree of the Energy Regulatory Authority); the level of feed-in tariffs is set in the 
“Ökostrom-Einspeisetarifverordnung”.

Green electricity feed-in tariff regulation (Ökostrom-Einspeisetarifverordnung)

The regulation concerns feed-in tariffs for green power from solid, liquid and gaseous fuels. Feed-in tariffs for renewable 
electricity were determined in Sept. 2012 by the Federal Ministry for Economics, Family and Youth (ÖSET-VO 2012). 
Tariffs for bioenergy range from approx. 5 cent/kWh to 19.50 cent/kWh, depending on the plant type, biomass used and 
the overall efficiency (in the case of small scale CHP plants up to 0.5 MW based on solid wood only). For plants using 
waste material (e.g. wood residues, biogenic waste), tariffs are reduced by 20% (e.g. sawdust) to 40% (e.g. wood waste 
from particle board). In December 2013 an amendment to the regulation was made, reducing tariffs for bioenergy plants 
by 1% p.a.

190 R: Regulation; F: Financing; IP: Information Provision
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Electricity Act 2010 (Elektrizitätswirtschafts- und –organisationsgesetz ElWOG 2010)

This act secures a certain quality of the electricity supply in Austria. The regulations cover the production, distribution 
and supply of electricity, as well as the organisation of the electricity industry. For customers, the act regulates the 
tariffs, accounting, internal organisation and transparency of electricity providing companies. It also provides regulations 
on rights and obligations of the electricity industry.

Combined Heat and Power Act (Kraft-Wärme-Kopplungsgesetz KWKG)

This federal act regulates the uniform distribution of subsidies for combined heat and power facilities. The act promotes 
the financial support for the modernisation of existing facilities as well as investment subsidies for new CHP facilities. 
For the regulatory structure in Austria is CHP considered to be eligible for a long term funding. The Austrian Energy 
Liberalisation Act implemented on 1 December 2000 included the Federal Act providing new rules on the organisation 
of the electricity sector, “ELWOG 2000” (Electricity Act 2000). This act enabled the executive laws of the nine federal 
provinces (Länder) to oblige grid companies to purchase electricity from CHP plants, provided that they served public 
district heating supply. It also stipulated that a minimum payment per kWh to be granted to CHP-generated electricity 
serving public district heating.

Belgium- Flemish region

Energy Decree - Decree of 8 May 2009 concerning general provisions related to energy 

The Energy Decree bundles all prior energy related decrees, e.g. electricity and gas decree, and stipulates general 
conditions for energy policy in Flanders. The following relevant parts can be identified:
- Green power certificates
- CHP certificates
- Grid injection tariffs
- Green heat support

 Green Power Certificates

The region of Flanders uses a quota system and a certificate trading scheme to support renewable electricity. In general, 
all renewable electricity generation technologies are eligible for the quota system - waste streams or woody material 
which can be recycled or used by processing industries (e.g. the paper or wood industry) are not entitled to receive 
green power certificates. The green electricity certificates are issued by the Flemish regulatory authority (VREG). The 
amount of electricity to be produced for one certificate varies across technologies and is based on a technology-specific 
banding factor. This so called banding factor accounts for the specific technology costs and efficiencies for amortisation. 
Energy for pretreatment and transport are substracted from green power certificates. The grid operators are obliged to 
meet their quota obligations, i.e. present green certificates for the quota defined by law, every year by 31 March.

CHP Certificates - Decision of the Flemish Government of 7 July 2006 for the promotion of electricity produced in 
qualitative cogeneration installations 

In Flanders each electricity supplier has been obliged since 2005 to contribute to the saving of a specific quantity of 
primary energy by means of qualitative cogeneration. CHP producers are eligible for CHP certificates and they can sell 
these certificates to electricity producers that need to fulfil their certificate obligations.. The amount of CHP certificates 
granted for 1000 kWh of primary energy saved in a qualitative CHP-facility compared to a situation in which the same 
quantity of electricity or heat were produced separately is multiplied with the respective banding factor.  If an electricity 
supplier submits too few certificates, they have to pay an administrative fine of 45 EUR per missing CHP-certificate. 

CHPs on biomass are also entitled to receive CHP certificates (next to green power certificates). Depending on the type 
of biomass, different reference efficiencies are used to calculate if it is a qualitative CHP.
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Grid injection tariffs – Decree of 23 Dec 2010 to avoid the use of injection tariffs for electricity produced by renewable 
energy sources and quality combined heat and power

The grid operator performs all the tasks necessary for the injection of electricity produced by renewable energy sources 
and qualitative combined heat and power free of charge, except for the connection to the distribution network.

Green heat support - Decision of the Flemish Government of September 13, 2013, regarding the establishment of a 
support system for green useful heat

Support for green heat produced from large-scale facilities using biomass (> 1 MW). The system works with calls.  For 
the call, projects that inject biomethane into the gas network are also taken into account. The projects will be rewarded 
a premium per MWh of heat produced (or gas injected). The maximum support is 6 EUR per MWh.

Croatia

Decision on publication of rules on state support for environment protection (OG 154/08)

The Decision sets detailed rules for receiving state support for environmental protection activities, by entrepreneurs. 
Support is given for activities related to RES, waste management, energy savings, research in environment protection 
field, cogeneration and district heating. Support can also be in the form of reduced or exempted taxes for environment 
protection. The new Decision on guidelines for state support policy for the period 2014-2016 (OG 130/13) states that 
energy savings, promotion of RES and high-efficient cogeneration are main goals in the mentioned period.

Tariff System for Electricity Production from Renewable Energy Sources and CHP (OG 133/13, 151/13, 20/14) 

In Croatia, renewable energy is mainly supported through a feed-in tariff. Every producer, who holds the status of 
“qualified producer” and has signed a formal agreement with the Croatian Energy Market Operator (HROTE) has the right 
to receive an incentive depending on the type of RES technology and power output of his RES-E plant or PV installation, 
as is defined in the Tariff System.

Regulation on the Fee to Encourage the Production of Electricity from Renewable Energy Sources and CHP (OG 144/11, 
128/13)

This regulation determines the manner of use, the amount, calculation, collection, allocation and payment of fees that 
are designed to encourage the production of electricity from RES.

Fund for Environmental Protection and Energy Efficiency Act (OG 107/03, 144/12)

The Fund for Environmental Protection and Energy Efficiency awards interest-free loans, investment grants/subsidies 
and donations, to renewable energy projects through a tendering process. They apply to all natural and legal persons 
with a seat in Croatia.

HBOR Loan Programme for Environmental Protection, Energy Efficiency and Renewable Energy Sources

Renewable energy loans are issued by the Croatian Bank for Reconstruction and Development (HBOR).  In accordance 
with the provisions of the Environmental Protection Act (OG 80/13), the State is bound to support and finance projects 
aiming at environmental protection.  The HBOR is obliged to support projects aiming at environmental protection. On 
this basis, the HBOR has launched the Loan Programme for Environmental Protection, Energy Efficiency and Renewable 
Energy, which supports investments in primary sources, such as initial funding, land, buildings, equipment and devices.
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Finland

National Energy and Climate Strategy -Government Report to Parliament on 20 March 2013. Key objectives of the 
strategy update included ensuring that the national targets for 2020 are achieved and to prepare a pathway towards 
meeting the long-term energy and climate objectives set by the EU. As specified in the Government programme, the 
new strategy entails a programme to reduce oil dependence. The Government approved the strategy update on 20th 
March 2013. Key objectives of the strategy update are to ensure that the national targets set for 2020 are achieved 
and to prepare a pathway towards meeting the long-term energy and climate objectives set by the EU. The update 
to the strategy has been prepared under the guidance of the ministerial working group on energy and climate policy, 
and will be submitted as a Government Report to Parliament. The ministerial working group had a network of officials 
acting as its preparatory body, comprising representatives of the Ministry of Employment and the Economy, Ministry 
of Transport and Communications, Ministry of Agriculture and Forestry, Ministry of Education and Culture, Ministry for 
Foreign Affairs, the Prime Minister’s Office, the Ministry of Finance, and the Ministry of the Environment. As outlined 
in the Government Programme, the long-term goal is a carbon-neutral society, which can be achieved by following the 
roadmap towards 2050, involving an increase in energy-efficiency and the use of renewable energy and drafted on the 
basis of various strategies. Work on the roadmap begun in 2013 and will involve extensive consultation with interest 
groups and citizens.

Government Decision on Energy Efficiency Measures. The objective set for Finland in the Climate and Energy Strategy of 
the Government entails halting and reversing growth in energy end use. Compared to the projected position that would 
arise if no new measures to improve energy efficiency were taken, the goal is to enhance final energy consumption by 
approximately 37 TWh (430 ktoe), i.e. around 11%, by 2020. Correspondingly, the efficiency of electricity consumption 
must be enhanced by some 5 TWh, representing approximately 5%. The longer-term vision entails a further decrease in 
final energy consumption by 2050 of at least one third of the 2020 level.

Energy Efficiency Act (1429/2014) large companies (staff >250, turnover >50 M€, balance 43 M€) has obligatory energy 
audit every 4th year. Industries, buildings, service and banks has to carry out first survey by 5 December 2015. Energy 
audit will include total energy consumption. Law is applied for all large companies, companies distributing DH or cool, 
or all kind fuels, and condensing plants and industrial plants producing surplus heat. Energy efficiency audit will include 
energy consumption, proposed energy saving measures and calculations. It is recommended to use LCA analysis taken 
into account long term savings. In order to increase CHP new or existing plants more than 20 MW condensing or CHP 
plants in industry and energy utilities must carry out cost-benefit analysis. Finland´s target is for final energy consumption 
is 310 TWh (26.6 Mtoe, 1,116 PJ) in 2020.

Energy Efficiency Agreements and Audits. The purpose of the energy efficiency agreement scheme is to contribute, 
in accordance with the national energy and climate strategy, to the fulfilment of our international commitments in 
the fight against climate change. This new agreement scheme is especially important to the implementation of the 
Energy Services Directive (ESD). The Energy Services Directive conferred a nine per cent energy conservation target 
upon Finland for the period 2008–2016, which, translated into energy, amounts to 17.8 TWh (207 ktoe). Under the 
new agreement scheme, efforts have been made to take the obligations of this Directive into account, and Finland 
succeeded in negotiating agreements on the implementation of these obligations as alternatives to regulatory steering. 
Of the energy efficiency agreement sectors, business and industry is the largest, including the whole industrial sector, 
the service sector, energy production as well as district heating, and the electricity transmission, distribution and retail 
market. Structurally, the energy efficiency agreement in business and industry works based on a framework agreement 
signed between the Ministry of Employment and the Economy, the Confederation of Finnish Industries, and industrial 
associations, specifying the mutual obligations of the signatories as well as measures targeted at companies adhering 
to the agreement scheme. There is also Municipal Agreement Sector and Agreement Sector of Distribution of Heating 
and Transport Fuels.

The Act on Production Subsidy for Electricity Produced from Renewable Energy Sources (1396/2010), Decree on 
Production Subsidy for Electricity Produced from Renewable Energy Sources (1397/2010). A feed-in tariff system (sliding 
premium) for which power plants, fuelled with wind, biogas, forest chips and wood-based fuels meeting the prescribed 
preconditions, could be approved. In the tariff system, an electricity producer whose power plant is approved in the 
system will receive a subsidy (feed-in tariff) for a maximum of twelve years. The subsidy varies on the basis of a three-
month electricity market price or the market price of emission allowances. The producer is paid a feed-in tariff, which 
is the difference between the target price and the spot market price (last 3 months’ average) in accordance with the 
amount of electricity produced in a wind power plant, a power plant using biogas and a power plant using wood-
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based fuel, approved for the feed-in tariff system. For electricity produced in a power plant using wood-based fuel or 
a biogas power plant, an increased feed-in tariff is paid in the form of a standard heat premium, if heat is produced for 
utilisation and the overall efficiency of the plant meets the required standards. The purpose of the subsidy in question 
is to promote investments in wind power plants, biogas power plants and power plants fuelled with wood-based fuels, 
and it is dimensioned so as to have the total amount of subsidies paid to the power plant for the feed-in tariff periods 
to compensate for investment costs. The feed-in tariff paid for electricity produced in a forest chip fuelled power plant 
included in the feed-in tariff system is designed to retain the competitiveness of the use of forest chips as fuel in the 
cogeneration of power and heat. The purpose of this subsidy is to promote the replacement of peat with forest chips. 
The Energy Authority approves power plants for the feed-in tariff system, pays the feed-in tariff upon application, and 
manages other official tasks in the feed-in tariff system.

The premium is to be paid for electricity produced by forest chips shall be calculated using the formula:

1. 35.65 -1.824 x peat tax – 1.358 x three-month average emission allowance price when the average emission 
allowance price for three months is at least EUR 10.

2. 22.07 – 1.824 x peat tax when the three-month average price allowance price is less than EUR 10.

Premium will be paid in case 1 if the calculated price is at least EUR 1/MWh. In 2013-2014 premium was EUR 13.1/MWh 
and EUR 15.9/MWh in 2015 and new proposal as of 2016 is EUR 18.0/MWh. This calculation is based on that emission 
allowance price is maximum EUR 10 in 2016. Premium supported electricity production was 3.8 TWh in 2015.

Peat tax in 2014 was EUR 3.4/MWh and new proposal for 2016 is EUR 1.90/MWh. The aid scheme has been modified 
in order to address potential distortion of wood competition in the future. The modification has not yet entered into 
force, and this is subject to Commission’s state aid approval. According to the modification the aid level for electricity 
produced with forest chips would be reduced by 40% (i.e. the reduced fee-in premium would be 60% of the full feed-in 
premium), if the forest chips are produced from industrial roundwood (i.e. logs or pulpwood, BDH > 16 cm) originating 
from a felling site of large-sized trees.

Government Decree on General Terms of Granting Energy Support (1063/2012). The Ministry of Employment and the 
Economy can grant energy support to companies, communities and other organisations, for climate and environment 
investments and surveys that promote: 1) the production or use of renewable energy, 2) energy conservation or efficient 
energy production or use 3) the reduction of environmental hazards arising from energy production or consumption. 
This energy support is particularly intended for promoting the introduction and market launch of new energy technology. 
As general legislation on the granting of energy support, the Act on Discretionary Government Transfers (688/2001) 
applies. Support decisions are mainly processed by local Centres for Economic Development, Transport and the 
Environment. Those projects, which costs exceed EUR 5 million, and those including new technology, are processed by 
the energy department of the Ministry of Employment and the Economy. The primary aim of such support is to enhance 
the profitability of early-stage investment and minimise the risks associated with the introduction of new technology. 
Maximum support for investments 30% and maximum support assessment studies 40% (2003/361/EU legislation).

In Finland there is a new proposal for RES energy technology investment support, when costs are more than EUR 5 million. 
Support is targeted for advanced transport fuels which fulfill RED sustainability requirements are raw material are not 
plants used for food production. It also covers biomass, biogas from waste treatment plants and landfills. Support is also 
targeted for new innovations with high costs and risks. Applier needs to cover at least 25% of costs by non-public funds. 
Support is targeted industry, municipalities and other communities. Application should include calculation of energy 
economy effects, description of new technology and third party assessment of technology readiness (new innovation 
value), environmental effects, employment effects and other effects of the investment. Eligible costs are 1) planning 
costs, 2) building costs 3) equipment purchase and installation costs 4) land purchase and land preparation costs (< 10% 
of total budget). Total amount of support is EUR 100 million during 2016–2018, of which EUR 20 million is for year 2016 
and investment support decisions has been made to support biogas for transport and first geothermal energy plant. 
This support is part of the Government´s spearhead projects (sub-item 32.60.45 in the state´s budget) and it is targeted 
future energy solutions for 2030.

Guarantee of origin of electricity (1129/2003, 417/2013, 1116/002/2013). Electricity may only be marketed as “electricity 
produced from renewable sources” when it has been issued guarantee of origin. In Finland, guarantees of origin are 
issued by the transmission system operator Fingrid. Renewable energy sources: wind power, solar power, air source heat 
energy, geothermal and hydrothermal energy, ocean energy, hydropower, biomass, landfill gas, sewage treatment plant 
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gas and biogas. Electricity suppliers have to disclose to their customers the production mix of electricity sold by them in 
the preceding year. The production mix must be disclosed in electricity bills and sales promotion material, and must be 
made available to electricity users. Minimum level of detail of disclosure: fossil sources of energy, and peat, renewable 
sources of energy, nuclear power. At the same time, electricity suppliers must disclose the carbon dioxide emissions 
caused by the production of electricity sold by them, and the amount of nuclear waste. In addition to total production 
mix, consumers can be disclosed the production mix of the electricity product purchased by them.

The act on electricity and natural gas market control (590/2013) and Governmental Decree on electricity markets 
(65/2009). Electrical power network operations are a natural monopoly where the construction of competing electrical 
power networks is not feasible in regard to the national economy. In electricity market legislation, electrical power 
network operations have been regulated as operations subject to a permit from the Energy Authority. In addition to 
granting network permits, the task of the Energy Authority is to monitor compliance by system operators with the 
obligations specified for them. For the third regulatory period (1 January 2012 – 31 December 2015), the Energy Authority 
has drawn up regulatory methods for monitoring the reasonableness of the prices charged by electrical power network 
operators, and has accordingly issued confirmation decisions on monitoring that the prices of electrical power network 
operators are reasonable. The Energy Market Authority will apply the confirmation decisions according to Article 1 of 
Clause 1 of section 10 of the act on the monitoring of the electricity and natural gas markets (590/2013).

Act on emission trading (311/2011) and Decree on Emission trading (28/2013), Decree on certifiers during 2013-2020 
(667/2013), Decree on content of application (541/2012), Act of using Kioto mechanism (109/2010), Act on emission 
trading in aviation (34/2010). The Directive (2011/278/EC) was implemented in Finland through the Emissions Trading 
Act (683/2004, amended by 108/2007, 1468/2007 and 16/2010). The Emissions Trading System is implemented by the 
Ministry of Employment and the Economy. The Government has made decisions with respect to the national allocation 
proposals for 2005-2007 and 2008-2012, which were delivered to the Commission, and after the Commission’s final 
decisions it has decided on the emission allowances of individual facilities. The act has been implemented from the 
beginning of the 2013-2020 emissions trading period and for the preparation of the allocation of emission rights and 
greenhouse gas emission permits. The Act replaces the previous Emissions Trading Act (683/2004). It continues to 
be applied to the rights and duties of the plant entrepreneurs, verifiers, and officials. The Energy Authority will act 
as Finland’s national Emissions Trading Authority. The Emissions Trading Authority’s tasks include awarding emission 
permits keeping an Emission Trading Register, monitoring the responsibilities resulting from emissions trading, and 
approval of emissions trading verifiers. The emissions trading system covers approximately half of the greenhouse gas 
emissions within Finland. The total volume of allowances for the period amounts approximately to 187.8 million tonnes, 
corresponding to 37.6 million tonnes per year. A total of 566 installations will be allocated emission allowances.

Netherlands

Green Deals

Success in innovation depends, according to business expertise along with a good development around a number of key 
factors. The green deals give a complementary view of the problems encountered by the market and tackled bottlenecks. 
In 2011 and 2012, 146 deals started. In this market, parties have made agreements with the government on addressing 
certain issues. Many of these deals have to do with more of the green growth themes appointed by the government. 
More than 40% of the deals have to do also with bio-based economy development (about 64 deals, including 52 linked 
with bio-energy and 24 with bio-based materials. In these numbers are also included the general deals on all related 
topics, such as the overall deal around Green Growth. A deal can have a link with multiple themes, as is the case in the 
above deals. Each deal consists of several actions by market parties or government. They try to strengthen one of the 
key factors for successful innovation or to resolve bottlenecks.
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Water Act (Waterwet)

The Water Act regulates the management of surface and groundwater, and also improves the relationship between 
water policy and land use.
- In line with EU Water Framework Directive (2000/60/EC)

- In force since 2009

Environmental Management Act (WMB)

The Environmental Management Act (WMB) is the most important environmental Act. This law determines the legal tools 
that can be used to protect the environment. The main instruments are environmental and environmental programs, 
environmental quality, permits, general rules and enforcement. The Act also contains the rules for financial instruments, 
such as taxes, fees and damages.

- In force since 1979, last amended in 2015

Act on the Income Tax (Wet IB) - Energy Investment Allowance (EIA)

Act on the Income Tax: the act introduces a tax credit on investments in renewable energy, the EIA. 

This tax benefit enables entrepreneurs based in the Netherlands to write off investments in renewable energy plants 
against tax. The eligibility criteria are extensively described in the “Energy List”. The level of funding depends, among 
other things, on the source of energy and the type of plant used.
- In force since 2001

Environmental Investment Allowance (MIA) / Random depreciation of environmental investments scheme (VAMIL)

The Environmental Investment Allowance (MIA) provides the opportunity for private companies to deduct an extra 
amount of the investment cost from the taxable profit for investments which are included in the ‘Environmental List’. 
The exact share of the investment that applies for the deduction varies between 0% and 36%, depending on the nature 
of the investment. 

Random depreciation of environmental investments scheme (VAMIL) provides the opportunity to depreciate 75% of 
an investment which is included in the Environmental List in a single year, thereby reducing the taxable profit in that 
year. The depreciation of remaining 25% of the investment should be spread over the economic lifetime of the obtained 
goods. 
- In force since 2012

Renewable Energy Production Incentive Scheme (SDE+)

The SDE+ scheme grants a premium to the producers of renewable energy to compensate for the difference between the 
wholesale price of electricity, heat or gas and the corresponding price of electricity, heat or green gas from renewable 
sources.

The sum of the premium, paid on top of the market price, is variable and depends on the annual market price development 
and is adjusted by a correction value accordingly. The premium is paid for a period of up to 15 years. The support is made 
available in 6 stages and is allocated on a ‘first come, first serve’ basis. In general, the SDE+ scheme gives an advantage 
to those applying for lower tariffs and at an early stage of the allocation process.

- In line with EU Renewable Energy Directive (2009/28/EC)  

- In force since 2007

Priority sustainably produced energy (in Gas Act and Electricity Act)

New Bill proposal of the Electricity and gas law dates from 2015. 
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ANNEX I:  
POLICY MECHANISMS FOR BIOMASS SUPPLY

Policy mechanism 
type Country Policy Valid locations Valid dates Summary

Mandatory 
regulation

Austria
BIO Austria Regulations for Organic 
Farming in Austria (BIO AUSTRIA - 
Produktionsrichtlinien)

Entire Austria Since 2010, ongoing

Regulates the management of 
organic farming, e.g. through 
limitation of nitrogen fertilizing 
below 170 kg/ha and limiting 
the use of additional organic 
fertilizers, providing a list of 
allowed organic fertilizers.

Mandatory 
regulation

Austria
National nitrates action programme 
2012 (Aktionsprogramm Nitrat 
2012)

Entire Austria Since 2012, ongoing

The major objective of the 
programme is to reduce the 
pollution of water flows from 
agricultural sources. In line with 
European Nitrates Directive

Mandatory 
regulation

Austria Forest Act 1975 (Forstgesetz 1975) Entire Austria
Since 1975, ongoing; 
last amendment Aug. 
2015

The Forest Act encompasses 
all measures dealing with the 
use, care, conservation and 
protection of forest land. Its 
key regulations are relevant to 
maintaining biodiversity involve 
the conservation of forests and 
the maintenance of their role as 
well as the regional planning of 
forests.

Mandatory 
regulation

Austria
Waste Management Act 2002 
(Abfallwirtschaftsgesetz AWG)

Entire Austria
Since 2002, ongoing; 
last amendment Sep. 
2013

The purpose of the Act is to 
hinder harmful effects on human 
beings, animals, plants and their 
natural environment through the 
principles of waste prevention, 
waste processing and waste 
disposal. In line with Waste 
Framework Directive 2008/98/EC

Mandatory 
regulation

Austria
ÖNORM S 2100: 2005 10 01 - List 
of wastes

Entire Austria Since 2005, ongoing

This standard defines the key 
numbers for waste materials. 
This listing is essential for the 
diversification in the Waste 
Management Act. It affects 
directly the collection and 
recycling of bio-based materials.
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Mandatory 
regulation

Austria
Federal Waste Management Plan 
2011 (Bundes-Abfallwirtschaftsplan 
BAWP 2011)

Entire Austria Since 2011, ongoing

The Federal Waste Management 
Plan and its periodic amendments 
describe the dynamism and 
development in the area of waste 
management. The Federal Waste 
Management Plan is considered 
the “White Paper” of Austrian 
waste management and must 
include the application fields of 
the Waste Management Act 2002.

Mandatory 
regulation

Austria
Animal material directive 
(Tiermaterialiengesetz TMG)

Entire Austria
Since 2003, ongoing; 
last amendment Jan. 
2013

This law concerns the handling of 
animal materials, e.g. the storage, 
transport, documentation, 
required controls and the waste 
management. A special focus is 
on the treatment of food waste, 
kitchen waste, manure and 
slaughterhouse waste. - In line 
with European Animal By-product 
Regulation (EU) Nr. 1069/2009

Mandatory 
regulation

Austria
Regulation on recycling of waste 
wood (RecyclingholzV)

Entire Austria Since 2012, ongoing

The objective of this ordinance 
is an efficient recycling of waste 
wood by the wood industry. 
This has to be made without 
any impacts on humans and 
the environment. The directive 
should avoid any accumulation 
of hazardous substances and 
supports the sorting of waste 
wood for reuse and recycling 
in accordance with the Waste 
Management Act AWG. A 
basic requirement is that the 
application of wood should have 
the same environmental risks 
as the usage of primary wood 
materials.

Mandatory 
regulation

Austria
Nature Protection laws of the 
federal states (Naturschutzgesetze 
der Bundesländer)

Entire Austria Ongoing

The nature protection laws 
of the federal states contain 
general regulations governing 
the protection and maintenance 
of nature as the cornerstone for 
human, animal and plant life. The 
federal states are thus obliged to 
protect the natural resources for 
their livelihoods with the goal to 
preserve diversity and beauty in 
natural landscapes. The human 
influence must be kept as low as 
possible. Especially landscapes 
with still functioning biotopes 
are of top priority for nature 
protection. The federal legislation 
includes the EU Birds Directive, 
Habitats Directive and Water 
Framework Directive.
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Mandatory 
regulation

Austria

Regulation on agricultural 
raw materials for biofuels and 
bioliquids (Verordnung über 
Landwirtschaftliche Ausgangsstoffe 
für Biokraftstoffe und flüssige 
Biobrennstoffe 2010 BioVO)

Entire Austria Since 2010, ongoing

Regulation regarding the proof 
of sustainability of agricultural 
sources used for the production of 
biofuels. It includes the basic rules 
for documentation, monitoring, 
collection and transmission of 
relevant data.

Mandatory 
regulation

Belgium

Manure decree - Decree of 22 
December 2006 concerning the 
protection of waters against 
pollution caused by nitrates from 
agricultural sources

Flanders

First decree approved 
in 1991, has been 
modified several 
times

The Flemish Manure Decree is 
the transposition of the European 
Nitrates Directive (91/676/EEC) 
into Flemish legislation. The 
Directive fixes a basic norm for 
ground and surface water of 
maximum 50 mg nitrate per litre.

Mandatory 
regulation

Belgium
Programme for the Sustainable 
Management of Nitrogen in 
agriculture (PGDA) III

Walloon Region

Third action 
program has been 
implemented since 
June 15, 2014

The Nitrates Directive (91/676/
EEC) is implemented in Wallonia 
through the Programme for the 
Sustainable Management of 
Nitrogen in agriculture ( PGDA )

Mandatory 
regulation

Belgium

Decree of 19 November 1998 
concerning the protection of waters 
against pollution caused by nitrates 
from agricultural sources

Brussels Capital 
Region

Since 1998

This Decree implements the 
European Nitrates Directive 
(91/676/EEC) in the Brussels 
Region.

Mandatory 
regulation

Belgium

Material decree - Decree of 23 
December 2011 concerning the 
sustainable management of 
material chains and waste streams

Flanders Since 2011

The decree anchors sustainable 
materials management in 
Flanders. It implements the 
European Framework Directive 
(EC) 2008/98 on waste 
management in Flanders. 
VLAREMA, a complementary 
decision of the Flemish 
Government (made 17th February 
2012), runs parallel with the 
material decree and contains 
more detailed prescriptions 
concerning special waste 
streams, raw materials, selective 
collection transport, registration 
duty and the extended producer 
responsibility.

Mandatory 
regulation

Belgium Decree on waste of 27 June 1996 Walloon Region Since 1996

This decree aims at an integrated 
pollution reduction approach 
to protect the environment 
and to reduce the impact of 
harmful waste on human health 
by preventing or reducing the 
adverse impacts of the generation 
and management of waste. Also 
the decree aims at reducing the 
overall impacts of resource use 
and the improvement of the 
efficiency of such use. In line 
with Waste Framework Directive 
(2008/98/EC)
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Mandatory 
regulation

Belgium
Order of 14/06/2012 relating to 
the prevention and management 
of waste

Brussels Capital 
Region

Since 2012

New ordinance on waste adopted 
by the Parliament of the Brussels-
Capital Region, in line with Waste 
Framework Directive (2008/98/
EC)

Mandatory 
regulation

Croatia Agricultural Land Act (OG 39/13) Entire Croatia

Defines agricultural land, 
regulates agricultural land 
management, protection 
and usage of such land, land 
conversions and related fees, 
management of state-owned 
agricultural land etc.

Mandatory 
regulation

Croatia

Action Programme for protection 
of water from pollution caused by 
nitrates of agricultural origin (OG 
15/13)

Entire Croatia

Defines acceptable manure 
application, forbids manure 
application for some cases. 
The Programme also regulates 
manure storage and requires 
specific storage characteristics; 
in line with European Nitrates 
Directive.

Mandatory 
regulation

Croatia
Decision on determination of 
vulnerable areas in the Republic of 
Croatia (OG 130/12)

Entire Croatia

The Decision defines vulnerable 
areas in Croatia for Danube and 
Adriatic region which require 
additional measures for water 
protection against nitrate 
pollution of agricultural origin.

Mandatory 
regulation

Croatia
Ordinance on byproducts of animal 
origin not intended for human 
consumption (OG 87/09)

Entire Croatia

Regulates the management of 
animal byproducts in terms of 
veterinary-health conditions. 
It defines which material falls 
within which category and how 
this material should be handled. 
Biogas is one of the possible 
ways to treat certain material. 
The Ordinance sets conditions 
for biogas plants, microbial 
requirements for digestate etc. 
In line with European Animal By-
products Regulation

Mandatory 
regulation

Croatia
Ordinance on management of 
wastewater treatment sludge when 
used in agriculture (OG 38/08)

Entire Croatia

The Ordinance sets the conditions 
under which wastewater sludge 
usage in agriculture is allowed 
and when it is prohibited. In 
agriculture it is allowed to 
use treated sludge when the 
concentrations of heavy metals 
and organic substances are below 
the thresholds set for sludge and 
soil. Also, sludge needs to be 
stabilized (without pathogens). 
Monitoring of sludge and soil is 
prescribed.
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Mandatory 
regulation

Germany Fertilization Ordinance (DüV) Entire Germany

Regulation on the application 
of fertilizers, soil amendments, 
designed composite soils and 
plant additives according to the 
principles of good agricultural 
practice in fertilizer. In line with 
European Nitrates Directive

Mandatory 
regulation

Germany
Closed Cycle and Waste 
Management Act (KrWG)

Entire Germany

This law regulates the disposal 
of wastes. It describes the waste 
hierarchy and the separate 
collection of waste. In line with 
European Waste Framework 
Directive 2009/98/EC

Mandatory 
regulation

Germany
Regulation on requirements for 
recovery and disposal of waste 
wood (AltholzV)

Entire Germany

The Ordinance lays down criteria 
for used wood intended for the 
manufacture of wood-based 
panels. In addition to the limit 
values for potential pollutants a 
visual control for the quality of 
the material is foreseen.

Mandatory 
regulation

Germany
Regulation on the use of organic 
waste on agricultural, forestry and 
horticulturally used soils (BioAbfV)

Entire Germany

The Ordinance includes 
comprehensive hygienic 
requirements for biowaste 
compost and fermentation 
residues, which must not 
contribute to the spread of animal 
and plant pathogens. Strict limit 
values are also set for heavy metal 
concentration. The ordinance is 
highly relevant for the recovery of 
digestates.

Mandatory 
regulation

Germany
Sewage sludge Ordinance 
(AbfKlärV)

Entire Germany

The Ordinance rules the 
application of sewage sludge on 
agriculturally or horticulturally 
used soils.
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Mandatory 
regulation

Greece
Implementation of EU Nitrates 
Directive

Entire Greece Since 1997

Directive 91/676/EEC was 
transposed into national 
legislation with Joint Ministerial 
Decision (JMD) 161890/1335 
in 1997. In 1999, 4 vulnerable 
zones, with respect to nitrogen 
pollution from agricultural 
run-offs, have been identified 
in Greece, JMD 19652/1906. In 
2001, update and amendment of 
the vulnerable zone took place 
including 3 more vulnerable 
zones, JMD 20419/2522. In 2008, 
the 4 vulnerable zones identified 
in 1999 were further identified 
at LAU 2 level (formerly NUTS 5 
level), JMD 24838/1400/E103. 
JMD 106253 of 2010 amended 
the list of vulnerable zones 
including areas of GR25 (NUTS 3) 
region. In 2013, the list of VZ was 
further amended, JMD 190126.

Mandatory 
regulation

Greece
Ministerial Decision 29407/3508 
of 2002, transposition of directive 
99/31/EC on the landfill of waste.

Entire Greece Since 2002
In line with European Landfill 
Directive

Mandatory 
regulation

Greece

Law 4042 of 2012, Transposition 
into national law of Directive 
2008/98/EC - Framework for the 
production and the treatment of 
waste.

Entire Greece Since 2012

Directive 2008/98/EC defines 
key concepts and sets the 
essential requirements for the 
management of waste and 
the criteria to be met in order 
for a waste to cease to be 
waste (End-of-Waste) or to be 
considered as by-product. Law 
4042/2012 aimed at resolving 
many problems and started a 
systematization of management 
actions that should be performed 
in order to achieve the objectives 
of the EU waste management.
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Mandatory 
regulation

Netherlands
Decree on the use of manure 
(Meststoffenwet)

Entire Netherlands In force since 1986

Regulates the use of manure 
as fertilizer; in line with EU 
Nitrates Directive (91/676/
EEC). Digestate from anaerobic 
digestion is allowed to be used 
as fertilizer similar to manure. 
For co-digestion, a “Positive 
list” of materials is published in 
the implementation decree on 
the use of manure. If materials 
are used that are not on the 
“Positive list”, the co-digestate 
is considered waste and is not 
allowed to be used as fertilizer. 
If materials for co-digestion are 
used that are on the “Positive 
list” to a maximum share of 50%, 
the co-digestate is allowed to 
be used as fertilizer. This rule 
has important impact on the 
potential feedstocks for biogas 
production. Furthermore, the 
SDE subsidy is only awarded 
to co-digestion plants if these 
requirements are met.

Mandatory 
regulation

Netherlands
LAP - National Waste Management 
Plan 2009-2021

Entire Netherlands In force since 2003

The National Waste Management 
Plan (LAP) implements the policy 
on waste management for the 
Netherlands (requirement from 
the Environmental Management 
Act and various international 
guidelines.) Relevant for biomass, 
the LAP includes the criteria if 
biomass will be considered waste 
or not. In line with EU Waste 
Framework Directive (2008/98/
EC).

Mandatory 
regulation

Poland
SAS - Act of April 2003 on Shaping 
the agricultural system

Entire Poland In force since 2003.

Family farms are a permanent 
part of agriculture in Poland 
and UK. In Poland the Act on 
shaping the agricultural system 
of 2003 defines a family farm as 
a farm carried personally by the 
individual farmer, designed in 
size from 1 to 300 ha UR. These 
farms are the core of agricultural 
producers and monitoring of 
changes occurring in them 
indicate their consolidation in 
next few years.

Mandatory 
regulation

Poland WL - Water Law Entire Poland In force since 2002.

This act regulates the methods 
of handling pesticides in order 
to assure safety during their 
turnover and use.



128

Republic of Serbia
Ministry of Mining and Energy

Mandatory 
regulation

Poland WA - Waste Act Entire Poland In force since 2013.

Introduces the hierarchy of 
waste management into Polish 
law. Specifies that whoever 
undertakes action which causes 
or may cause generation of waste, 
should plan, design and carry 
out such action so as to: prevent 
generation of waste or reduce the 
volume of waste and its negative 
impact on the environment 
during the manufacturing of 
products, during their use and 
after the completion of their use; 
provide for waste recovery in 
accordance with the principles 
of environmental protection if 
generation of waste could not 
have been prevented; provide 
for the disposal of waste in 
accordance with the principles of 
environmental protection if the 
generation of the waste could 
not have been prevented and of 
waste which could not have been 
recovered.

Mandatory 
regulation

Slovakia

Act 57/2013 which amends Act. 
220/2004 about protection and use 
of agricultural land and amending 
Act. 245/2003 concerning 
integrated pollution prevention and 
control environment

Entire Slovakia Since 2013

This act was created for protection 
of properties and functions of 
agricultural land and providing 
the sustainable management 
and use of agricultural land. 
It provides a protection of 
environmental functions of 
agricultural land - production of 
biomass, filtration, neutralization 
and transformation of substances 
in nature, keeping ecological 
and genetic potential of living 
organisms in nature.

Mandatory 
regulation

Slovakia
Regulation in relation to European 
Nitrates Directive (manure)

Entire Slovakia Since 2001

In 2001, the document “Code 
of good agricultural practice - 
Protection of water resources” 
was approved. In 2004 a 
document “Nitrátová direktíva” 
was created in which the state 
informed about the Nitrates 
Directive and the application in 
practice. Afterwards, government 
regulation No. 617/2004 declared 
where vulnerable areas were 
allocated. In these areas, which 
are revaluated every 4 years, 
special principles of management 
were valid. Vulnerable areas were 
divided into three categories A, B, 
and C. The program of agricultural 
activities in vulnerable areas is 
regulated by notice 199/2008.
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Mandatory 
regulation

Slovakia Act. 223/2001 about waste Entire Slovakia

This Act regulates the operation of 
government and municipalities, 
the rights and obligations of 
legal and natural persons in the 
prevention of waste and in waste 
management, liability for breach 
of obligations in the field of waste 
management, the establishment 
of the Recycling Fund and 
measures for waste prevention.

Mandatory 
regulation

Spain
Law 45/2007 for the sustainable 
development of rural areas

Entire Spain Since 2007

Law 45/2007 aims to contribute 
towards the balanced 
development of rural areas, 
comprehensively influencing 
the economic aspect (continuing 
traditional production activities 
and promoting diversification), 
the social aspects (improving 
the population’s quality of life by 
ensuring basic services) and in 
preserving natural and cultural 
resources. The Law recognizes that 
rural areas are characterised by a 
negative demographic dynamic, 
with significant falls in population 
and a large elderly population, 
by a strong dependence on 
agricultural activities and a 
significant burden from the 
protected natural areas. The Law 
establishes the programming 
of actions coordinated at all 
levels of Public Administration, 
together with the participation of 
the rural population through its 
associations. This programming 
is implemented using a variety 
of instruments, in particular 
the National Programme of 
Sustainable Rural Development.

Mandatory 
regulation

Spain Royal Decree 506/2013 on fertilizers Entire Spain Since 2013

Royal Decree 506/2013 
establishes basic regulation 
regarding fertilizer products and 
measures intended to guarantee 
coordination with Autonomous 
Regions. It defines and classifies 
fertilizer products. It also includes 
rules intended to prevent risks for 
human health and environment.
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Mandatory 
regulation

Spain
Royal Decree 324/2000, 
establishing the basic rules on the 
planning of pig farms

Entire Spain Since 2000

Royal Decree 324/2000 
establishes regulations for pig 
farms with the object of guiding 
and managing growth in the 
sector and also of providing the 
sector with a comprehensive and 
unified regulatory landscape. 
There is a complementary decree, 
Royal Decree 1221/2009, dated 
July 17, establishing the basic 
rules on the planning of pig 
farms being extensively grazed 
and amending Royal Decree 
1547/2004, dated June 25, 
establishing the rules on the 
planning of rabbit farms.

Mandatory 
regulation

Spain
Law 22/2011 on waste and 
contaminated soils

Entire Spain Since 2011

Law 22/2011 promotes measures 
to prevent waste generation 
and to mitigate adverse impacts 
on human health and on the 
environment associated with 
generation and handling, 
prioritizing waste-to-energy 
management. It also states 
that public administrations, 
in the framework of their own 
powers, must approve waste 
prevention programmes. The 
programmes need to establish 
prevention objectives. The 
measures will aim to reduce 
the weight of waste produced 
in 2020 by 10% compared with 
2010. The aim of the objectives 
and measures is to sever the 
link between economic growth 
and its impact on human health 
and the environment associated 
with the generation of waste. 
So as to monitor and evaluate 
progress in the application 
of prevention measures, the 
competent administration will 
determine those instruments 
that make it possible to carry 
out periodic assessments of 
the progress made to date and 
may set specific objectives and 
indicators. The evaluation of 
prevention programmes will be 
carried out at least every six years 
and the results will be made 
available to the public. Economic, 
financial and fiscal measures 
may be introduced in order to 
promote waste prevention. In line 
with Waste Framework Directive 
2008/98/EC.
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Mandatory 
regulation

Spain
Royal Decree 1481/2001, which 
regulates the disposal of waste by 
dumping in landfills

Entire Spain Since 2001

Royal Decree 1481/2001 
establishes a legal and technical 
framework for the activities of 
waste disposal by landfill. Their 
structural characteristics and 
management are regulated, 
taking into account the waste 
management hierarchy, in order 
to protect human health and the 
environment.

Mandatory 
regulation

Spain

Royal Decree 949/2009, 
establishing the regulatory 
bases for the state subsidies 
for promoting the technical 
process application of the slurries 
biodigestion plan

Entire Spain Since 2009

Royal Decree 949/2009 sets 
out the regulatory bases of 
State subsidies that promote 
the implementation of the 
technical processes of the slurries 
biodigestion plan. The plan aims 
at the reduction of emissions of 
greenhouse gases from slurry 
applying treatments based on the 
anaerobic digestion process. This 
process allows the collection and 
quantification of biogas, and its 
subsequent energy recovery or 
disposal by burning.

Mandatory 
regulation

Spain

Royal Decree 1528/2012, 
establishing the regulations 
applicable to animal by-products 
and derivatives not intended for 
human consumption.

Entire Spain Since 2012

Royal Decree 1528/2012 
established the application 
conditions of European 
regulations regarding animal 
by-products not intended for 
human consumption. It defines 
the distribution of powers 
between the national level and 
the regional level. It creates the 
National Commission of Animal 
By-products not intended for 
Human Consumption which is the 
entity in charge of monitoring and 
coordinating the implementation 
of legislation related to animal 
by-products not intended for 
human consumption. In line with 
European Animal By-product 
Regulation.
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Mandatory 
regulation

United 
Kingdom

Guide: Requirements for landing 
controlled material

Entire UK

The purpose of this guide is to 
highlight the import regulations 
which apply to the landing 
of wood, wood products and 
bark from countries outside the 
European Union (EU). It does not 
cover the regulations dealing 
with the movement of wood, 
wood products and bark within 
the EU, other than for goods of 
third country origin destined 
for Great Britain but which first 
enter the EU in another member 
state. Depending on the origin 
and type, heat treatment, 
bark stripping and/or drying is 
required. In line with European 
Plant Health Directive 2000/29/
EC.

Mandatory 
regulation

United 
Kingdom

EU Waste Framework Directive 
(transposed into national law 
as Waste (England and Wales) 
Regulations 2012, Waste (Scotland) 
Regulations 2012, Waste 
Regulations (Northern Ireland) 
2011)

Entire UK; transposed 
separately into laws of 
constituent countries

Since 2011 in 
Northern Ireland, 
since 2012 in rest 
of UK

Energy recovery from waste: The 
UK is obliged under the revised 
EU Waste Framework Directive 
to apply the waste hierarchy. 
This ranks waste management 
options in order of environmental 
preference and the first priority 
is waste reduction. Recovering 
energy from waste is only 
appropriate for waste that 
cannot be prevented, reused or 
recycled with less greenhouse gas 
emitted. Energy recovery can be a 
sustainable option for waste that 
would otherwise go to landfill 
and create landfill methane 
emissions.

Mandatory 
regulation

European 
Union

Nitrates Directive (91/676/EEC) EU-28 countries In force since 1991.

Restrictions on fertilisation in 
agriculture (focus on nitrogen) 
to protect water quality, to be 
included in Member States’ 
programmes. All of them include 
the limit of 170 kg/ha/year of 
livestock manure.

Mandatory 
regulation

European 
Union

Animal by-products regulation EU-28 countries
In force since 2002, 
last amendment in 
2011.

Rules for movement, processing 
and disposal of animal by-
products not intended for human 
consumption.

Mandatory 
regulation

European 
Union

EU Timber Regulation EU-28 countries In force since 2013.

Obligations of operators who 
place timber and timber products 
on the market to counter the 
trade in illegally harvested 
timber.
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Mandatory 
regulation

European 
Union

Waste Framework Directive 
(2008/98/EC)

EU-28 countries In force since 2008

Framework for national 
legislation, including waste 
management principles, 
definitions, end-of-waste 
criteria. The following waste 
hierarchy shall apply as a priority 
order in waste prevention 
and management legislation 
and policy: (a) prevention; (b) 
preparing for re-use; (c) recycling; 
(d) other recovery, e.g. energy 
recovery; and (e) disposal.

Mandatory 
regulation

European 
Union

Landfill Directive (1999/31/EC) EU-28 countries In force since 1999.

Operational and technical 
requirements on waste and 
landfills, to prevent or reduce 
negative effects on the 
environment, from landfilling 
of waste. It defines the different 
categories of waste and requires 
Member States to reduce 
biodegradable waste going to 
landfills.

Mandatory 
regulation

European 
Union

Sewage Sludge Directive (86/278/
EEC)

EU-28 countries In force since 1986.

The directive seeks to encourage 
the use of sewage sludge in 
agriculture and to regulate 
its use in such a way as to 
prevent harmful effects on soil, 
vegetation, animals and man. To 
this end, it prohibits the use of 
untreated sludge on agricultural 
land unless it is injected or 
incorporated into the soil. The 
Directive also lays down limit 
values for concentrations of 
heavy metals in the soil, in sludge 
and for the maximum annual 
quantities of heavy metals which 
may be introduced into the soil.

Mandatory 
regulation

European 
Union

Waste Incineration Directive 
(2000/76/EC)

EU-28 countries
Since 2000, replaced 
in 2014 by Industrial 
Emissions Directive

The Directive defines 
operational conditions, technical 
requirements, and emission 
limit values for incineration and 
co-incineration plants within 
the EU. From January 2014 the 
WID is replaced by the Industrial 
Emissions Directive (IED).
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Mandatory 
regulation

European 
Union

Plant Health Directive (2000/29/EC) EU-28 countries In force since 2000

EU rules on plant health aim to 
protect crops, fruit, vegetables, 
flowers, ornamentals and 
forests from harmful pests and 
diseases (harmful organisms) by 
preventing their introduction into 
the EU or their spread within the 
EU. Also specific requirements on 
wood products. Depending on the 
origin and type, heat treatment, 
bark stripping and/or, drying is 
required.

Intellectual 
property rules

Austria
Variety Protection Act 2001 
(Sortenschutzgesetz 2001)

Entire Austria
Since 2001, ongoing; 
last amendment July 
2015

This law secures the rights of 
holders of a plant variety right. 
Austria declares those species 
protectable under a plant 
variety right for which there 
is a possibility of conducting 
the required plant variety 
examinations and for whose 
varieties there is economic 
demand.

Grants Austria
Common Agricultural Policy 2014-
2020 (CAP)

Entire Austria Since 2013, ongoing

In line with EU Common 
Agricultural Policy; provides a 
framework for financial support 
to farmers (Pillar 1 - Direct 
Payments), and national rural 
development programmes (Pillar 
2 - Rural Development)

Grants Austria
ÖPUL - Austrian Agri-environmental 
Programme 2007 (Österreichisches 
Agrar-Umweltprogramm ÖPUL)

Entire Austria Since 2007, ongoing

An integrated, horizontal agri-
environmental support program 
aimed at the participation of 
Austrian farmers from all over 
the country. The accompanying 
national directive on ÖPUL has 
been implemented March 2015.

Grants Belgium
Common Agricultural Policy 
implementation

Flanders / Walloon 
Region / Brussels 
Capital Region 
(agriculture is a 
regional competence 
in Belgium)

In force since 1992; 
proposals within new 
CAP 2014-2020 in 
preparation

In line with EU Common 
Agricultural Policy; provides a 
framework for financial support 
to farmers (Pillar 1 - Direct 
Payments), and national rural 
development programmes (Pillar 
2 - Rural Development)

Grants Croatia
Common Agricultural Policy 
implementation

Entire Croatia

In force since 1992; 
proposals within new 
CAP 2014-2020 in 
preparation

In line with EU Common 
Agricultural Policy; provides a 
framework for financial support 
to farmers (Pillar 1 - Direct 
Payments), and national rural 
development programmes (Pillar 
2 - Rural Development)
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Grants Germany
Common Agricultural Policy 
Implementation

Entire Germany

In force since 1992; 
proposals within new 
CAP 2014-2020 in 
preparation

In line with EU Common 
Agricultural Policy; provides a 
framework for financial support 
to farmers (Pillar 1 - Direct 
Payments), and national rural 
development programmes (Pillar 
2 - Rural Development)

Grants Greece
Common Agricultural Policy 
Implementation

Entire Greece

In force since 1992; 
proposals within new 
CAP 2014-2020 in 
preparation

In line with EU Common 
Agricultural Policy; provides a 
framework for financial support 
to farmers (Pillar 1 - Direct 
Payments), and national rural 
development programmes (Pillar 
2 - Rural Development)

Grants Netherlands
Common Agricultural Policy 
Implementation

Entire Netherlands

In force since 1992; 
proposals within new 
CAP 2014-2020 in 
preparation

In line with EU Common 
Agricultural Policy; provides a 
framework for financial support 
to farmers (Pillar 1 - Direct 
Payments), and national rural 
development programmes (Pillar 
2 - Rural Development)

Grants Poland
Common Agricultural Policy 
Implementation

Entire Poland

In force since 1992; 
proposals within new 
CAP 2014-2020 in 
preparation

In line with EU Common 
Agricultural Policy; provides a 
framework for financial support 
to farmers (Pillar 1 - Direct 
Payments), and national rural 
development programmes (Pillar 
2 - Rural Development)

Grants Poland
RDP - Rural Development 
Programme

Entire Poland

Program based on promoting the 
multi-functionality of agriculture 
and rural areas. Policies aim at 
strengthening the economic 
competitiveness of agricultural 
holdings and the agri-food sector, 
contribute to land management 
and environmental protection, 
and enhance the quality of life 
and diversify the rural economy.

Grants Slovakia
Common Agricultural Policy 
Implementation

Entire Slovakia

In force since 1992; 
proposals within new 
CAP 2014-2020 in 
preparation

In line with EU Common 
Agricultural Policy; provides a 
framework for financial support 
to farmers (Pillar 1 - Direct 
Payments), and national rural 
development programmes (Pillar 
2 - Rural Development)

Grants Spain
Common Agricultural Policy 
Implementation

Entire Spain

In force since 1992; 
proposals within new 
CAP 2014-2020 in 
preparation

In line with EU Common 
Agricultural Policy; provides a 
framework for financial support 
to farmers (Pillar 1 - Direct 
Payments), and national rural 
development programmes (Pillar 
2 - Rural Development)
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Grants
United 
Kingdom

Common Agricultural Policy 
Implementation

Entire UK

In force since 1992; 
proposals within new 
CAP 2014-2020 in 
preparation

In line with EU Common 
Agricultural Policy; provides a 
framework for financial support 
to farmers (Pillar 1 - Direct 
Payments), and national rural 
development programmes (Pillar 
2 - Rural Development)

Grants
United 
Kingdom

ECS - Energy Crops Scheme Entire UK In force since 2005

The aim of the Energy Crops 
Scheme (ECS) is to support the 
planting of miscanthus and short 
rotation coppice in appropriate 
locations. Payments under the 
scheme cover 50% of the costs 
of establishing the crop. ECS 
participants can plant in one 
year, or choose to phase the 
planting for up to three years. 
Under the arrangements for the 
current scheme, planting can 
be undertaken in 2013, 2014 
and 2015. In line with European 
Common Agricultural Policy.

Grants
United 
Kingdom

EWGS - English Woodlands Grant 
Scheme

England In force since 2005

The English Woodland Grant 
Scheme (EWGS) provided 
incentives for people to create 
and manage woodlands on sites 
all over England. It contains the 
following Grants: - Woodfuel 
Woodland Improvement Grant 
(WF-WIG, EWGS 5a) - Woodland 
Improvement Grant (currently 
only for health related Woodland 
Improvement) - Woodland 
Management Grant - Closed 
until further notice - Woodland 
Creation Grant - Closed until 
further notice - Woodland 
Planning Grant (WPG, EWGS 
2) - Woodland Assessment 
Grant - Woodland Regeneration 
(currently only for health related 
woodland regeneration)

Grants
United 
Kingdom

GWM - Glastir Woodland 
Management

Wales

GWM provides management 
and capital grants to support the 
environmental objectives of the 
Glastir scheme in woodlands. 
GWM supports the following 
management operations: 
•Thinning	•Tree	Species	change	
(Restocking)	•Infrastructure	-	e.g.	
tracks,	stacking	areas	•Boundary	
work	-	e.g.	fencing	•Work	to	
conserve protected and priority 
species	•Vegetation	management	
•Pest	control	•Public	access
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Grants
United 
Kingdom

GWC - Glastir Woodland Creation Wales

The Glastir Woodland Creation 
scheme is a woodland creation 
scheme available to land 
managers across Wales. It aims 
to support a range of woodland 
planting to help fulfil the 
commitment to an increased area 
of native and mixed woodland. 
Payments will be available for 
first-afforestation of agricultural 
and non-agricultural land to 
assist with the establishment of 
new woodlands. Support will 
be available to all private land 
managers, municipalities, or their 
associations, who wish to create 
woodlands of 0.5 ha or more in a 
single block across Wales.

Grants
United 
Kingdom

Waste and Resources Action 
Programme (WRAP)

Entire UK Established in 2000

This funding is targeted on 
supporting businesses and 
local government to realise the 
benefits of resource efficiency and 
effective waste management. The 
contribution of the Department 
for Environment, Food and Rural 
Affairs (Defra) in 2014/15 will be 
about £18 million, and in 2015/16 
will be about £16 million with 
a focus on supporting waste 
prevention and resource efficiency 
in the food and drink sector and 
on key materials such as electrical 
equipment and textiles.

Grants
European 
Union

CAP, pillar 1 - Direct payments EU-28 countries
In force since 1992; 
new CAP 2014-2020 
recently presented

Framework for financial support 
to farmers, with (environmental) 
requirements on agricultural 
practises (cross-compliance 
rules). From 2015 part of the 
budget will go to ‘Green Direct 
Payments’, including obligatory 
practises on maintenance 
of permanent grassland, 
ecological focus areas and crop 
diversification.

Grants
European 
Union

CAP, pillar 2 - Rural development EU-28 countries
In force since 1992; 
new CAP 2014-2020 
recently presented.

Framework (incl. budget) for 
national and/or regional rural 
development programmes, 
defining common EU 
priorities, including ecosystem 
enhancement in agriculture and 
forestry, and shift to low-carbon 
economy (including on-farm 
renewable energy production).
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Voluntary standards
European 
Union

CEN/TC308 - Characterization of 
sludges

EU-28 countries

Scope: Standardization of the 
methods for characterizing and 
classifying sludges and products 
from storm water handling, 
night soil, urban waste water 
collection systems, waste water 
treatment plants for urban 
and similar industrial waters, 
water supply treatment plants, 
water distribution systems, but 
excluding hazardous sludges 
from industry. Included are the 
sampling methods, physical, 
chemical and biological analyses 
required for characterizing these 
sludges with a view to facilitating 
decisions on the choice of the 
treatment procedures and of the 
utilization and disposal. Included 
is the drafting of good practice 
documents in the production; 
utilization and disposal of 
sludges. The scope of the TC 
considers all sludges that may 
have similar environmental and/
or health impact.

Voluntary standards
European 
Union

CEN/TC183 - Waste management EU-28 countries

Scope: Standardization in the 
field of waste management 
including public cleaning, taking 
into particular account technical 
and logistical aspects. Drafting 
of Standards for products and 
procedures as well as safety 
requirements for the collection, 
transport, storage and transfer 
of solid and liquid waste. The 
characterization of waste and 
sludge as well as functional 
aspects for snow clearing 
equipment and road service area 
maintenance equipment is not 
covered by the scope of CEN/TC 
183. This will be dealt with by 
CEN/TC 292, CEN/TC 308 and CEN/
TC 337 respectively.
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Recommended 
targets or plans

Germany
National Sustainability Strategy of 
the Federal Government

Entire Germany
Introduced 2002, 
ongoing

The National Sustainable 
Development Strategy was 
first presented at the UN 
World Summit on Sustainable 
Development in Johannesburg 
in 2002. Through a total of 
three extensive reports (2004, 
2008, 2012), this strategy has 
been continuously updated. 
One priority field of action is to 
increase the share of organic 
farming up to 20 percent of 
agricultural area in Germany. 
A national fund supports 
measures increasing the public 
awareness of organic farming and 
supporting capacity building. In 
line with regulation on organic 
food and agriculture EC 834/2007

Recommended 
targets or plans

European 
Union

iLUC proposal EU-28 countries Published 2012

On 17 October 2012, the EC 
published a proposal to adapt the 
Renewable Energy Directive and 
the Fuel Quality Directive to limit 
global land conversion for biofuel 
production, and raise the climate 
benefits of biofuels used in the 
EU. The proposal would limit the 
use of food-based biofuels to 
meet the 10% renewable energy 
target of the Renewable Energy 
Directive to 5%, increase the 
greenhouse gas performance 
thresholds for new installations, 
and include additional benefits 
for advanced (low-iLUC) biofuels. 
The proposal is still under 
discussion.

Grants Finland
Common Agricultural Policy 
implementation

Entire Finland

In force since 1992; 
proposals within new 
CAP 2014-2020 in 
preparation

In line with EU Common 
Agricultural Policy; provides a 
framework for financial support 
to farmers (Pillar 1 - Direct 
Payments), and national rural 
development programmes (Pillar 
2 - Rural Development). Approach 
of Finland for CAP 2014-2020 is 
not yet published.

Voluntary standards Finland
Act on ecological farming, labelling 
of ecological products and control 
of ecological products

Entire Finland

Organic production is defined as 
the production of agricultural 
products, feedstuffs, foodstuffs 
and alcoholic beverages 
conducted using methods 
that comply with the rules 
set out in Council Regulation 
(EC/834/2007). The regulation
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Mandatory 
regulation

Finland

Fertilizer Product Act (539/2006, 
amendments 1498/2009 (17& 
36 article) and 340/2010 (5 & 7 
articles).

Entire Finland

National fertilizer legislation 
ensures that all fertilizer products 
placed on the market in Finland 
are safe, of high quality, and 
suitable for plant production. This 
legislation also aims to promote 
the utilisation of by-products 
suitable for use as fertilizers, 
provided that they have a 
proven positive impact on plant 
growth, and constitute no risk 
to humans, animals, plants or 
the environment. All fertilizer 
products imported or marketed in 
Finland must be included either 
in the national list of fertilizer 
type designations, or where EC 
fertilizers are concerned, in the 
list of fertilizer type designations 
specified in Annex I to EC 
Regulation 2003/2003.

Mandatory 
regulation

Finland

Decree of the Ministry of Agriculture 
and Forestry on Fertilizer Products 
(24/2011, amendments up to 
7/2013).

Entire Finland

This Decree lays down provisions 
on the types of fertilizer products, 
type designation groups and the 
requirements specific to the type 
designation groups as well as on 
the quality, marking, packaging, 
transport, storage, use and other 
requirements of fertilizer products 
and on raw materials of fertilizer 
products. This Decree does not 
apply to fertilizer products used 
for landscaping of landfill sites or 
other closed areas.

Mandatory 
regulation

Finland

Decree of the Ministry of Agriculture 
and Forestry on Activities 
Concerning Fertilizer Products and 
their Control (11/2012).

Entire Finland
This Decree lays down the 
provisions on the operator
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Mandatory 
regulation

Finland
Timber Measurement Act 
(414/2013)

Entire Finland

Set regulations on timber and 
energy wood measurements. The 
Timber Measurement Act entered 
into force on 1 July 2013, but the 
new provisions concerning the 
measurement of energy wood 
included a transitional period 
until the end of the year 2013. 
In the same way as for other 
timber assortments, the new 
provisions ensure the reliability of 
different kinds of measurement 
methods. Unprocessed wood 
include stemwood, bark, stumps 
and roots, which are have been 
cut, chipped or crushed but are 
not sawn or planed or chemically 
treated. It also includes pulp 
chips and sawdust more than 20 
bulk m3.

Best practice 
information

Finland
Guideline of energy wood 
measurement

Entire Finland

Energy wood measurement 
is controlled according to the 
following legislation (414/2013), 
Decree by the Ministry of 
Agriculture and Forestry (12/13) 
and conversion factors according 
the METLA

Recommended 
targets or plans

Finland The National Waste Plan Entire Finland

The National Waste Plan has been 
approved by the Government and 
it sets waste management goals 
for 2016 and defines the actions 
required for achieving the goals. 
Regional Environment Centres, 
namely the current Centres 
for Economic Development, 
Transport and the Environment, 
have prepared regional waste 
plans in order to support the 
implementation of the national 
plan.
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Mandatory 
regulation

Finland

Waste Act (646/2011), Waste 
Decree (179/2012) and Government 
Decree on waste incineration 
(151/2013), Government Decree 
concerning the recovery of certain 
wastes in earth construction 
(591/2006).

Entire Finland

The Waste Act shall apply to 
waste, waste management and 
littering, as well as to products 
and activities generating 
waste. The purpose of this Act 
is to prevent the hazard and 
harm to human health and the 
environment posed by waste and 
waste management, to reduce 
the amount and harmfulness of 
waste, to promote the sustainable 
use of natural resources, to ensure 
functioning waste management, 
and to prevent littering. The 
objective of Decree (591/2006) 
is to promote the recovery of 
wastes by determining the 
preconditions as the result of 
which, if met, no environmental 
permit in accordance with the 
Environmental Protection Act 
(86/2000) will be needed for use 
in earth construction from waste. 
Finnish legislation is on line with 
Industrial emission directive 
(2010/75/EC) and End of waste 
directive (98/2008/EC). In 2015 
the Ministry of Environment 
published guidelines for 
municipal waste legislation.
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Mandatory 
regulation

Finland
Environmental protection act 
(527/2014), and Environmental 
protection decree (713/2014)

Entire Finland

The objective of this Act is: 1) 
to prevent the pollution of the 
environment and to repair and reduce 
damage caused by pollution; 2) to 
safeguard a healthy, pleasant and 
ecologically diverse and sustainable 
environment; 3) to prevent the 
generation and the harmful effects 
of waste; 4) to improve and integrate 
assessment of the impact of activities 
that pollute the environment; 5) 
to improve citizens’ opportunities 
to influence decisions concerning 
the environment; 6) to promote 
sustainable use of natural resources; 
and 7) to combat climate change 
and otherwise support sustainable 
development. This Act applies to 
all activities that lead or may lead 
to environmental pollution as laid 
down below. This Act also applies to 
activities that generate waste and to 
waste disposal. (647/2011), (2) The 
Act herein does not apply to activities 
for which provisions are laid down in 
the Act on Environmental Protection 
in Maritime Transport (1672/2009), 
unless otherwise provided in that 
Act, nor to activities referred to in 
the Act on the Protection of the 
Sea (1415/1994). Nor does this Act 
apply to prevention of the harmful 
effects of radiation in so far as it is 
prescribed upon in the Nuclear Energy 
Act (990/1987) or the Radiation Act 
(592/1991), nor to prevention of 
pollution of bodies of water as laid 
down in the Agreement on Frontier 
Rivers (SopS 54/1971) between 
Finland and Sweden (1676/2009) and 
(3) Exceptions to the application of 
this Act may be laid down by decree 
if so required by national security, 
emergency supply or the special nature 
of the Defence Forces’ activities. (4) The 
provisions of international agreements 
on the protection of the seas that are 
binding on Finland shall be observed 
when this Act is applied. In addition, 
what is laid down elsewhere in the 
law, shall be observed pertaining to 
prevention of environmental pollution 
and (5) material hierarchy.
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Mandatory 
regulation

Finland

Water act (587/2011), the Act on 
Water Resources Management 
(1299/2004), the Degree on 
Water Resources Management 
(1040/2006) and the related Decree 
on Water Resources Management 
Regions (1303/2004), Government 
Decree on Urban Waste Water 
Treatment (888/2

Entire Finland

The aim of Water Act is promote, 
organise and control water 
resource and use of waters, so 
that is socially, economically 
and ecologically sustainable 
and to prevent damages caused 
by water and use of water 
resources and to improve water 
resources and environment of 
water. Government Decree on 
Urban Waste Water Treatment 
sets minimum standards both 
for wastewater treatment, and 
for the design, construction, use 
and maintenance of treatment 
facilities. Finland’s Nitrates Decree 
(931/2000) is based on the EU 
Nitrates Directive, and controls 
the use of nitrate fertilizers in 
all farms across the country. 
Water Services Act (119/2001) is 
to ensure water services which 
provide a sufficient amount of 
impeccable household water with 
respect to health and otherwise 
as well as appropriate sewerage 
in terms of the protection of 
health and the environment. The 
Regional State Administrative 
Agencies (AVIs) are the state 
authorities charged with 
issuing environmental permits 
under Finland’s Water Act and 
Environmental Protection Act.
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Mandatory 
regulation

Finland
The Government Decree on air 
quality (38/2011)

Entire Finland

Finnish air quality objectives 
include binding limit values and 
non-binding national guideline 
values. The mandatory air quality 
limit values correspond to those 
of the European Union’s Air 
Quality Framework Directive 
(96/62/EC) and the three 
daughter directives: (1999/30/
EC), (2000/69/EC) and (2002/3/
EC). The provisions of these 
directives have been transposed 
into the national legislation by 
the Environmental Protection 
Act (86/2000), the Government 
Decree on air quality (711/2001) 
and the Government Decree on 
ozone in ambient air (783/2003). 
Air quality in buildings is 
regulated in accordance with the 
Health Protection Act (763/1994,) 
and falls under the supervision of 
the Ministry of Social Affairs and 
Health. Government decrees on 
the reduction of emissions from 
transport are issued under the 
Vehicles Act (1090/2002).

Mandatory 
regulation

Finland

Act on Environmental Impact 
Assessment Procedure (468/1994), 
Government Decree on 
Environmental Impact Assessment 
Procedure (713/2006)

Entire Finland

The Act on Environmental Impact 
Assessment Procedure applies to 
all projects that may be expected 
to have considerable negative 
environmental impacts. The 
related Decree on Environmental 
Impact Assessment Procedure 
lists the types of projects that 
must always be subjected 
to EIAs, such as motorways, 
airports, large harbours, and 
major poultry- and pig-farming 
facilities. EIA procedure may also 
be required for individual projects 
where harmful environmental 
impacts are likely, on the basis of 
decisions made by the regional 
environment centre. Act and 
decree is in line with EU Directive 
(2001/42/EC).
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Mandatory 
regulation

Finland

Land use and building Act 
(132/1999 and amendment 
132/2003) and Land Use and 
Building Decree (895/1999) 
and Building Codes. Act on the 
Protection of the Built Heritage 
(498/2010) and Antiquities Act 
(295/1963).

Entire Finland

The Land Use and Building 
Act aims to organise land use 
and building to create the 
basis for high quality living 
environments, to promote 
ecologically, economically, 
socially and culturally sustainable 
developments, to ensure that 
everyone has the chance to 
participate in open planning 
processes, to guarantee the 
quality of openly publicised 
planning decisions and 
participatory processes, and 
to ensure that a wide range of 
planning expertise is available. 
Decree states principles of 
investigation. Investigation must 
provide the data necessary for 
assessing the significant direct 
and indirect impact of the plan

Awareness raising Finland
Implementing specification of used 
wood in practice (VTT-M-01931-4 ).

Entire Finland

Guideline includes implementing 
international standards for solid 
biofuels (EN ISO 17225-1) for 
classification of wood waste, 
which are allowed to burn in 
biomass combustion plants. 
Guideline also include required 
measurement of properties e.g. 
As, Cr and Cu, nitrogen, sulphur 
and chlorine that values are not 
higher than virgin wood. Wood 
waste is classified A and B, which 
can be burned in biomass plants 
or C, which are under waste 
combustion degree (151/2013) 
and will be incinerated in waste 
combustion plant. For class C 
wood waste EN 15359 standard 
is applied for fuel specification. 
Guideline also includes examples 
of different kind of waste wood 
and their classification. Guidelines 
also advice used wood producers 
and uses to the legislation, which 
should be followed. If wood waste 
include also fossil part (e.g. paint, 
glue, lacquer) than also emission 
factor is stated.
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Licences and 
permits

Czech 
Republic

Act on conditions of converting 
agricultural and forest lands from 
ownership of the state to other 
persons and amending Act on the 
Land fund of the Czech Republic.

Entire Czech Republic

The first Section of this Act, which 
is composed of 20 articles, lays 
down conditions applicable to 
the transfer of agricultural and 
forest public lands. The second 
Section of the Act lays down 
some amendments to the Act 
on the Land Fund of the Czech 
Republic. This Act is amended in 
2008. The act of 2008 amends five 
points of the Act on conditions of 
converting agricultural and forest 
lands from ownership of the state 
to other persons and amending 
Act on the Land fund of the Czech 
Republic. In particular, the Act 
amends conditions of selling 
agricultural land and forest land 
to self-employed farmers, land 
owners, corporate partners, 
members of cooperate bodies and 
beneficiaries.

Mandatory 
regulation

Czech 
Republic

Fertilizers Act Entire Czech Republic

This Act sets out conditions 
governing the marketing and 
use of fertilizers, barnyard 
manure, additive soil substances, 
additive plant preparations and 
substrates. Further the Act lays 
down conditions for carrying 
out agrochemical tests on 
agricultural lands and assessing 
soil properties of forest lands. 
Provisions on inspection and 
penalties are also laid down. 
This first part of the Act of 
2008 amends 46 points of the 
Fertilizers Act. The Act lays down 
provisions concerning reporting 
on fertilizers and additive 
substances (art. 3a), registration 
of fertilizers (art. 4), decisions 
on registration (art. 5), use of 
fertilizers, additive substances, 
treated sludge and sediment (art. 
9), administrative offenses of 
legal and physical persons dealing 
with fertilizers. The Act amends 
also the Wastes Act, specifying 
concentration limits of pollutants 
in excavated soils, including 
sediment from water reservoirs 
and river water courses.
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Mandatory 
regulation

Czech 
Republic

Law on Agriculture Entire Czech Republic

This Act sets out the basic 
legislative framework on 
agriculture. It aims at ensuring 
agricultural development so as 
to guarantee food security and 
availability of basic agricultural 
commodities. It sets out 
provisions to support agricultural 
activities, including rules on 
environmental protection. The 
Act also establishes procedures on 
compensation of damages caused 
to farmers. The Act is composed 
of the following articles: (1) 
Aim of the Act; (2) Supporting 
agriculture; (3) Protection of the 
agricultural market; (4) Providing 
information; (5) Compensation of 
damages; (6) Final provisions; (7) 
Entry into force.

Mandatory 
regulation

Estonia Fertilizers Act Entire Estonia

This Act provides for the 
requirements for fertilizers and 
the handling thereof in order to 
ensure that fertilizers do not pose 
a threat to human and animal 
life and health or to property 
or the environment and that 
fertilizers have a favourable effect 
on plants and plant products. 
(2) The following is excluded 
from the scope of this Act: 1) 
unprocessed organic fertilizers; 2) 
unprocessed natural fertilizers ; 3) 
waste water sludge and compost 
made therefrom. [RT I 2008, 49, 
271  entry into force 01.01.2009] 
(3) [Repealed  RT I 2004, 32, 228  
entry into force 01.05.2004]. (4) 
This Act does not apply to the 
export of fertilizers from Estonia 
to the countries or territories 
outside of the customs territory of 
the European Union (hereinafter 
third country) or to a Member 
State of the European Union, 
unless otherwise provided by 
an international agreement.[RT 
I 2004, 32, 228  entry into force 
01.05.2004]
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Mandatory 
regulation

Estonia Waste Act Entire Estonia

From 1 January 2008, it is 
forbidden to deposit unsorted 
municipal waste in landfills, 
which means that waste must 
be collected separately. The 
requirement for sorting municipal 
waste is regulated by the Waste 
Act. The grounds for conditioning 
waste handling are principles 
of the environmental strategy: 
sustainable development, the 
prevention and avoidance of 
environmental damages, the 
integration of waste handling 
with other fields of life and 
with the exploitation of natural 
resources. Waste sorting is 
organised by local governments 
that also provide relevant 
information to residents.

Grants France
Decree No. 2007-951 on state 
subsidies granted for forest 
investment.

Entire France

The provisions of this Decree 
state that the State may grant 
the general budget to enable the 
achievement of the following: 
1) afforestation, reforestation, 
regeneration and stand; 2) Work 
forest improvement; 3) The work 
of forest service; 4) The work 
of forest protection including 
restoration of mountain land, 
investment in prevention and 
defense against forest fires and 
coastal dune fixation operations; 
5) cleaning, restoration and 
pest control in forest stands 
affected by exceptional natural 
phenomena; 6) The work of 
protection and restoration of 
biodiversity. Grants are awarded 
on the basis of an estimate 
and description, in accordance 
with the general rules on state 
subsidies for investment projects. 
However, the subsidy amounts 
for the transactions referred to in 
item 5 may be established on the 
basis of regional scales adopted 
by regional prefects, under the 
conditions laid down in Annex 1 
to this Order.
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Mandatory 
regulation

France

Decree No. 2001-34 on action 
programs to implement for the 
protection of waters against 
pollution caused by nitrates from 
agricultural sources.

Entire France

This decree covers the provisions 
implementing the programs 
of action for the protection of 
waters against pollution of water 
by direct or indirect discharge of 
nitrates from agricultural sources. 
These programs include the 
necessary control of fertilization 
measures and appropriate 
management of farmland to limit 
to an acceptable level leakage of 
nitrogen compounds in surface 
and groundwater. Programs are 
approved by the prefect and are 
subject to review at least every 
four years. Article 2 defines the 
maximum amount of nitrogen 
that may be contained in livestock 
manure applied (210 kg per 
hectare after the first program 
and 170 kg per hectare per year at 
the end of the next).
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Mandatory 
regulation

Hungary

Decree No. 95 of 2003 (VIII. 14.) 
FVM of the Ministry of Agriculture 
and Rural Development concerning 
the conservation and use of plant 
genetic materials.

Entire Hungary

This Decree applies to all those 
entities who bear collection 
of genetic materials and are 
approved and registered by 
the Hungarian Council of Plant 
Genetic Resources and who 
maintain such collection for 
the purpose of supporting field 
crop production, horticulture, 
organic farming, forestry and 
food production, and for the 
conservation and utilization of 
biological diversity, and all those 
entities who participate in their 
in-situ conservation, in their use 
and utilization. Moreover, this 
Decree must be applied to all 
genetic material of agricultural 
and horticultural species. The 
provisions of the International 
Treaty on Plant Genetic Resources 
for Food and Agriculture and the 
recommendations and requisites 
of standard methods agreed by 
IPGRI, the European Cooperation 
Program for Genetic Resources 
and the European Forest Genetic 
Resources Programme shall 
be applied during activities 
aimed at genetic resources 
conservation. Article 6 contains 
provisions regarding the 
conservation of cultivated plant 
species and Article 7 concerns 
the conservation forest species. 
Further Articles provide rules 
on national genetic resources 
collections, base storages and 
gene bank plantations and the 
national database. Professional 
supervision of activities related 
to genetic resources collections is 
the duty of the Hungarian Council 
of Plant Genetic Resources and 
sectorial working groups.
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Mandatory 
regulation

Hungary
Act No. CXXIII of 2007 on 
expropriation - National Land Fund

Entire Hungary

The purpose of this Act is 
to ensure the acquisition of 
immovable properties absolutely 
necessary for the realization 
of objectives of public interest 
determined by the law and, in 
the same time, to safeguard the 
balance between public interest 
and the interests of protection 
of property rights of owner. 
Expropriation can be made, 
exceptionally, by the State or 
local governments, or a third 
person if he performs activities 
determined by Art. 2, and only 
against immediate, complete 
and absolute compensation. 
Administrative and legal 
proceedings are foreseen in 
detail by Articles 24-40. The Act 
establishes the National Land 
Fund with the purpose of: a 
reasonable management of state-
owned agricultural, forestry and 
other lands, promoting ecological 
agricultural production and 
economic efficiency, and creating 
a modern landed property 
structure based on family farms. 
Property rights in regard of the 
Fund are exercised by the Minister 
in charge of agriculture policy. The 
activity of the Fund is supervised 
by the State Audit Office.

Mandatory 
regulation

Hungary

Decree No. 59 of 2008 (IV. 29.) FVM 
of the Ministry of Agriculture and 
Rural Development laying down 
detailed rules of the action plan 
needed to protect waters against 
pollution caused by nitrates from 
agricultural sources and on data 
supply and registrat

Entire Hungary

This Decree applies to all 
agricultural activities in nitrate 
sensitive areas and with regard 
to data supply and registration, 
also to companies and private 
persons keeping animals outside 
of nitrate sensitive areas, all 
except for private persons keeping 
animals for household needs. 
The rules contained in Articles 
4-9 providing Good Agricultural 
Practices to be observed by 
farmers in nitrate sensitive areas 
is in fact the action plan. Article 
10 contains rules on data supply 
and registration. Annex 1 to this 
Decree contains nitrate standards 
for manure to be used as fertilizer.
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Mandatory 
regulation

Latvia Plant protection law Entire Latvia

The plant varieties which have 
been registered in accordance 
with this Law and belong to the 
botanical genera and species 
referred to in the Annex to this 
Law shall be protected by a 
breeder’s right.

Mandatory 
regulation

Luxembourg
Grand-Ducal Regulation of 
November 24, 2000 on the use of 
nitrogen fertilizers in agriculture.

Entire Luxembourg

This Regulation aims to reduce 
water pollution caused or induced 
by nitrates from agricultural 
sources and prevents further 
pollution.

Mandatory 
regulation

Luxembourg Regulation on sewage sludge Entire Luxembourg

The purpose of this regulation 
is to regulate the treatment 
and disposal of sewage 
and sludge in agriculture to 
prevent harmful effects on soil, 
vegetation, animals and man 
while encouraging their proper 
use. The regulation is subject to 
the Minister of Planning and the 
Environment. The text contains 20 
articles divided into five chapters 
of which the most important is 
chapter II duties of holders.

Tax incentives Portugal

Decree-Law No. 179/2012 
establishing measures to promote 
production and exploitation of 
forest biomass.

Entire Portugal

This Decree-Law amends article 
3 of Decree-Law No. 5/2011, 
establishing measures to promote 
the production and exploitation 
of those forests destined to 
the supply of biomass centrals. 
Amendments specify extension 
of delays to present request of 
incentives.

Mandatory 
regulation

Portugal

Decree-Law No. 235/97 on 
protection of waters against 
pollution caused by nitrates from 
agricultural sources.

Entire Portugal

This Decree-Law establishes the 
protection of waters against 
pollution caused by nitrates from 
agricultural sources. It consists 
of 13 articles and 5 annexes 
specifying that the objectives of 
this Decree-Law are to reduce and 
avoid the freshwater pollution 
caused by the said fertilizers. 
Annexes specify the criteria of 
identification of polluted waters, 
methods to use such fertilizers, 
etc.
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Grants Romania
Increasing the added value of 
agricultural and forestry products  
Measure 123

Entire Romania

The subsidy programme 
?Increasing the added value 
of agricultural and forestry 
products  Measure 123 is part of 
the National Rural Development 
Programme and financed by the 
European Agricultural Fund for 
Rural Development (EAFRD). The 
subsidy programme ended in 
2013. One of the programme’s 
targets was to promote the use 
of renewable energy sources for 
the applicants’ own consumption. 
For the programme there was no 
specification which renewable 
energy sources were eligible 
(wind, solar, geothermal, 
biomass, biogas, hydropower 
energy).

Grants Romania
Modernisation of agricultural 
exploitation

Entire Romania

The subsidy programmes. 
Modernisation of agricultural 
exploitation: Measure 121 and 
Modernisation of agricultural 
exploitation.  Measure 121 
family farm are part of the 
National Rural Development 
Programme and financed by 
the European Agricultural 
Fund for Rural Development 
(EAFRD). The National Rural 
Development Programme’s 
new financing period operates 
from 2014 to 2020. One of the 
subsidy programme’s targets 
was to promote the use of 
renewable energy sources for 
the farm’s own consumption. 
The subsidy programme 
operated from 2010 to 2013. 
Entitled parties were farmers 
defined as juristic and physical 
persons practising agricultural 
activities situated on Romanian 
territory with two or more Units 
of Economic Dimension (UED). 
This measurement refers to the 
economic capacity of agricultural 
farms. It was calculated on the 
basis of the agricultural surface 
and a specific coefficient for 
different crops or livestock 
breeding.
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ANNEX II:  
POLICY MECHANISMS FOR BIOMASS HEAT AND 
ELECTRICITY

Policy mechanim 
type Country Policy Valid locations Valid dates Summary

Mandated quotas Belgium

Green certificates 
- Decree of the 
Walloon Government 
of 30 November 
2006 on Support for 
Renewable Energy 
and Combined 
Heat and Power 
Generation

Walloon Region Since 2006

In the Walloon region, renewable electricity 
generation is promoted through quota obligations. 
Electricity suppliers are obliged to prove, by 
submitting certificates, that a certain statutory 
and continuously increasing proportion (quota) 
of the electricity they supply was generated from 
renewable sources.

Mandated quotas Belgium

Decree of 6 May 
2004 on the 
promotion of 
green electricity 
and cogeneration 
quality: green 
certificates

Brussels Capital 
Region

Since 2004

A quota system to increase the proportion of 
renewable energy in total energy generation; 
green certificates are allocated by the Brussels 
regulatory authority Brugel. The number of 
certificates depends on the amount of electricity 
generated (in kWh) in proportion with the CO2 
saved: one certificate is issued for every 217 kg of 
CO2 saved.

Mandated quotas Germany

Renewable 
Energies Heat Act 
- Act to Promote 
Renewable Energy 
for Heating Purposes 
(EEWärmeG)

Entire Germany

In line with European Renewable Energy Directive 
2009/28/EC. EEWärmeG regulates the obligation 
to use renewable energy in new buildings. Owners 
of new buildings must cover part of their heat 
supply with renewable energies. This applies to 
residential and non-residential buildings for which 
a building application or construction notification 
was submitted after 1 January 2009. The law is 
supplemented by the Market Incentive Programme 
(MAP).

Mandated quotas Greece

Law No. 3851/2010 
Accelerating the 
development of 
Renewable Energy 
to address climate 
change and other 
provisions

Entire Greece Since 2010

The L. 3851/2010 states that the protection of 
the climate, through the promotion of electrical 
energy production from RES, which reduces GHG 
emissions, constitutes an environmental and 
energy priority of the highest significance for the 
country. It further sets specific targets for RES 
electricity share (40%), RES heating and cooling 
share (20%), and RES transport share (10%) 
in order to achieve the national target of 20% 
contribution of the energy produced from RES to 
the gross final energy consumption.
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Mandated quotas Greece

Law 3769/2009, 
amending Law 
3054/2002 - 
Organisation of 
the Oil market 
and Miscellaneous 
Provisions

Entire Greece Since 2009

Foresees the procedure under which companies 
are allocated to the amount of biodiesel that they 
can produce and distribute in the Greek market. 
It should be noted that the exact amounts are 
allocated every few years by Presidential Decrees.

Mandated quotas Poland

Energy Law (Act of 
10 April 1997); Order 
of 18 October 2012 
establishing detailed 
provisions on the 
obligations

Entire Poland

In force since 
1997, last 
amendment 
2013.

In line with European Renewable Energy Directive 
(2009/28/EC). In Poland, the main incentive for 
renewable electricity is a quota system in terms 
of a quota obligation, which is combined with 
a certificate trading scheme. Plant operators 
producing electricity using renewable energy 
sources receive one Green Certificate (certificate 
of origin) per MWh of generated electricity. The 
Energy Law obliges some industrial customers, 
electricity generators, electricity suppliers, 
end-users who are members of the commodity 
exchange, commodity brokerage houses or 
brokerage houses to meet a certain quota of 
green certificates (certificates of origin). As 
an alternative, the companies may pay a fee. 
Satisfying neither of these obligations carries a 
penalty.

Mandated quotas United Kingdom

The Renewables 
Obligation 
(Amendment) Order 
2013

Valid in England 
and  Wales; 
comparable orders 
in Scotland and 
North-Ireland

Since 2013

Under the Renewables Obligation Orders, 
electricity suppliers are obliged to prove that 
a certain percentage of electricity supplied to 
final consumers within the United Kingdom was 
generated from renewable sources. This obligation 
can be met by presenting Renewables Obligation 
Certificates (ROCs in England and Wales, SROCs 
in Scotland, NIROCs in Northern Ireland) to the 
regulatory authority, or by paying into a ‘buy-out’ 
fund. This framework supports systems or plants 
above 5 MW. Plants between 50 kW and 5 MW 
located in Great Britain (England, Wales and 
Scotland) are entitled to choose between the ROC 
scheme and the FIT.

Mandatory regulation Austria

Directives G31 and 
G33 of the Austrian 
Association for 
Gas and Water 
(Österreichische 
Vereinigung für das 
Gas- und Wasserfach 
– ÖVGW)

Entire Austria
Since 2001, 
ongoing

Directives G31 and G33 defines quality and 
technical standards for biogas injection into 
natural gas grids e.g. gross caloric value 10,7 kWh/
m³ or a CH4 share of 96%.

Mandatory regulation Austria
ÖNorm EN14961 
- Solid biofuels 
standard

Entire Austria

Withdrawn 
2014, replaced 
by ÖN EN ISO 
17225

This Austrian standard makes for the national 
implementation of EN 14961 parts 1 - 6; Part 1: 
General requirements; Part 2: Wood pellets; Part 3: 
Wood briquettes; Part 4: Wood chips; Part 5: Log 
wood; Part 6: Non woody pellets
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Mandatory regulation Austria
Austrian standard 
ÖN C 4005

Entire Austria

Since 2012, 
ongoing; 
upgrade 
regarding ÖN EN 
ISO 17225 under 
development

EN 14961 is accompanied by the national standard 
C 4005 for the more practical application. It 
focuses on wood chips and shredder wood in firing 
facilities below 500 MW. It provides an easier 
qualification of wooden fuels, less classification 
and lists of typical values for the ash content etc. 
On the basis of ÖN EN ISO 17225, wooden forest 
offcuts are defined as solid fuel originating from 
“forest and plantation wood as well as freshly-
cut wood” sold under the designation “chipped 
wooden offcuts” and “shredder wood”. This ÖNORM 
shall be applied jointly with ÖNORM EN 17225.

Mandatory regulation Austria

ÖN EN ISO 17225 
- International 
Standard for solid 
biofuels

Entire Austria
Since 2014, 
ongoing

The new worldwide standard for wood fuels is 
still in the national implementation process and 
its implementation will replace the EN 14691 and 
will change the ÖNORM C 4005. The ÖN EN ISO 
17225 covers solid biofuels - Fuel specifications 
and classes - Part 1: General requirements; Part 
2: Graded wood pellets; Part 3: Graded wood 
briquettes; Part 4: Graded wood chips; Part 5: 
Graded firewood; Graded non-woody pellets; 
Graded non-woody briquettes. Producers should 
be oriented on this standard or the national 
standard.

Mandatory regulation Belgium

Royal Decree of 
12 October 2010 
on efficiency and 
emission levels of 
small scale heating 
installations

Entire Belgium 
(federal)

Since 2014
The goal of this decree is to secure the conditions 
of bringing heat generators powered by solid fuel 
to the market.

Mandatory regulation Belgium

Energy Decree - 
Decree of 8 May 
2009 concerning 
general provisions 
related to energy

Flanders
Since 2009, 
ongoing

The Energy Decree bundles all prior energy 
related decrees, e.g. electricity and gas decree, 
and stipulates general conditions for energy 
policy in Flanders. The following relevant parts 
can be identified: - Green power certificates - 
CHP certificates - Grid injection tariffs - Green 
heat support - Renewable heating in buildings 
obligation

Mandatory regulation Belgium

Royal Decree of 
5 April 2011 on 
requirements for 
wood pellets in non-
industrial heating 
installations

Entire Belgium 
(federal)

Since 2011

In a royal decree the minimum requirements 
for wood pellets to be used in non-industrial 
heating installations are regulated. Pellets should 
be produced from chemically uncontaminated 
wood, and should come from sustainable forest 
management (FSC, PEFC or equivalent).

Mandatory regulation Belgium

Royal Decree of 
12 October 2010 
on efficiency and 
emission levels of 
small scale heating 
installations

Entire Belgium 
(federal)

Since 2010
Minimum requirements for efficiency and emission 
levels of small scale heating systems operating on 
solid fuel.
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Mandatory regulation Germany

Requirements 
for packaging 
recoverable through 
composting and 
biodegradation - DIN 
EN 13432:2000

Entire Germany
Published 2000, 
active

Mandatory regulation Germany
Solid biofuels - DIN 
EN 14961

Entire Germany

Mandatory regulation Germany

Rules for the 
procurement of 
wood products 
for the German 
government

Entire Germany
The procurement of wood products for the 
German government is required to originate from 
sustainably managed forests.

Mandatory regulation Greece

MD 
189533/7.11.2011 
- Regulation of 
issues relating to the 
operation of fixed 
furnaces for heating 
buildings and water

Entire Greece Since 2011

Transposition of Directive 2009/28/EC; revises 
the institutional framework by removing the 
prohibition on the use of biomass boilers in central 
Athens and Thessaloniki. Biomass central heating 
boilers must conform to the requirements of Class 
3 from the EN 303-5 standard.

Mandatory regulation Netherlands
EPC - Energy 
savings in buildings 
(Bouwbesluit)

Entire Netherlands
In force since 
2011

The Energy Performance Coefficient (EPC) is an 
index that indicates the energy efficiency of new 
construction, and is determined by calculations 
specified in the standard NEN 7120. In line with 
EU Energy Performance of Buildings Directive 
(2010/31/EU)

Mandatory regulation Slovakia
Product norm for 
solid biofuels: STN 
EN 14961

Entire Slovakia

Consists of: Part 1- Wood pellets for non-industrial 
use; Part 2- Wood briquettes for non-industrial 
use; Part 3- Wood chips for non-industrial use; Part 
4- Firewood for non-industrial use; Part 5- Non-
wood pellets for non-industrial use

Mandatory regulation Spain

Royal Decree-Law 
9/2013, adopting 
urgent measures 
to guarantee the 
financial stability 
of the electricity 
system

Entire Spain Since 2013

Royal Decree-Law 9/2013 establishes, among 
others, rules for the remuneration system 
applicable to electricity production facilities 
using renewable energy sources, cogeneration 
and wastes. This Royal Decree-Law repeals the 
former regulation (Royal Decree 661/2007) which 
contained a feed-in tariff system. Complementary 
regulations: - Law 24/2013 on Electricity Sector. 
- Royal Decree 413/2014 regulating electricity 
production from renewable energy sources, 
cogeneration and wastes. - Ministerial Order 
IET 1045/2014 approving the remuneration 
parameters for standard facilities, applicable to 
certain electricity production facilities based on 
renewable energy sources, cogeneration and 
wastes.
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Mandatory regulation Spain

Royal Decree 
1955/2000 
regulating 
transmission, 
distribution, 
commercialisation, 
supply and the 
authorisation 
procedures for 
electrical energy 
installations

Entire Spain Since 2000

Royal Decree 1955/2000 establishes the 
obligations for the transmission of electric power. 
It also regulates the functions of the System 
Operator and Manager of the transmission Grid. It 
regulates the activities of the distributors as well as 
the activities of the retailers. It regulates the access 
of third parties to the transmission and distribution 
grids. It establishes some mandatory minimum 
quality standards to the distributors and the 
corresponding compensations to the consumers 
if they are not accomplished. It regulates the 
authorization procedures and inscription in the 
corresponding administrative registrations of the 
electric power facilities.

Mandatory regulation Spain

Royal Decree 
1434/2002 
regulating 
transmission, 
distribution, 
commercialisation, 
supply and the 
authorisation 
procedures for 
natural gas 
installations

Entire Spain Since 2002

Royal Decree 1434/2002 establishes the 
framework in which activities related to the 
natural gas industry have to be developed and 
which covers three basic aspects. Firstly, the 
requirements needed to carry out the different 
activities (transportation, distribution and supply 
sale) are determined; secondly, the aspects 
regarding supply itself are regulated and lastly, all 
of the details of the administrative authorisation 
procedure for gas installations are regulated.

Mandatory regulation Spain
Law 34/1998 of the 
hydrocarbons sector

Entire Spain Since 1998

Law 34/1998 establishes the legal framework 
for activities involving liquid and gaseous 
hydrocarbons. The following activities are deemed 
to be included within the scope of this Law: a) 
Exploration, research and mining of deposits 
and underground stores of hydrocarbons. b) 
Foreign trade, refining, transportation, storage 
and distribution of crude oil (petroleum) and 
petroleum products including liquefied petroleum 
gases. c) The acquisition, production, liquefaction, 
regasification, transportation, storage, distribution 
and trading of gas fuels through pipelines.

Mandatory regulation Spain

Royal Decree 
314/2006 approving 
the Technical 
Building Code

Entire Spain Since 2006

The Technical Building Code (TBC), approved 
by Royal Decree 314/2006, is the regulatory 
framework that establishes the demands to be 
met by buildings in terms of the basic security 
and living conditions requirements. To enhance 
innovation and technological development, the 
TBC has adopted a more modern, international 
approach in the field of building regulations: codes 
based on features and objectives. The Technical 
Code contains an Energy Saving Document where 
the basic requirements in energy efficiency and 
renewable energy that must be met in new 
buildings and interventions in existing buildings 
are described.
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Mandatory regulation Spain

Royal Decree 
1027/2007 
approving the 
regulation for 
thermal installations 
in buildings

Entire Spain Since 2007

Royal Decree 1027/2007 forms the basic legislative 
framework laying down the energy efficiency 
and safety requirements to be met by heating 
and cooling systems in buildings with a view to 
meeting people’s comfort and hygiene demands 
during their design and sizing, construction, 
maintenance and use, and also to specify the 
procedures intended to provide evidence that 
these requirements have been met. Regarding 
energy efficiency, the mentioned requirements 
should lead to a reduction of the consumption of 
conventional energy by the heating and cooling 
systems and, as a result, of the GHG emissions and 
other atmospheric pollutants, by using energy 
efficient systems and systems allowing energy 
recovery and the use of renewable energies.

Mandatory regulation United Kingdom
Statutory Guidance 
for Combustion of 
Waste Wood

Entire UK
Guidance revised 
2007

Combustion of fuel manufactured from or 
comprised of solid waste in appliances between 
0.4 and 3 MW rated thermal input. Virgin wood 
residue is no longer categorized as waste by the 
Environment Agency, as of October 2007.

Mandatory regulation United Kingdom
Solid fuel heating 
boilers

Entire UK

British implementation of European standard for 
solid fuel heating boilers up to 300kW (BS EN 303 
Part 5:1999). This sets requirements, including 
for performance, efficiency and emissions, and 
testing and marking of equipment. Updated to EN 
303-5:2012

Mandatory regulation European Union
Energy Performance 
of Buildings Directive 
(2010/31/EU)

EU-28 countries
In force since 
2010

Under this Directive, Member States must 
establish and apply minimum energy performance 
requirements for new and existing buildings, 
ensure the certification of building energy 
performance and require the regular inspection of 
boilers and air conditioning systems in buildings. 
Moreover, the Directive requires Member States 
to ensure that by 2021 all new buildings are so-
called ‘nearly zero-energy buildings’. To calculate 
the energy performance of buildings, the positive 
influence of heating and electricity systems based 
on renewable energy shall be taken into account.

Mandatory regulation European Union
Alternative Fuels 
Infrastructure 
Directive

EU-28 countries
In force since 
2014

Requires Member States to develop national 
policy frameworks for the market development of 
alternative fuels and their infrastructure; foresees 
the use or common technical specifications for 
recharging and refuelling stations; paves the way 
for setting up appropriate consumer information 
on alternative fuels, including a clear and sound 
price comparison methodology.

Mandatory regulation European Union

Emission 
performance 
standards for new 
passenger cars

EU-28 countries
In force since 
2009.

This Regulation sets standards to frame the CO 
emissions of new passenger cars (type M1). The 
fleet average to be achieved by all new cars is 130 
grams of CO2 per kilometre (g/km) by 2015 and 
95g/km by 2020. The Regulation includes specific 
provisions for vehicles running on a mixture of fuel 
with 85 % ethanol (E85).
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Qualifying criteria for 
incentives

Austria

Green Electricity 
Act - Federal Act 
on the Support of 
Electricity Produced 
from Renewable 
Energy Sources 
(Ökostromgesetz 
ÖSG 2012)

Entire Austria
Since 2012, 
ongoing

Electricity from renewable sources is supported 
mainly through a guaranteed feed-in tariff. The 
operators of renewable energy plants are entitled 
to the conclusion of a contract with a government 
purchasing agency, the Clearing and Settlement 
Agency, on the purchase of and payment for 
electricity as long as funds are available. Biogas 
and biomass installations should reach an 
efficiency of at least 60%. Targets for additional 
installations in the period 2010 to 2020 according 
to the Green Electricity Act: Hydro 1,000 MW, Wind 
2,000 MW, PV 1,200 MW, Biomass and Biogas 
200 MW (provided that sufficient resources are 
available).

Qualifying criteria for 
incentives

Belgium

Decree of 11 March 
2004 on incentives 
intended to promote 
environmental 
protection and 
sustainable use of 
energy

Walloon Region Since 2004

The Walloon Region provides investment 
assistance for companies which develop projects 
aiming at developing the sustainable use of 
energy, including investments in renewable energy 
plants. The production of heat and electricity 
through biogas CHP plants with an electrical 
power less than 10 kW is eligible. Heat production 
through biomass heating plants as well as heat 
and electricity production through biomass CHP 
plants are eligible, except solid biomass CHPs 
with electric power >1 MW, or plants using liquid 
biomass.

Preferential market 
access

Germany
Gas Network Access 
Regulation (GasNZV)

Entire Germany

Support for feeding biogas into the gas network. 
- Grid connection cost allocation now 25% for 
connectee, 75% for grid operator - Ensure the long 
term availability of grid connections of at least 
96% - Implementation road map which establishes 
the timeframes for grid connection.

Preferential market 
access

Greece

Law No. 3468/2006. 
Generation of 
Electricity Using 
Renewable Energy 
Sources and 
High-Efficiency 
Cogeneration of 
Electricity and Heat 
and Miscellaneous 
Provisions

Entire Greece Since 2006

Transposition of Directive 2001/77/EC on the 
promotion of electricity produced from RES in the 
internal electricity market and the promotion, 
by granting priority to the generation of 
electrical power from RES and high-efficiency 
cogeneration of electricity and heat plants in the 
internal electricity market, on the basis of rules 
and principles. In Greece, renewable electricity 
generation is mainly promoted through a 
guaranteed feed-in tariff.

Grants Austria

Combined Heat 
and Power Law 
(Kraft-Wärme-
Kopplungsgesetz 
KWKG)

Entire Austria

Since 2008, 
ongoing; last 
amendment Jan. 
2015

This federal act regulates the uniform distribution 
of subsidies for combined heat and power facilities. 
The act promotes the financial support for the 
modernisation of existing facilities as well as 
investment subsidies for new CHP facilities.

Grants Austria

Climate and Energy 
Fund: Subsidy 
scheme wood 
heating (Klima- und 
Energiefonds FHS)

Entire Austria
Since 2007, 
ongoing

Subsidy scheme for private households for the 
implementation of pellet and wood-chip central 
heating systems and pellet stoves. The subsidy 
applies to the substitution of fossil-fuel-based 
heating systems with renewable-energy-based 
ones. Installations must be operated either with 
wood chips or pellets. Log wood boilers are not 
subsidised.
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Grants Croatia

Fund for 
Environmental 
Protection and 
Energy Efficiency Act 
(OG 107/03, 144/12)

Entire Croatia

The Fund for Environmental Protection and Energy 
Efficiency awards interest-free loans, investment 
grants/subsidies and donations, to renewable 
energy projects through a tendering process. They 
apply to all natural and legal persons with a seat 
in Croatia.

Grants Germany
Flexibility premium 
(EEG, § 33i)

Entire Germany

The operators of biogas plants who sell their 
electricity directly, i.e. sell them to third parties 
by supply agreements or at the stock market, may 
claim a flexibility premium for providing additional 
installed capacity for on-demand use. For a plant 
operator to be eligible for the flexibility premium, 
he shall provide additional installed capacity that 
may only be used on demand rather than on a 
regular basis. This premium may be received on top 
of and separately from the market premium.

Grants Germany
BAFA renewable 
heat investment 
support

Entire Germany

In the framework of the Market Incentive 
Programme (MAP) BAFA provides investment 
support for heat produced in existing buildings. For 
biomass the following technologies are supported: 
•	Plants	with	automatic	feeding	for	the	burning	of	
solid biomass for thermal usage of up to 100 kW 
nominal heat output 
•	Low	emission	logwood	boilers	of	up	to	100	kW	
nominal heat output (Scheitholzvergaserkessel).
	•	Secondary	measures	for	emission	reduction	and	
efficiency of plants of up to 100 kW nominal heat 
output.

Grants Poland

ThermoModern 
- Act on Thermo-
Modernisation - Act 
of 21 November 
2008 on Support 
for Thermo-
Modernisation and 
Refurbishments

Entire Poland

In force since 
2009, last 
amendment 
2013.

The thermo-modernisation grant scheme supports 
building renovations which increase energy 
efficiency or the use of renewable energy sources 
for heating purposes. Lenders may receive grants 
to pay off part of the loan taken out to implement 
such measures.

Grants Slovakia

Programme for 
the Higher Use 
of Biomass and 
Solar Energy in 
Households

Entire Slovakia
From 2008 to 
2015.

Investment support for the use of solar energy and 
biomass for heating and hot water for apartments 
and houses is available for individuals in the form 
of subsidies for biomass boilers and solar thermal 
systems. The scheme was optimised through the 
approval of a new law, Act No 181/2011 on the 
provision of subsidies within the competence of 
the Ministry of Economy of the Slovak Republic. 
The support of biomass boilers is addressed to 
house owners or co-owners.

Grants Slovakia

Operational 
Programme 
Competitiveness and 
Economic Growth

Entire Slovakia

Measure 2.1 - “Increasing efficiency in energy 
production and consumption and providing 
progressive energy technologies” of the 
Operational Programme Competitiveness and 
Economic Growth of the European Structural Fund 
- gives enterprises the opportunity to apply for 
investment grants for renewable energy projects.
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Grants Slovakia
Operational 
Programme 
Bratislava Region

Bratislava Region

Measure 2.1. “Innovation and technology transfer” 
is a sub-programme of the Operational Programme 
Bratislava Region, which awards grants to projects 
in the field of renewable energy.

Grants Spain BIOMCASA II Entire Spain

Resolution dated December 12, 2012, establishing 
the regulatory basis and call for the authorization 
of collaborating companies in the programme 
for the implementation of projects on the use of 
biomass for heating in buildings (BIOMCASA II). 
The Biomcasa II programme is a continuation 
of the Biomcasa programme. The aim of the 
programme is to establish a funding mechanism 
that promotes quality and is tailored to the 
specific needs of users of biomass systems. 
Private or public companies dealing in the supply 
and installation of biomass systems and Energy 
Service Companies may participate in this scheme 
and gain access to funding, as long as they can 
demonstrate a certain level of quality in technical 
services and organisational structure. The total 
available budget of the programme is EUR 5 
million. 100% of the project costs can be covered, 
but there is a maximum limit of EUR 350,000 per 
individual project and a maximum of EUR 1 million 
per qualified company.

Grants Spain

Subsidies for 
renewable energies 
and energy saving in 
Aragón

Autonomous 
Region of Aragón

Since 2015

The aim of Decree 216/2005 is to promote energy 
diversification and saving, the rational and efficient 
use of energy as well as the use of renewable 
energy sources within the Autonomous Region of 
Aragón. It lays down the bases for the granting 
of subsidies for projects implementing these 
technologies. Order of March 12, 2015, calls for 
subsidies for 2015 in the areas of energy saving 
and diversification, rational use of energy, use of 
indigenous and renewable resources and energy 
infrastructures, under Decree 216/2005. Subsidies 
for projects and facilities intended for the use of 
agricultural, forestry and livestock residues and 
wastes, as well as municipal waste and energy 
crops applied to energy production processes, 
heating and hot water production.

Grants Spain

Decree 130/2013 
on subsidies 
for renewable 
energy facilities in 
Extremadura

Autonomous 
Region of 
Extremadura

Since 2013

Decree 130/2013, establishing the regulatory 
bases of subsidies for companies in the tourism 
and agro-industrial sector in the Antonomous 
Region of Extremadura for the implementation 
of renewable energy facilities based on solar 
thermal and biomass technologies, and calling for 
the granting of subsidies for 2013. Subsidies for 
facilities intended for the use biomass for energy 
production processes, heating and hot water 
production.
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Grants Spain

Subsidies for 
renewable energies 
and energy saving in 
La Rioja

Autonomous 
Region of La Rioja

Since 2014

Resolution of February 10, 2014, approving the 
period for the submission of applications for 
the granting of subsidies for the promotion of 
renewable energy, energy saving and efficiency, 
and environment protection. Subsidies for 
facilities intended for the use of biomass for heat 
production and the use of biogas obtained by 
anaerobic digestion of biodegradable waste for 
heat and electricity production.

Loans and loan 
guarantees

Croatia

Fund for 
Environmental 
Protection and 
Energy Efficiency Act 
(OG 107/03, 144/12)

Entire Croatia

The Fund for Environmental Protection and Energy 
Efficiency awards interest-free loans, investment 
grants/subsidies and donations, to renewable 
energy projects through a tendering process. They 
apply to all natural and legal persons with a seat 
in Croatia.

Loans and loan 
guarantees

Croatia

HBOR Loan 
Programme for 
Environmental 
Protection, Energy 
Efficiency and 
Renewable Energy 
Sources

Entire Croatia

Renewable energy loans are issued by the Croatian 
Bank for Reconstruction and Development (HBOR). 
The HBOR is obliged to support projects aiming 
at environmental protection. On this basis, the 
HBOR has launched the Loan Programme for 
Environmental Protection, Energy Efficiency and 
Renewable Energy, which supports investments 
in primary sources, such as initial funding, land, 
buildings, equipment and devices.

Loans and loan 
guarantees

Germany
KfW Renewable 
Energy Programme 
Premium

Entire Germany

In the framework of the Market Incentive 
Programme (MAP), KfW provides low-interest 
loans with grant payback support for the 
development and expansion of heat installations/
plants.	Support	is	given	to:	•	Plants	for	the	
purification of biogas to natural gas quality and 
biogas	pipelines	for	non-purified	biogas	•	Plants	
with automatic feeding for the burning of solid 
biomass for thermal use >100 kW nominal heat 
output	including	hot	water	storage	•	CHP	using	
solid biomass including buffer storage.

Loans and loan 
guarantees

Greece

Resolution to 
Establish the 
“Exoikonomo 
kat’oikon” 
Programme, FEK B 
1180 of 09.06.2011.

Entire Greece Since 2011

The Programme “Exoikonomo kat’oikon” aims at 
improving the energy performance of residential 
buildings through the provision of interest-free 
loans and subsidies for the installation of RES 
plants and energy-saving measures. Eligible 
measures are the installation of an RES-H plant 
or the replacement of an existing conventional 
plant with an RES-H plant. The Programme is co-
financed by the EU’s Regional Development Fund, 
which provides 85% of the programme budget.

Loans and loan 
guarantees

United Kingdom

Energy Act 2011 
/ Green Deal 
(Qualifying Energy 
Improvements) 
Order 2012

Valid in Great 
Britain (England, 
Wales and 
Scotland)

Since 2011

The Energy Act 2011 introduced the Green Deal, 
an energy-efficiency scheme, covering some 
renewable technologies (incl. biomass boilers). 
Green Deal is an incentive scheme for energy-
efficiency improvements in buildings. Under the 
scheme home and business owners may obtain a 
loan for the measures specified in the Green Deal 
(Qualifying Energy Improvements) Order and pay 
off the loan through their energy bill.
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Feed-in tariffs Austria

Green electricity 
feed-in tariff 
regulation (Ökostrom-
Einspeisetarifverordnung)

Entire Austria

Since 2012, 
ongoing; last 
amendment 
Nov. 2014

The regulation concerns feed-in tariffs for green 
power from solid, liquid and gaseous fuels.

Feed-in tariffs Croatia

Tariff System 
for Electricity 
Production from 
Renewable Energy 
Sources and CHP 
(OG 133/13, 151/13, 
20/14)

Entire Croatia

In Croatia, renewable energy is mainly supported 
through a feed-in tariff. Every producer, who 
holds the status of “qualified producer” and has 
signed a formal agreement with the Croatian 
Energy Market Operator (HROTE) has the right to 
receive an incentive depending on the type of RES 
technology and power output of his RES-E plant or 
PV installation, as is defined in the Tariff System.

Feed-in tariffs Croatia

Regulation on the 
Fee to Encourage 
the Production of 
Electricity from 
Renewable Energy 
Sources and CHP (OG 
144/11, 128/13)

Entire Croatia

This regulation determines the manner of use, the 
amount, calculation, collection, allocation and 
payment of fees that are designed to encourage 
the production of electricity from RES.

Feed-in tariffs Germany

Renewable 
Energy Sources 
Act 2012 - Act on 
Granting Priority to 
Renewable Energy 
Sources (EEG 2012)

Entire Germany

In line with European Renewable Energy Directive 
2009/28/EC. In Germany, the most important 
means to promote electricity from renewable 
sources is the feed-in tariff as set out in the 
EEG. The act aims to increase the proportion of 
electricity from renewable energy sources in total 
energy supply from at least 35% in 2020 to at least 
80% by 2050 and to integrate these quantities 
of electricity in the electricity supply system. The 
amount of tariff for a given plant is the tariff level 
as defined by law minus the degression rate, which 
depends on the year in which the plant was put 
into operation.

Feed-in tariffs Greece

Law No. 3468/2006. 
Generation of 
Electricity Using 
Renewable Energy 
Sources and 
High-Efficiency 
Cogeneration of 
Electricity and Heat 
and Miscellaneous 
Provisions

Entire Greece Since 2007

Transposition of Directive 2001/77/EC on the 
promotion of electricity produced from RES in the 
internal electricity market and the promotion, 
by granting priority to the generation of 
electrical power from RES and high-efficiency 
cogeneration of electricity and heat plants in the 
internal electricity market, on the basis of rules 
and principles. In Greece, renewable electricity 
generation is mainly promoted through a 
guaranteed feed-in tariff.

Feed-in tariffs Slovakia

RES Act - Act 
309/2009 on 
the Support of 
Renewable Energy 
Sources and 
High-efficiency 
Cogeneration

Entire Slovakia Since 2009

In the Slovak Republic, electricity from renewable 
sources is supported mainly through a fixed feed-
in tariff. The feed-in tariff consists of two parts: the 
price of electricity for losses (market price) and a 
surcharge. The market price is paid for all electricity 
supplied from RE facilities up to a support limit 
of 125 MW. The surcharge is billed by the plant 
operator for the electricity generated, less the 
internal technological consumption of electricity. 
Complemented by Regulation No. 221/2013 to set 
the prices for energy.



168

Republic of Serbia
Ministry of Mining and Energy

Feed-in tariffs United Kingdom
Feed-in Tariffs Order 
(FTO)

Valid in Great 
Britain (England, 
Wales and 
Scotland)

In force since 
2010

The feed-in tariff system in Great Britain (UK, 
excluding N-Ireland) came into effect in 2010 and 
aims to support small-scale RES-E plants (less than 
5 MW). Plants between 50 kW and 5 MW located 
in Great Britain are entitled to choose between 
this system and the ROO quota system. The 
accreditation is based on the existing ROO process. 
Once a plant has been accredited, the electricity 
exported to the grid by the plant is bought by an 
electricity supplier at the rates fixed by the FTO 
2012.

Green energy 
generation payments

United Kingdom
Renewable Heat 
Incentive

Valid in Great 
Britain (England, 
Wales and 
Scotland)

Since 2011

Financial support programme for renewable heat. 
The non-domestic RHI scheme has been open to 
commercial, industrial, public sector, not for profit 
and heat networks since November 2011; the 
domestic scheme was launched in April 2014. The 
RHI is designed to bridge the gap between the 
cost of fossil fuel heat installations and renewable 
heat alternatives through financial support for 
owners. New biomass sustainability criteria were 
introduced in February 2015.

Green energy 
generation payments

United Kingdom

The Renewable 
Heat Incentive 
Scheme Regulations 
(Northern Ireland) 
2012

Valid in Northern 
Ireland

Since 2012

Financial support programme for renewable heat 
in Northern Ireland. Provides financial support 
to non-domestic renewable heat generators 
and producers of biomethane. The RHI tariff 
compensates investors for the additional costs of 
renewable heat compared to traditional fossil fuel 
systems.

Tax incentives Austria
Mineral Oil Tax Act 
(Mineralölsteuergesetz 
MOeStG)

Entire Austria

Since 1994, 
ongoing; last 
amendment 
Aug. 2015

In Austria the mineral oil tax is a consumption 
charge put on fuels from mineral oils used in 
road transport. Petrol and diesel with a minimum 
content of 4.6% and 6.6% respectively of biogenic 
material are subject to a lower mineral oil tax. 
Mineral oil solely from biogenic material and E85 
(fuel with 85% ethanol content) are exempt from 
this tax.

Tax incentives Austria

Greening of 
Transport Act 
(Ökologisierungsgesetz 
ÖkoG 2007)

Entire Austria
Since 2007, 
ongoing

This basic act introduces ecology concerns into 
the taxation of new cars. The buyer of a new car 
has to pay a duty on consumption (the NOVA 
Normverbrauchsabgabe). This duty is in accordance 
to the greenhouse gas emissions of new cars and 
meets the concerns of climate change. Generally, 
the act provides benefits to environmentally 
friendly engines.

Tax incentives Austria

Bioethanol blend 
regulation (Novelle 
Kraftstoffverordnung 
2009)

Entire Austria
Since 2009, 
ongoing

This order regulates the tax exemption for high 
blends of bioethanol (65-75% in winter; 75-85% 
in summer).

Tax incentives Belgium

Royal decree of 
10 March 2006 
regarding the use 
of rapeseed oil as 
biofuel

Entire Belgium 
(federal)

Since 2007

Biofuel from rapeseed oil produced by a natural 
or legal person who directly sells its production to 
the end consumer without intermediary can be 
exempted from excise duty. These limitations don’t 
apply for public transport using pure rapeseed oil.
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Tax incentives Croatia
Act on special tax for 
motor vehicles (OG 
15/13,108/13)

Entire Croatia

Special tax is paid for motor vehicles based on 
vehicle price (or motor volume) and on CO2 
emissions. If CO2 emission are below 85 g/km 
(diesel vehicles) or below 90 g/km (gasoline, 
natural gas, LPG), tax does not include the part 
related to CO2 emissions. Purely electrical vehicles 
are exempted from these rules (tax).

Tax incentives Greece
Law No. 2238/1994 
on the Income Tax

Entire Greece Since 1994

Provides for an income tax relief for natural and 
legal persons who have performed an energy 
upgrading of their building either on their own 
or as participants of National Programmes (such 
as Exoikonomo). The installation of RES may be 
deduced from taxable income (10% of the costs, 
up to a maximum of € 3,000). The programme 
primarily supports solar-thermal energy. However, 
all RES-H technologies are theoretically eligible.

Tax incentives Greece
Taxation of energy 
commodities

Entire Greece

Framework 
adopted 2005, 
major reforms 
since 2010.

Energy taxes are levied within the framework 
of the 2003 EU Energy Taxation Directive for 
restructuring the European Community framework 
on the taxation of energy products and electricity); 
the Directive has been transposed into Greek 
legislation with Law 3336/2005, in combination 
with the provisions of the National Customs 
Code (Law 2960/2001). Tax rates are generally 
significantly higher than the minimum levels 
prescribed in the Directive. Laws 3828/2010, 
3833/2010, 3845/2010, 3986/2011 and Law 
4092/2012 have introduced major reforms.

Tax incentives Netherlands
WBM - Act on the 
Environmental 
Protection Tax

Entire Netherlands
In force since 
1995

In the Netherlands, the consumption of electricity 
and natural gas is subject to the Act on the 
Environmental Protection Tax. A given consumer 
is exempt from this tax if the electricity consumed 
is electricity from renewable energy sources and 
was generated by the consumer himself (own 
consumption clause).

Tax incentives Netherlands

Act on the Income 
Tax (Wet IB) - 
Energy Investment 
Allowance (EIA)

Entire Netherlands
In force since 
2001

Act on the Income Tax: the act introduces a tax 
credit on investments in renewable energy, the EIA. 
This tax benefit enables entrepreneurs based in the 
Netherlands to write off investments in renewable 
energy plants against tax. The eligibility criteria are 
extensively described in the “Energy List”. The level 
of funding depends, among other things, on the 
source of energy and the type of plant used.

Tax incentives Netherlands

BPM - Act on 
taxation of 
passenger cars and 
motorcycles

Entire Netherlands
In force since 
1992

BPM is the (indirect) tax on cars and motorcycles. 
The BPM of cars depends on CO2 emissions 
(economy) of the car. For electric cars and very 
efficient cars no BPM tax is required. The BPM for 
a van is based on the net new value and the type 
of fuel. The BPM for an engine is based on the net 
new value.

Tax incentives Poland
Tax Act - Act of 6 
December 2008 on 
excise duty

Entire Poland

In force since 
2009, last 
amendment 
2013.

In Poland, a tax is levied on the sale of electricity to 
end-users and their consumption. Electricity from 
renewable sources is exempt from consumption 
tax.
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Tax incentives Slovakia

Act No. 609/2007 
Coll. on the excise 
tax on electricity, 
coal and natural gas 
and on changes and 
amendments to Act 
No. 98/2004 Coll. 
on the excise tax on 
mineral oil

Entire Slovakia Since 2007

In Slovakia, the consumption of electricity is 
subject to an excise tax. The use of renewable 
energy is encouraged by exempting it from this 
tax.

Tax incentives Slovakia

Act. No. 199/2004 
Law customs act and 
the amendment of 
certain laws, last 
amended Act. No. 
207/2014

Entire Slovakia Since 2004

Purposes of this act are customs legislation specific 
regulations, international treaties, laws and other 
generally binding legal regulations that govern 
the legal relations in connection with the import, 
export or transit of products, with exception of the 
laws governing value added tax and excise duties.

Tax incentives Spain
Law 38/1992 on 
excise duties

Entire Spain Since 1992

Law 38/1992 regulates exice duties. After the 
approval of Law 38/1992 and subsequent partial 
reforms, Spanish excise taxes were organised as 
follows: a) As a single stage tax on manufacturers 
in the following cases. - taxes on alcoholic 
beverages: tax on beer, tax on wine and fermented 
beverages, tax on intermediate products, tax on 
alcohol and derived drinks, tax on hydrocarbons. - 
tax on retail sale of certain hydrocarbons. - tax on 
manufactured tobacco. - tax on electricity. - tax on 
insurance premia. b) As a single stage tax at the 
retail stage in the case of the excise tax on certain 
means of transport.

Tax incentives United Kingdom
Finance Act 2000, 
2013 Amendment

Entire UK
In force since 
2000

The Climate Change Levy (CCL) is a climate 
protection tax in the Finance Act, which is levied on 
the consumption of electricity from non-renewable 
sources by commercial and industrial final 
consumers and the public sector. It provides fiscal 
benefits for the use of electricity from renewable 
sources. Electricity from renewable sources is 
exempt from this tax.

Market premiums Germany
Market Premium 
(EEG, § 33g)

Entire Germany

Instead of receiving the feed-in tariff for electricity 
from renewable sources, a plant operator may 
choose to sell his electricity directly, i.e. to a 
third party by a supply agreement or at the 
stock market, and claim the so-called market 
premium from the grid operator. The amount 
of the market premium shall be calculated each 
month. In general, plant operators are free to 
choose between the feed-in tariff and the market 
premium for direct selling. Biogas plants with an 
installed capacity of more than 750kW put into 
operation after 31 December 2013 will not be 
eligible for a feed-in tariff, but they are eligible for 
a market premium.
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Market premiums Netherlands
Renewable Energy 
Production Incentive 
Scheme (SDE+)

Entire Netherlands
In force since 
2007

The SDE+ scheme grants a premium to the 
producers of renewable energy to compensate 
for the difference between the wholesale price of 
electricity, heat or gas and the corresponding price 
of electricity, heat or green gas from renewable 
sources. In line with EU Renewable Energy 
Directive (2009/28/EC)

Public procurement Austria

Austrian Action 
Plan for Sustainable 
Public Procurement 
(Österreichischer 
Aktionsplan zur 
nachhaltigen 
öffentlichen 
Beschaffung 2010)

Entire Austria

Since 2010, 
ongoing; 
revision every 3 
years

The Action Plan for Sustainable Public Procurement 
was adopted by the Council of Ministers in July 
2010. It includes a definition for sustainable 
procurement, targets and measures, guidelines for 
procurement agents as well as ecological criteria 
for 16 purchasing groups.

Public procurement Croatia

Act on promotion 
of clean and energy 
efficient vehicles in 
road transport (OG 
127/10)

Entire Croatia

The Act prescribes measures for promotion of clean 
and energy efficient vehicles in road transport 
in order to promote the related market along 
with environment and climate protection and 
energy. All contracting authorities and transport 
operators which provide regular public transport 
service, within the definitions brought by the EU 
Regulation 1370/2007, when purchasing vehicles 
for road transport take into account energy effects 
and effects on the environment of the vehicle 
during the entire exploitation period.

Public procurement Croatia

Regulation on 
standards used in 
public procurement 
procedures for road 
vehicles (OG 11/14)

Entire Croatia

The Regulation prescribes standards which are 
mandatory for the contracting authorities while 
performing public procurement for purchase of 
road vehicles. The fulfilment of these standards is 
required when purchasing new vehicles for road 
transport, specifically passenger, light commercial 
and heavy duty vehicles and buses. The standards 
refer to energy consumption and emissions of 
carbon dioxide (CO2), nitrogen oxides (NOx), non-
methane hydro-carbons (NMHC) and particulate 
matter. Apart from that, the contracting authority 
can take into account other standards such as 
low noise, energy efficient equipment within the 
vehicle etc.

Public procurement Croatia
Act on public tender 
(OG 90/11, 83/13, 
143/13)

Entire Croatia

The Act regulates the public tender issues. 
According to the Act, public contracting authority 
can, in certain cases, define special conditions 
for contract execution related to environment 
protection issues. Also, environmental 
characteristics can be one of the criteria for the 
selection procedure.
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Public procurement European Union
Clean Vehicles 
Directive (2009/33/
EC)

EU-28 countries
In force since 
2009.

This Directive aims at a broad market introduction 
of environmentally-friendly vehicles. It requires 
that energy and environmental impacts linked 
to the operation of vehicles over their whole 
lifetime are taken into account in all purchases of 
road transport vehicles, as covered by the public 
procurement Directives and the public service 
Regulation. If the impacts are monetised for 
inclusion in the purchasing decision, common rules 
shall be followed for calculating the lifetime costs 
linked to the operation of vehicles. These rules are 
defined in the Directive.

Public procurement European Union
Green Public 
Procurement (GPP)

EU-28 countries
Communication 
published 2008

Green Public Procurement (GPP) is a process 
whereby public authorities seek to procure 
goods, services and works with a reduced 
environmental impact throughout their life cycle 
when compared to goods, services and works 
with the same primary function that would 
otherwise be procured. The basic concept of GPP 
relies on having clear, verifiable, justifiable and 
ambitious environmental criteria for products 
and services, based on a life-cycle approach and 
scientific evidence base. In the Communication 
“Public procurement for a better environment” 
(COM (2008) 400) the Commission recommended 
the creation of a process for setting common GPP 
criteria.

Duties European Union
Common Customs 
Tariff (CCT)

EU-28 countries

Adopted by 
the European 
institutions in 
1968

The ‘Common Customs Tariff’ (CCT) applies to the 
import of goods across the external borders of the 
EU. The tariff is common to all EU members, but 
the rates of duty differ from one kind of import to 
another depending on what they are and where 
they come from. The rates depend on the economic 
sensitivity of products. Through the tariff, the 
Community applies the principle that domestic 
producers should be able to compete fairly and 
equally on the internal market with manufacturers 
exporting from other countries.

Duties European Union
Trade Defence 
Measures

EU-28 countries
Regulation no. 
1225/2009 in 
force since 2009

Protection against subsidised imports and dumped 
imports from non-EU countries. Some examples of 
anti-dumping and anti-subsidy duties: biodiesel 
from USA (2009-2014); biodiesel from Argentina 
and Indonesia (2013-2018); bio-ethanol from USA 
(2013-2018); fatty alcohol and blends from India, 
Indonesia and Malaysia (2011-2016); okoumé 
plywood from China (2004-2018); ...

Best practice 
information

Austria
National eco-label 
(Österreichisches 
Umweltzeichen UZ)

Entire Austria
Since 1990, 
ongoing

The Austrian Ecolabel primarily addresses 
consumers but also manufacturers and public 
procurement. The ecolabel provides consumers 
with guidance in order to choose products or 
services with least hazardous impact on the 
environment or on health. It also draws the 
consumers’ attention to aspects of environment, 
health and quality.
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Best practice 
information

Austria

CEN/TR 15932:2010 
: Plastics - 
Recommendation 
for terminology and 
characterisation of 
biopolymers and 
bioplastics

Entire Austria
Since 2010, 
ongoing

This Technical Report gives recommendations for 
bioplastics and biopolymers related terminology. 
These recommendations are based on a discussion 
of commonly used terms in this field. This 
Technical Report also briefly describes the current 
test methods’ state of the art in relation to the 
characterization of bioplastics and products.

Voluntary standards Spain

Order ITC/1522/2007 
regulating the 
guarantee of 
origin system for 
electricity from 
renewable sources 
and high efficiency 
cogeneration

Entire Spain Since 2007

Ministerial Order ITC/1522/2007 establishes 
a mechanism to make account entries on the 
National Markets and Competition Commission 
web page (similar to a public register), where 
electricity producers which use renewable energy 
sources or high-efficiency cogeneration can 
voluntarily request registration of the guarantees 
of origin applicable to them. The NMCC verifies 
the information available in the permits, special 
rate system invoices and electrical computations 
beforehand in order to ensure that the descriptions 
are authentic. Producers can request that the 
guarantee certificates in their possession be 
transferred to power companies, so that the latter, 
once the guarantees are transferred to them, can 
settle them in the supply to their consumers, with 
a prior verification of the electrical consumption 
measurements. By means of the Guarantee of 
Origin and Labelling System for Electricity, it 
is possible to guarantee the origin of electrical 
energy produced from renewable energy sources 
or through high efficiency systems, determine 
the overall mix of primary energies that are used 
annually to produce electricity, and know the 
combination of energy traded during the previous 
year by each company, as well as its associated 
environmental impacts (electricity labelling).

Voluntary standards European Union CEN/TC 249 - Plastics EU-28 countries

Standardization of terminology, test methods 
and specifications in the field of plastics and 
plastics-based materials, semi-finished products 
and products (thermoplastics, thermosets, cellular 
plastics, degradable plastics, thermoplastics 
elastomers, composites and reinforcement 
products for plastics) as well as plastics recycling. 
In relation to bio-products: EN15534 (wood 
plastics); CEN/TS 16398:2012 (biopolymers); CEN/
TS 16295:2012 (biopolymers); CEN/TS 16137:2011 
(biopolymers).

Voluntary standards European Union EN590 -Diesel EU-28 countries

This European Standard specifies requirements 
and test methods for marketed and delivered 
automotive diesel fuel. It is applicable to 
automotive diesel fuel for use in diesel engine 
vehicles designed to run on automotive diesel fuel 
containing up to 7 %(V/V) Fatty Acid Methyl Ester. 
(CEN/TC 19).
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Voluntary standards European Union
EN228 - Unleaded 
petrol

EU-28 countries

This European Standard specifies requirements 
and test methods for marketed and delivered 
unleaded petrol. It is applicable to unleaded petrol 
for use in petrol engine vehicles designed to run on 
unleaded petrol. The standard specifies two types 
of unleaded petrol: one type with a maximum 
oxygen content of 3,7 % (m/m) and a maximum 
ethanol content of 10,0 % (V/V), and one type 
intended for older vehicles that are not warranted 
to use unleaded petrol with a high biofuel 
content, with a maximum oxygen content of 2,7 
% (m/m) and a maximum ethanol content of 5,0 
% (V/V). The two types are based on the European 
Renewable Energy Directive requirements [RED]. 
(CEN/TC 19).

Voluntary standards European Union

CEN/TC 408 - 
prEN16723 - Natural 
gas and biomethane 
for use in transport 
and biomethane 
for injection in the 
natural gas grid

EU-28 countries

Scope: Standardization of specifications for natural 
gas and biomethane as vehicle fuel (part 2) and 
of biomethane for injection in the natural gas grid 
(part 1), including any necessary related methods 
of analysis and testing. Production process, 
source and the origin of the source are excluded. 
(prEN16723-1 and prEN16723-2).

Recommended 
targets or plans

Poland
NREAP - National 
Renewable Energy 
Action Plan

Entire Poland
Published in 
2010.

This document defines Polish aims in the range 
of renewable energy share in sectors: transport, 
electricity as well as cooling and heating.

Recommended 
targets or plans

Poland
PEP - Polish Energy 
Policy until 2030

Entire Poland
Published in 
2009.

This document includes substantial Polish energy 
issues. Activities of strategy should solve problems 
such as growing energy consumption, transport 
infrastructure, environmental protection as well 
as Polish obligation to the EU. The policy assumes 
development of utilisation of RES including 
biomass and biofuels and the reduction of energy 
impact on environment.

Recommended 
targets or plans

Poland
EE - The Act of 15 
April 2011 on Energy 
Efficiency

Entire Poland
In force since 
2011.

This act contains methods of energy efficiency 
enhancement in Poland, including usage of 
biomass to produce energy.

Recommended 
targets or plans

European Union

Ecodesign 
regulations for solid 
fuel boilers and 
solid fuel local space 
heaters

EU-28 countries

Proposed ecodesign requirements for solid 
fuel boiler space heaters and solid fuel boiler 
combination heaters up to 1000 kW. Examples of 
solid fuel local space heaters are: fireplaces (open 
or closed), wood stoves, coal stoves, pellets stoves, 
solid fuel cookers. The regulation is still under 
preparation.
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Promotion Greece
Law No. 3734/2009 
Promotion of 
cogeneration

Entire Greece Since 2009

L. 3734/2009 constitutes the main legislative 
instrument for the transposition in the Greek 
legislation of Directive 2004/8/EC concerning the 
promotion of cogeneration and aims to provide 
a significant stimulus for CHP installations in 
Greece and to tackle barriers for this type of 
installations. More specifically, this law specifies 
in detail the licensing procedure of CHP plants, the 
related guarantees of origin, as well as a series of 
other issues that acted as barriers related to the 
promotion of RES in the Greek energy market.

Promotion Spain

Law 2/2007 for 
the promotion of 
renewable energies 
and energy saving 
and efficiency in 
Andalucía

Autonomous 
Region of 
Andalucía

Since 2007

The aim of Law 2/2007 is to encourage the use 
of renewable energies, promote energy saving 
and efficiency (from production to consumption), 
as well as to order the rational use of energy 
resources within the Autonomous Region of 
Andalucía. It establishes the principles and 
instruments for promoting renewable energies 
as well as the primacy of renewable energy and 
the criteria for determining the order of priority 
for the different energy sources. It also lists the 
different promotional measures according to the 
different types of renewable energy. It establishes 
the obligation of the Regional Government of 
Andalucía to incorporate renewable energy into its 
buildings and installations and it also introduces 
a series of measures with the aim of promoting 
energy saving and efficiency in general.

Promotion Spain

Law 1/2007 on 
the promotion of 
renewable energies 
and energy saving 
and efficiency in 
Castilla-La Mancha

Autonomous 
Region of Castilla-
La Mancha

Since 2007

Law 1/2007 establishes the legal framework 
intended to encourage the use of renewable 
energies, promote energy saving and efficiency 
(from production to consumption), as well as to 
order the rational use of energy resources in all 
sectors (industrial, residential, transport, etc.) 
within the Autonomous Region of Castilla-La 
Mancha.

Promotion Spain

Law 10/2006 on 
the promotion of 
renewable energies 
and energy saving 
and efficiency in 
Murcia

Autonomous 
Region of Murcia

Since 2006

The aim of Law 10/2006 is to promote the use 
and development of renewable energy and to 
establish a strategic plan regulating the efficient 
use of energy, the development and supremacy of 
renewable sources and the coordination of efforts 
with the private sector and at every level of the 
administration.
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Grants Spain GIT Programme Entire Spain Since 2011

Decision dated April 26, 2011, of the General 
Director of the Institute for Energy Diversification 
and Saving, sets forth the call and relevant bases to 
authorize collaborating Energy Service Companies 
within Programme GIT (Grandes Instalaciones 
Térmicas), on renewable energies such as biomass, 
solar and geothermal energies for thermal uses 
in building. The launching of this financing 
programme responds to the need to boost the 
implementation of large installations to produce 
thermal energy in building from the exploitation 
of renewable energies such as biomass, solar 
thermal and geothermal energy. This programme 
is addressed to all the projects which, given 
their size and complexity, were left out of the 
limits established in the calls of programmes 
like BIOMCASA. The maximum financing limit 
per project amounts to 80% of the value of the 
eligible investment (the one devoted to thermal 
generation), with a maximum absolute financing 
limit per individual project of EUR 3 million.

Grants Spain

Subsidies for 
renewable energies 
and energy saving in 
Andalucía

Autonomous 
Region of 
Andalucía

Since 2014

Order of December 18, 2014, modifying Order 
of February 4, 2009, laying down the regulatory 
bases for granting subsidies for projects promoting 
Sustainable Energy Development in Andalusia, and 
calling for subsidies for 2015. Subsidies for facilities 
intended for the use of biomass for production 
of electricity, heat and biofuels for transport. 
Subsidies for residues and waste collection and use 
for bioenergy production.

Mandatory regulation Finland

Governmental 
decree on expertise 
requirements 
and simplified 
energy certificates 
(170/2012)

Entire Finland

The Decree on Energy Certificates for Buildings 
(176/2013). The Act on Energy Certificates for 
Buildings was used to implement the sections 
of the Directive of the European Parliament and 
Council on the Energy Performance of Buildings 
(2010/31/EU) that apply to energy certificates. 
Building owners must obtain an energy certificate 
in conjunction with the building permit 
proceedings for new buildings. A certificate must 
also be obtained when a building or part thereof 
is sold or rented out. In the future, an energy 
certificate will also be required when selling or 
renting out an old small residential building, as is 
the case with other buildings. This requirement is 
subject to certain transition periods. The energy 
class must be reported in sales and rental listings 
as well. In some buildings, the certificate must be 
publicly displayed.
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Licences and permits Finland

The act on electricity 
and natural gas 
market control 
(590/2013) and 
Governmental 
Decree on electricity 
markets (65/2009)

Entire Finland

Electrical power network operations are a natural 
monopoly where the construction of competing 
electrical power networks is not feasible in regard 
to the national economy. In electricity market 
legislation, electrical power network operations 
have been regulated as operations subject to a 
permit from the Energy Authority. In addition to 
granting network permits, the task of the Energy 
Authority is to monitor compliance by system 
operators with the obligations specified for them. 
For the third regulatory period (1 January 2012.

Tradable allowances Finland

Act on emission 
trading (311/2011) 
and Decree on 
Emission trading 
(28/2013), Decree 
on certifiers 
during 2013-2020 
(667/2013), 
Decree on content 
of application 
(541/2012), Act 
of using Kioto 
mechanism 
(109/2010), Act on 
emission trading in 
aviation (34/20

Entire Finland

The Directive (2011/278/EC) was implemented 
in Finland through the Emissions Trading Act 
(683/2004, amended by 108/2007, 1468/2007 
and 16/2010). The Emissions Trading System is 
implemented by the Ministry of Employment 
and the Economy. The Government has made 
decisions with respect to the national allocation 
proposals for 2005-2007 and 2008-2012, which 
were delivered to the Commission, and after the 
Commission

Feed-in tariffs Cyprus

Grant Scheme for 
the promotion 
of electricity 
generation using 
wind, solar thermal, 
photovoltaic systems 
and the utilization of 
biomass

Entire Cyprus

The minimum selling price of electrical energy that 
will be produced by utilizing biomass-landfill and 
fed to the transmission / distribution grid is 117.9 
-97.4 Eur/MWh for the first 20 years. The grant, 
paid from the Special Fund for RES will result from 
the difference between the total selling price and 
the purchase price of electricity from renewable 
sources, by the electricity distributor as it is 
periodically determined by CERA. Note that if the 
purchase price kWh from the supplier surpass total 
selling price, then the supplier will pay the excess 
amount to the Special Fund for RES and RUE.

Mandatory regulation Denmark
Act on Electricity 
Supply

Entire Denmark

Managing and organizing  the national electricity 
market. This Act stipulates binding guidelines 
for the promotion of electricity from renewable 
sources.

Recommended 
targets or plans

Denmark
Climate and Energy 
plan Skive

Vestjylland

The Government’s long-term goals of the electricity 
and heat supply is based on 100% renewable 
energy in 2035. The proposed actions for Skive 
Municipality geographical area includes both 
activities promoted through government initiatives 
areas that the municipality can influence, and 
interventions that can be implemented in close 
cooperation with key energy stakeholders.
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Tax incentives Denmark

Act on the Carbon 
Dioxide Tax on 
Certain Energy 
Products

Entire Denmark

The act introduces a tax on certain energy products 
depending on their CO2 emissions. The Act on the 
Carbon Dioxide Tax on Certain Energy Products 
and the Act on the Energy Tax on Mineral Oil 
Products oblige companies producing, processing, 
possessing, receiving or dispatching energy 
products to pay a defined amount of tax. 

Feed-in tariffs France

Act on the 
Modernisation and 
Development of 
Public Electricity 
Supply - Feed-in 
tariff

Entire France

In France, electricity from renewable sources is 
promoted through a price regulation system based 
on a feed-in tariff. For biomass only plants whose 
installed capacity does not exceed 12 MW are 
eligible.

Market premiums France

Act on the 
Modernisation and 
Development of 
Public Electricity 
Supply - Tenders

Entire France

A promotional tariff may be awarded to the 
winners of tenders for the construction of 
renewable energy plants. The ministry responsible 
for energy invites tenders at irregular intervals 
to reach the target production of electricity from 
renewable sources, which is specified in the 
multi-annual investment plant (Programmation 
Pluriannuelle des Investissements PPI).

Tax incentives Hungary

Act No. CXXVII of 
2003 on the excise 
duty and the rules of 
excise goods sales

Entire Hungary

There is a reimbursement of excise duty in place 
for E85, bioethanol and biodiesel in case of engine 
development projects and vehicles used in the 
mining industry and water management. 

Feed-in tariffs Hungary

Act No. LXXXVI of 
2007 on Electric 
Energy - Feed-in 
tariff

Entire Hungary

One of the Act’s priorities is to promote the 
generation of electricity from renewable energy 
sources and waste. Electricity generated from 
renewable energy sources is promoted through 
feed-in tariffs if a guarantee of origin is provided. 
The eligibility period and the maximum amount 
of eligible electricity are set out in implementing 
decrees. 

Tradable allowances Hungary

Act No. XV of 2005 
on greenhouse gas 
emission allowance 
trading.

Entire Hungary

The purpose of this Act is to reduce the risk of 
climate change caused by human activities 
through the creation of the conditions permitting 
the participation of Hungary in the scheme of 
greenhouse gas emission allowance trading within 
the European Community and in international 
projects. The provisions of this Act must be applied 
to the activities emitting greenhouse gases listed 
in Annex 1. These activities must bear an emission 
authorization issued by the environmental 
authority. According to Community legislation, this 
Act comprises also rules regarding the obligations 
(reporting and monitoring of emissions) of 
aviation activities.
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Feed-in tariffs Ireland
Renewable Energy 
Feed-in Tariff - REFIT

Entire Ireland

In Ireland, electricity from renewable sources is 
promoted through a feed-in-tariff scheme. The 
entities entitled to the feed-in tariff are those 
suppliers that purchase electricity from renewable 
sources from generators with whom they have 
entered into a commercially negotiated REFIT 
Power Purchase Agreement (PPA). There are three 
REFIT schemes and they establish guaranteed 
support prices for various sources of energy, i.e. 
minimum prices for each category of electricity 
(5.1 REFIT 1, REFIT 2, and REFIT 3). The original 
scheme, known as REFIT 1, only had state-aid 
clearance to accept new applications until 
31/12/09. In 2012, two new schemes (REFIT 2 
and REFIT 3) received state aid clearance and were 
open for new applications. REFIT 2 covers onshore 
wind (small and large scale), hydro (small scale), 
and biomass landfill gas (4.1 REFIT 2) whereas 
REFIT 3 covers the biomass categories of anaerobic 
digestion, biomass CHP, biomass combustion and 
biomass co-firing (4.1 REFIT 3).

Market premiums Italy
Auction system for 
large RES-E plants

Entire Italy

The revised version of renewable electricity subsidy 
system in Italy came into effect in 2012 and aims 
to support large-scale RES-E plants (more than 5 
MW). A bidding system is put into practice for each 
RE source and each 6 months, and plants which all 
the construction and operations permissions can 
access to the bid; the plants offering the lowest 
price for electricity fed into the grid are subsidized, 
up to a given annual target.

Feed-in tariffs Italy Feed-in tariff order

The revised version of feed-in tariff system in 
Italy came into effect in 2012 and aims to support 
small-scale RES-E plants (less than 5 MW). The 
feed-in tariff is available for electricity fed into the 
grid and produced by bio-liquids, solid biomass 
and biogas, and excludes on site consumption. 
The tariff is differentiated according to plant size, 
typology of input fuel (agricultural and forestry 
by-products, dedicated crops, organic fraction 
of wastes), option of high quality cogeneration, 
use of district heating, air emission levels, 
sustainability of the biomass supply chain. The 
accreditation is based on a specific process, carried 
out by GSE, and up to a given annual target of 
cumulative installed power. Once a plant has been 
accredited, the electricity exported to the grid 
(excluded a percentage for plant self consumption) 
is bought by GSE at the rates fixed by the TO 2012.
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Feed-in tariffs Italy

incentives for 
bio-methane fed 
into the grid, for 
cogeneration or for 
transport

Entire Italy

The measure provides: (i) a specific feed-in tariff 
for bio-methane fed into the gas network (roughly 
equal to the average price of natural gas); (ii) a 
premium tariff for electricity produced by CHP 
plants using bio-methane that is produced in a 
production facility decoupled to the CHP plants 
and uses gas network, according to IT-BID-2012; 
(iii) a biofuel certificate when the bio-methane is 
used in transport (in this case a double-counting 
is applied for agricultural by-products and bio-
wastes on respect to energy crops, in agreement 
with the Biofuel Quota system).

Grants Italy
Renewable heat 
incentive

Entire Italy

Upfront costs grant for energy efficiency and 
renewable heating, including biomass (pellet 
boilers for residential sector, biomass boilers 
for greenhouses and wood chips boilers), with 
higher incentives in case of low air emission 
levels; incentive distributed over 5 years of plant 
operation.

Tradable allowances Italy
White certificate 
mechanism

Entire Italy

White certificates, also known as “energy efficiency 
certificates” certify the achievement of energy 
savings in end-use energy through actions and 
projects to increase energy efficiency. Distributors 
of electricity and natural gas annually have to 
reach certain quantities of primary energy savings, 
expressed in Tons of oil equivalent saved. The 
distribution companies can carry out its obligation 
realizing energy efficiency projects entitling white 
certificates or by purchasing the TEE by other 
parties in the market receiving energy efficiency 
certificates from GME. It includes the substitution 
of fossil fuels with biomass for heat and CHP.

Mandatory regulation Latvia

Regulations 
Regarding 
Requirements for 
Biofuel Quality, 
Conformity 
Assessment, 
Market Supervision 
and Procedures 
for Consumer 
Information

Entire Latvia

In accordance with Cabinet Regulation No. 772 
adopted 18 October 2005 “Regulations Regarding 
Requirements for Biofuel Quality, Conformity 
Assessment, Market Supervision and Procedures 
for Consumer Information” it is permitted to 
distribute the following biofuel to be used in 
internal combustion engines and such blends of 
biofuel with fossil fuel which comply with the 
requirements specified in these Regulations: B100, 
E5, E10, B5, B30, AE100, E85, biogas.
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Mandatory regulation Latvia
Electricity Market 
Law

Entire Latvia

Establishing a market for electricity. Provisions 
on the promotion of renewable energy plants 
and their connection to the grid. The law aims to: 
1) create conditions for the effective functioning 
of the electricity market; 2) to ensure that all 
electricity users (hereinafter - users), subject to 
legislative requirements, in the most efficient way 
possible at reasonable prices to be safe and high-
quality delivery of electricity; 3) to allow all users 
the right to freely choose their electricity trader; 
4) to promote the production of electricity from 
renewable energy sources; 5) promote national 
energy independence, providing a variety of 
electricity required for the production of energy 
suppliers.

Feed-in tariffs Latvia

Regulations 
Regarding the 
Production of 
Electricity Using 
Renewable 
Sources and the 
Procedures for the 
Determination of 
the Price

Entire Latvia

The Latvian government has set a certain 
percentage of final energy consumption that 
shall be from renewable sources. This percentage 
differs for every source of energy and was initially 
applicable until the end of 2010. The government 
has also set percentages for the following 10 years.

Mandatory regulation Latvia

Requirements 
for Conformity 
Assessment of Petrol 
and Diesel Fuel

Entire Latvia

In accordance with Cabinet Regulation No.332 of 
26 September 2000 - Requirements for Conformity 
Assessment of Petrol and Diesel Fuel, the petrol 
of the category 95 RON can be sold in Latvia if 
the bioethanol content is 4,5-5% by volume of 
the total volume of petrol, and diesel (with the 
exception of Class 0,1, 2,3 and 4 diesel for use in 
artic and severe winter conditions) can be sold if 
the biodiesel content (obtained from rapeseed 
oil) is 4,5-5% by volume of the total quantity of 
product.
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Feed-in tariffs Lithuania
Law of the Republic 
of Lithuania on 
Renewable Energy

Entire Lithuania

Renewable electricity generation is provided 
a feed-in tariff. All electricity produced by RES 
plants whose total installed capacity does not 
exceed 10 kW shall be purchased at the feed-in 
tariff set by the National Control Commission for 
Prices and Energy (NCC). Feed-in tariff contracts 
for the operators of RES plants with a total 
installed capacity exceeding 10 kW are awarded 
through tenders. Tariff rates for RES plants with a 
generating capacity of up to 10 kW and maximum 
tariff rates for RES plants exceeding 10 kW on a 
quarterly basis shall be set by the NCC. A maximum 
capacity of 105 MW for biofuel power plants will 
be supported until 2020 (Chapter III Art. 13 Par. 3 
Item 4). The tariff will be paid for 12 years. Under 
the Law installations generating energy from 
renewable energy sources are granted priority in 
terms of connecting to the national grid. The Law 
on Energy from Renewable Sources also stipulates 
that technicians shall be certified in accordance 
with certain requirements to be able to install 
e.g. biomass boilers and non-brick furnaces. 
Requirements are defined in the Procedure on 
Training and Certification of installers of renewable 
facilities (Order No. 1-172/2012). The training and 
certification process is administered by the Energy 
Agency (Order No. 1-172/2012).

Tax incentives Lithuania Law on Excise Tax Entire Lithuania

Electricity from renewable sources is exempt from 
excise tax (Chapter IV Art. 48 Par. 1 Item 2 Law on 
Excise Taxes). The tax on generated electricity is LTL 
3.5 per MWh (approx. EUR 1 per MWh). Generated 
electricity used for business purposes is subject 
to a tax of LTL 1.8 per MWh (approx. EUR 0.52 per 
MWh) (Chapter IV Art. 47 Par. 1, 2 Law on Excise 
Taxes). The relief is also applicable to bioethanol, 
biodiesel, bio-ETBE and vegetable oil (Chapter 
III Art. 40 Par. 1 Item 4 Law on Excise Taxes). The 
excise tax rate is reduced in proportion to the 
percentage of biomass per tonne of biofuel.
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Preferential market 
access

Lithuania
Law of the Republic 
of Lithuania on Heat 
Sector

Entire Lithuania

Utilities have a priority purchase obligation 
for renewable heat generated by independent 
producers. Heat suppliers are obliged to purchase 
all RES heat generated by independent heat 
producers that is cheaper than the heat produced 
by the heat supplier himself and which satisfies 
quality, supply security and environmental 
requirements. This obligation does not apply 
where the supply of renewable heat generated 
by independent heat producers exceeds network 
capacity (Chapter IV Art. 25 Law on Energy from 
Renewable Sources; Chapter II Art. 4; Chapter IV 
Art. 10 Par. 1 Law on Heat Sector). “Comparative 
heat production costs” for the heat supplier are 
calculated in accordance with the Heat Pricing 
Methodology (Resolution No.O3-96/2009) adopted 
by the NCC and depend on the capacity of the heat 
production facilities available to the heat supplier 
(Chapter III Item 10 Resolution No. O3-74/2013).

Tradable allowances Luxembourg

Act of 23 December 
2004 (1) establishing 
a trading scheme 
for greenhouse gas 
system; (2) creating 
a fund for the Kyoto 
mechanisms; (3) 
amending Article 
13 bis of the Law 
of 10 June 1999 
on classified 
establishments.

Entire Luxembourg

The Law on the trading of greenhouse gas 
emission quotas establishes a system for trading 
greenhouse gas emission quotas, to encourage a 
reduction in emissions.

Feed-in tariffs Luxembourg

Grand Ducal 
regulation of 1st 
August 2014 on 
the generation of 
electricity based on 
renewable energy 
sources

Entire Luxembourg

This regulation promotes the use of electricity 
produced from Renewable Energy sources in 
Luxembourg. The amount of feed-in tariff differs 
for the various technologies and depends on the 
size of the plant. The feed-in tariff is guaranteed 
for a period of 15 years. The tariff for new plants 
depends on the source of energy and the year 
of commissioning and decreases according to a 
percentage set by law (Art. 7-14 and 16-23, RGD 
du 1 ao

Grants Luxembourg

Grand-Ducal 
Regulation of 12 
December 2012 
establishing a 
support system for 
efficient energy 
use and renewable 
energy in the 
housing sector

Entire Luxembourg

The goal of the reglementations is to promote 
energy-saving measures and renewable energy 
in households. Investments in renewable 
electricity generation are subsidised by the state, 
which awards investment grants up to a certain 
maximum for investments made between 1st 
January 2013 and 31 December 2016. Wood-
burning boilers are eligible under certain technical 
conditions, including that the output of the boiler 
and of the pellet burning stove has to be at least 
90% (Art.10, Annex II RGD du 12 d
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Mandated quotas Portugal
Decree-law 23/2010 
of 25 March

Entire Portugal

Decree-law 23/2010 introduced the legal 
framework for cogeneration activities and a 
remunerative framework for operators. As such it 
implements the directive 2004/8/EC of February 
11 of the European parliament and council on 
the promotion of cogeneration which amended 
directive 92/42/EEC of May 21. It aims to increase 
energy efficiency and security of supply by 
creating a framework for the promotion and 
development of high efficiency cogeneration 
of heat and electricity based on useful heat 
demand and primary energy savings in the 
internal energy market. This law regulates the 
activity of cogeneration, establishing its legal 
status and remuneration. The tariff is based 
on two modalities, according to the choice of 
cogeneration, accessible to efficient cogeneration 
and high efficiency cogeneration. Incentives are 
provided based on three criteria: reduction of 
primary energy consumption and CO2 emissions 
compared with the separate production of electric 
and thermal energy; cogeneration production 
that is efficient and uses renewable resources; and 
promoting the participation of cogeneration in the 
electricity market. At least 50% of primary energy 
consumed must come from renewable resources.

Feed-in tariffs Portugal
Decree-Law No. 
189/1988 of 27 May 
- Feed-in tariff

Entire Portugal

In Portugal, the generation of electricity from 
renewable energy sources is mainly promoted 
through a feed-in tariff. Decree-Law No. 189/88 
regulates the generation of renewable electricity. 
DL 225/2007, DL 33A-2005 and DR 71/2007 
amended the provisions on the feed-in tariff 
for electricity from renewable sources. The 
guaranteed feed-in tariff is the only promotion 
mechanism. The amount of incentive is dependent 
on the energy source. Using a coefficient Z 
(DL 339-C/2001) the FiT is varied according to 
the technology used. Currently the regime is 
being discussed by the government. For biogas 
(fermentation of municipal solid waste, sewage 
sludge, agricultural and food waste and landfill 
gas) the support in provided for 15 years, for 
biomass (forest and animal biomass) the support 
is provided for 25 years. In case of micro- or 
miniproduction a separate degree is in force, 
respectively 363/2007 and 34/2011.

Tradable allowances Portugal

Decree-Law No. 
233/2004 ruling 
on greenhouse 
gas trading license 
system.

Entire Portugal

This Decree-Law, composed of 38 Articles and 
five Chapters, introduces into the national legal 
system the European Parliament and Council 
Directive No. 2003/87/CE ruling on greenhouse gas 
trading licenses within the European Community. 
In particular, the Decree-Law rules on competent 
bodies, trading licenses systems, national licenses 
plan, monitoring and information communication, 
controlling procedures, and penalties.
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Feed-in tariffs Portugal

Decree-Law No. 
363/2007 of 2 
November - legal 
framework for 
renewable electricity 
generated by 
microproduction 
units?

Entire Portugal

This decree-law establishes the legal 
framework for renewable energy generation by 
microproduction units. A microproduction unit 
is defined as an installation that uses a single 
production technology and a single-phase or 
three-phase load operating at low voltage and has 
a capacity of up to 5.75 kW (art. 3 DL 118-A/2010). 
It provides for a simplified licensing regime 
for local grid connected, low-voltage, small/
residential renewable energy producers. Licensing 
is conducted through the internet, via the System 
of Registration of Microproducers (SRM), an 
electronic platform through which producers 
register their installations. Micro producers cannot 
inject more than 50 % of the power mentioned 
in the purchasing contract, except in the case of 
installations for condominiums. The tariffs are 
limited to 15 years, the maximum production may 
not exceed 4 MWh/year and the annual maximum 
capacity eligible for the tariff is 11 MW in 2013 (art 
1 DL 118-A/2010). Currently the regime is being 
discussed by the government.

Feed-in tariffs Romania Feed-in tariff Entire Romania

Producers that own power plants with installed 
capacity up to 1 MW/plant or 2 MW/plant for 
high efficiency biomass cogeneration can sell 
the electricity with regulated prices (feed-in 
tariff), unique for each type of technology and 
not receive TGC. This tariffs arrangement is linked 
to Law 134/18.07.2012 for the approval of the 
OUG 88/12.10.2011 regarding the amending and 
completing the Law 220/2008 on establishing the 
promotion system of electricity production from 
RES.
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Preferential market 
access

Romania Priority grid access Entire Romania

Grid operators are obliged to connect renewable 
energy plants to their grids without discriminating 
against certain plant operators. They are also 
obliged to transmit electricity from renewable 
sources as a priority. In general, the grid operators 
are obliged to develop their grids on the request of 
a plant operator, if the connection of a plant to the 
grid requires the grid to be developed. Depending 
on which part of the grid is to be developed 
(extension to/from the connection point), the 
grid operator, the plant operator or both of them 
will have to bear the costs. This right shall not 
apply where the use of the grid poses a risk to the 
security of the national grid system and where 
a grid user does not comply with the applicable 
technical standards. Further, this right shall not 
apply where the grid operator does not have the 
necessary grid capacity available (art. 25 par. 2 
Electricity Law). The grid operator is obliged to 
submit to the grid users all relevant information 
on his operations related to the management of 
the grid without discriminating against any grid 
user. The grid operator is not obliged to provide 
confidential trade data or confidential information 
received (art. 45 par. 1 letter e Electricity Law). 
The grid operator may deny use of the grid 
only in exceptional cases and according to the 
technical and commercial regulations made by 
the regulatory authority or if the security of the 
national energy system is at risk (art. 14 par. 7 Law 
No. 220/2008 as referred to in art. 1 par. 9 Law No. 
134/2012). According to ANRE, the commercial 
code allows RES-E plants to be compensated like 
conventional plants for the amount of electricity 
not delivered to the grid, but not for the green 
certificates income loss due to curtailment. The 
tariffs for grid use are regulated by ANRE by 
Ordinance No. 98/2013. The tariffs vary according 
to the voltage level and the different DSOs (Annex 
nr. 1 and nr. 2 Ordinance No. 98/2013). According 
to the Romanian regulatory authority ISPE, the 
grid operators include the costs of transmitting 
electricity in their electricity prices.
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Tradable allowances Romania

Tradable green 
certificate with 
mandatory quota 
system

Entire Romania

Electricity from RES is incentivated by a tradable 
green certificate mechanism based on mandatory 
targets (fixed quota) and variable green certificate 
prices on the basis of market conditions. The 
annual mandatory quotas for electricity produced 
from renewable sources that benefit from the GCs 
support scheme for the period 2010-2020 are the 
following: 2010 - 8,3%; 2011 - 10%; 2012 - 12%; 
2013 - 14%; 2014 - 15%; 2015 - 16%; 2016 - 
17%; 2017 - 18%; 2018 - 19%; 2019-19,5%; 
2020 - 20%. Biomass, bioliquids and biogas must 
certify the origin of the biomass fuel in order to be 
eligible for TGC, by means of certificates issued by 
accredited institutions; duration of TGC of 15 years, 
price range of TGC: 27-55 EUR/MWh; penalty for 
not complying 110 Eur/MWh; The most important 
recent amendments (Emergency Government 
Ordinance 57) concern (i) the suspension of 
granting a certain number of green certificates 
until 2017, (ii) the possibility for the Romanian 
Government to change the support scheme at any 
point in the calendar year, and (iii) a maximum of 
electricity certified by the green certificate support 
scheme per annum.

Recommended 
targets or plans

Romania

Law No. 372/2005 
on the energy 
performance of 
buildings

Entire Romania
For new building projects with a surface of more 
than 1000 m
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Feed-in tariffs Slovenia

Decree on Support 
for Electricity 
Generated from 
Renewable Energy 
Sources

Entire Slovenia

A decree law passed in 2002 paved the way for 
establishing prices and premiums for purchasing 
electricity from qualified producers. Qualified 
producers are those that produce electricity from 
renewable energy sources, or in facilities with 
higher than average efficiency for combined 
heat and power. Under the scheme producers 
can choose to receive either fixed feed-in tariffs 
or premium feed-in tariffs from the network 
operators. A Purchase Agreement is concluded, 
valid for 10 years. According to the Law on Energy, 
the uniform annual prices and premiums are set at 
least once a year. Feed-in tariffs and premiums are 
differentiated in terms of both technology and size. 
In 2006, the size differentiation was removed for 
solar energy, and increased the tariff and premium 
for biomass. Producers can also choose to adhere 
to a double tariff system, whereby either the tariff 
or premium amount varies according to season 
and time of day. This system is advantageous to 
producers that can adapt their production. As of 
January 2012, new rates for the feed-in premium 
allocated to renewable power producers on top 
of the electricity price for technologies have been 
adjusted. Premiums for all technologies and for 
plants smaller than 5 MW were increased, except 
for biomass and CHP. Tariffs for solar PV projects 
greater than 5 MW were reduced and increased for 
biomass and CHP. Due to a change in legislation 
(Off. Gazette, 43/2011) biogas plants connected 
to the grid after 1. 7. 2012. that use 40% or more 
of primary agricultural produce (e.g. corn) are not 
entitled to receive support. If they use less than 
40% but more than 25%, then the variable part 
of the reference costs are set at 70 %.The variable 
part of feed in tariff in case of solid biomass shall 
be adjusted in line with changes to the prices of 
wood biomass (contained in the forecast published 
by the Energy Agency of the Republic of Slovenia).

Feed-in tariffs Slovenia Feed-in tariff Entire Slovenia

In Slovenia, electricity generated from renewable 
energy is supported mainly through a feed-in tariff 
and a premium tariff. Certain producers (“qualified 
producers”) of electricity from renewable sources 
may choose between a guaranteed feed-in tariff 
and a bonus (“premium”) on top of the free market 
price for electricity. Furthermore, in Slovenia 
public calls for subsidy applications are organised 
and loans are provided for projects in the field of 
renewable energy.
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