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a b s t r a c t

This paper, based on a participatory methodological framework involving expert stakeholders and re-
searchers from six European countries (Germany, Ireland, Poland, Spain, Sweden and UK), analyses the
priority issues for the development of short-rotation plantations (SRP), and proposes a series of policy
strategies to strengthen this development. The results indicate that there is a lack of awareness of the
multifaceted benefits of SRP at the level of farmers, policy makers and public authorities. More research
is required to put a value on the multifunctionality of SRP and justify its public support. Small-scale
projects using established technologies are also required with energy crops introduced in a phased
manner. The simultaneous dissemination of this knowledge upwards to policy makers and downwards to
producers and farmers is critical in the success of SRP. Also, greater financial support on both the supply
and demand side is highlighted as being necessary: on the supply side linking multifunctional benefits of
SRP and targeted payments, along with increased long-term contractual arrangements between farmers
and energy plant operators; demand side incentives should overcome any difference in price between
fossil fuels and energy crops. Groups to lobby for the uptake and support of SRP and bioenergy are also of
necessary.

1. Introduction

Renewable energy is at the core of EU's long-term energy

strategy because it helps to reduce greenhouse gas emissions, di-
minishes the need for energy imports making Europe more inde-
pendent, and provides EU countries and their regions with new
‘green’ jobs and high value-added exports [1]. The European
Directive 2009/28/EC on the promotion of the use of energy from
renewable energy sources (RES) [2], which is part of the Climate
and Energy Package, established a 20% target for the share of
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energy from renewable sources in gross final consumption of en-
ergy by 2020 for the EU. This Directive specifies national renewable
energy targets for each country, taking into account its starting
point and overall potential for renewables. In order to achieve this,
a possible strategy suggested by the Commission was to triple the
use of biomass energy comparedwith 1997 [3]. Biomass is expected
to contribute to about half of the EU Renewable Energy target in
2020 and bioenergy is expected to remain themain RES contributor
[4]. For this reason, biomass has become a flourishing sector that
requires innovative solutions to meet the EU and international
demand. It is necessary to ensure that the expected increases in
biomass use takes place within a sustainable framework and
biomass sustainability is thus a key issue [4,5].

Short-rotation plantations (SRP) are plantations of fast growing
trees that are harvested in periods from 2 to 20 years and managed
as coppice (short rotation coppice - SRC) or as single stemmed trees
(short rotation forestry - SRF) The woody biomass produced can be
used in applications such as large scale district heating (in com-
bined heat and power eCHPe plants), small-scale boilers (when
processed into more refined forms of wood fuel), and electric po-
wer generating stations (in dedicated bioenergy plants or in com-
bination with other fuels such as co-firing with coal). SRP are
considered a source of low-carbon fuel, as most greenhouse gas
(GHG) emissions released during combustion will be re-absorbed
by new growth, and can make a positive contribution to climate
change targets [6e13]. Energy generation from SRP is very ener-
getically efficient [7], with an output/input ratio greater than 18 in
poplar [14]. SRP can also bring awide range of other environmental
benefits related to biodiversity, soil eutrophication/acidification
and quality, reduced soil erosion, air and water quality, land
remediation, and flood defence, among others [8,15e19] as long as
they are not cultivated in areas of high nature-conservation value
[20]. SRP may contribute to locally sourced energy systems which
reduces dependency on fossil fuels and improves energy security
[16]. The land intensity use of SRP is greater than other renewable
energy sources, but it is a stock resource whereas wind and pho-
tovoltaics are intermittent [16]. Biomass generation from woody
energy crops takes on special importance in farmland with low-
productive capacity or deforested and unproductive forest areas
with consequent beneficial effects on the environment, and may
represent a new economic niche inmarginal rural areas [16,21e24].
Integration of biomass crops into agricultural landscapes could
stimulate the rural economy, thus counteracting negative impacts
of farm abandonment or supporting restoration of degraded land
[20].

Despite its potential benefits and demand for bioenergy ex-
pected to increase significantly, the development of the SRP sector
in the EU has been low and very uneven in the different European
countries. Sweden, the leading country, is considered as an
example of a relatively successful development and use of woody
plantations for bioenergy [25]. Production, pre-treatment and use
of SRP was fully developed in Sweden twenty years ago [26].
Subsidy and tax incentives for energy crop production, an increased
CO2 tax on fossil fuel, an already existing biofuel market in the
country and ready markets in district heating plants are among the
main drivers for plantation of willow during the period 1986e1996
[27e29]. The total acreage of willow reached a peak at about
18,000 ha but has decreased to about 10,000 ha and it is still
decreasing due to mismatch between the location of plantations
and the market, slow development of the harvest technology and,
lately, the competition from imports of cheap waste biomass. The
relatively low biomass yields of willow may also be a reason due to
a lack of management activities during the early stages of cultiva-
tion, the choice of inferior land for plantations, and the level of
personal involvement of farmers [30]. In other European countries

the share of SRP is lower due to diverse factors. For instance, in
Germany the total area of SRP has increased to about 6000 ha in the
last decade. In this case the crop of choice is poplar grown over
longer rotation cycles on marginal lands with sufficient water
supply [22]. In the UK, despite some progress beingmade in the late
1990's and early 2000s there has been little net growth in the area
planted in recent years [31]. In this country, obstacles hindering
progress have been identified, including the lack of long-term
supportive energy crops policy, the lack of competitiveness of
long-term perennial crop options compared to annual crops, and
large-scale support schemes tending to favour imported biomass
rather than supporting domestic supply [15]. In other countries of
the South and East of Europe, the development of the SRP sector is
evenmore nascent. In Spain, for instance, the area devoted to SRP is
restricted to experimental plots, which have demonstrated a high
potential for biomass production [32]. Critical factors conditioning
the spreading of the SRP sector in Spain include lack of information
on operating and selling costs and uncertainty of return on in-
vestment from long-term plantations; lack of tools to support the
production, processing, and use of biomass; and limited supply of
woody biomass from SRP and market availability [6,33,34]. Peren-
nial energy crop development is just starting in Poland, with SRP
and perennial grasses covering 8700 ha [35]. The main obstacles to
the development of SRP are the competitiveness of energy crops
compared to grain production [35] and the plentiful reserves of
fossil fuel energy sources, especially coal.

Public policies promoting and supporting the development of
the SRP bioenergy sector seem to have failed and a lack of coherent
policy design at EU level is patent. In this sense, public policies are
defined and implemented at national and regional level, but should
be further coordinated and planned at EU level. This is because
decisions taken by one country inevitably have an impact on other
EU countries [36]. The optimum energy mix, including the swift
development of renewables, needs a continental market at least;
fragmented markets not only undermine security of supply, they
also limit the benefits which energy market competition can bring
[36]. Lindegaard, Adams, Holley, Lamley, Henriksson, Larsson, von
Engelbrechten, Esteban Lopez and Pisarek [37] reviews the history
and state of SRP at EU level and highlights some policy recom-
mendations for the development of SRP. However, a more fine-
tuned bottom-up approach arising from a deeper analysis of the
particularities at country/region level is lacking.

The current research is carried out with such a bottom-up
perspective within the EU's Framework 7th programme Rokwood
project.1 This project attempted to increase the market penetration
of woodfuel produced from SRP. The project involved a large con-
sortium of partners from six European countries, representative of
the uneven development of SRP: Germany, Ireland, Poland, Spain,
Sweden and UK. Within each country, a case study region is ana-
lysed (Table 1). Each region is represented by a cluster of three
partners comprising the R&D&I triple-helix concept: business en-
tity, research entity and local/regional authority. Some of the re-
gions are well developed in terms of SRP planting and
infrastructure (e.g. Skåne in Sweden) whilst others are in their in-
fancy (e.g. Midlands & Western in Ireland).

In this context, the aim of this paper is to provide insights on
supportive policy measures to strengthen the development of the
SRP bioenergy sector in the EU by developing a series of strategies

1 Project “European Regions fostering Innovation for Sustainable Production and
Efficient Use of Woody Biomass (ROKWOOD)”. European Commission e Seventh
Framework Programme Coordination and Support Action. European Union FP7-
Regions-2012-2013-1 (Transnational Cooperation between Regional Research-
Driven Clusters), Grant Agreement No. 319,956. www.rokwood.eu.
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for policy makers, public authorities and governmental agencies,
anchored in an analysis at country/region level. These strategies are
intended to guide the development and execution of National and
Regional Action Plans and EU regulations for the SRP bioenergy
sector.

2. Material and methods

Four methodological phases were followed to (1) identify pri-
ority issues to be addressed and potential solutions for SRP devel-
opment, (2) select policy options, (3) define and (4) validate the
policy strategies for the development of the European SRP bio-
energy sector. The methodological framework followed, summa-
rising the analyses carried out and the data sources used in each
phase, is shown in Fig. 1.

2.1. Identifying priority issues and potential solutions

The aim of the first phase was to define priority issues to be
addressed and potential solutions for the development of the SRP
bioenergy sector based on robust evidence on opportunities for and
constraints against SRP in the six analysed EU countries. For this,
each cluster performed an in-depth PESTLE (Political, Economic,
Social, Technological, Legal and Environmental factors) analysis (see
e.g. Kolios and Read [38]) for their respective region. The objective
was to identify factors currently affecting the production and use of
SRP, and thosewhich are likely to affect it in the future. The partners
were encouraged to consult with expert stakeholders outside the
cluster group, and in most cases a structured workshop was ar-
ranged to ensure that a wide range of views was captured. As an
example, the results of the PESTLE analysis for the case of Andalusia,
Spain are summarised by Sayadi, Parra-L�opez, Dur�an-Zuazo and
Magnolfi [33] and Parra-L�opez, Sayadi and Dur�an Zuazo [6].

Subsequently, the PESTLE outputs were condensed into a more
manageable form by the completion of a SWOT (Strengths, Weak-
nesses, Opportunities, Threats) analysis (see e.g. Srdjevic, Bajcetic
and Srdjevic [39]). Each cluster populated a SWOTchart made up of
four quadrants to identify internal strengths and weaknesses
within the SRP bioenergy sector alongside external opportunities
and threats. The SWOT analysis was heavily used both to identify
important issues to be addressed and to find potential solutions,
with most of the solutions being derived from weaknesses and
threats. Solutions were sought by looking for relationships: for
example, a strength that could overcome a threat or an opportunity

that could negate a weakness. Although there may not always be
direct relationships between internal strengths/weaknesses and
external opportunities/threats, some may become apparent when
comparisons aremade. An example from the UK cluster is shown in
Fig. 2.

2.2. Selecting policy options

There was a range of issues identified, most of which could be
addressed by solutions that range in terms of impact and effec-
tiveness (and they also differ in the level of policy making to which
they are targeted). The potential solutions that are most likely to
address the critical issues and be encouraged and adopted by their
translation into policy relevant to each region (andmost likely each
country) were taken forward as policy options.

In determining the policy options some external factors were
also considered, including: 1) What policies are already in devel-
opment thatmight impact the SRP bioenergy sector?; 2) If we are to
successfully steer the policy framework are there any deadlines
that need to bemet?; 3) Are there any key consultations that should
be responded to?; 4) What is the potential for support for SRP
under the next round of the Rural Development Programme?; and
5) Are there any prospects of other public funding for SRP?

Depending on the ‘level’ and specific detail of policy options
being proposed, the options were tested against SMART charac-
teristics i.e. where possible, each should be specific, measurable,
attainable, relevant and time-bound. In the event of there being
several policy options that addressed the same issue, an attempt
was made to combine possible solutions into one coherent set of
policy options.

2.3. Defining policy strategies

Once the policy options were narrowed down and decided
upon, each regional cluster chose a number of them to elaborate on
more fully in the final policy strategies. Policy strategies must
provide detail and justification, and indicate to whom the policy is
targeted (e.g. local, regional, national policy makers) and which
government body would be responsible for its implementation.
Each of these strategies explicitly answered the following ques-
tions: 1)What is the issue?; 2) How could this be tackled?; 3)What
are the benefits?; and 4) Who should take this forward? To support
and illustrate the proposed policy strategies, best practice case
studies identified previously in the project were used [40].

Table 1
Characterisation of the cluster regions of the six countries.

Northern (Germany) Midlands &
Western
(Ireland)

Mazovia (Poland) Andalusia
(Spain)

Skåne (Sweden) South West (UK)

Population (millions) 19.5 1.1 5.3 8.4 1.3 5.3
Area (m ha) 13.77 3.25 3.56 8.76 1.09 2.38
Area of SRP today (ha) 3600 117 1100 150e170 2042 93
Forest cover (ha) 2.37 0.34 0.85 2.54 0.39 0.25
% of land cover that is forest 17.2 10.5 23.8 29.0 35.7 10.5
Installed capacity of biomass

(MWth)
approx. 500 94 2480 1555 1840 280.3

Number of biomass heating &
CHP installations

7500 951 32,262 23,431 heating
and 18 power
plants

33,140 heating and 33
district heating and CHP
plants

3414

Area of agricultural land (ha) 6.91 2.05 2.31 3.85 0.51 1.91
% of land cover that is

agricultural
50.2 63.1 65.0 43.9 46.3 80.4

Predominant agricultural land
use

Cereal farming and
cultivated pasture

Pasture/
grassland for
livestock

Fruits, vegetables,
potatoes, cereals,
canola, berries

Olive plantations Livestock farming and
arable crops cultivation

Livestock
farmingparticularly
dairy cows and sheep



2.4. Validating results

In order to ensure that the final policy strategies were suitably-
targeted and that they thoroughly addressed the key issues iden-
tified, each of the clusters distributed draft copies of their strategies
by email to relevant stakeholders for comment and validation.
These stakeholders included policy-makers at local, regional and
national levels, academics specialising in related subjects (primar-
ily agricultural, economic development or energy-based), and
bioenergy consultants. Where it was considered appropriate, these
initial mail-outs were quickly followed up with a further email or
phone call with the aim of garnering letters of support from across
the sector. Each cluster recorded a list of all individuals or organi-
sations involved in the consultation process.

3. Priority issues

3.1. Germany (northern)

3.1.1. Highlight the positive ecological effects of SRP
Within the framework of Germany's energy policy, which fo-

cuses on the integration of renewable energy resources, SRP can
make a very positive impact on the climate. Since SRP is carbon
neutral, national energy targets can be achieved and the path to
energy security facilitated. The energy efficiency ratio of input and
output for SRP can be regarded as favourable. Since SRP requires
few machinery movements during the cultivation period, it en-
courages living organisms in the ground. Birds too settle in SRP
thanks to favourable living conditions. The fauna found in SRP is
highly diversified in contrast to arable fields. Willow and poplar
provides a habitat for many small animals.

In addition, SRP can contribute to a constant groundwater level.
Crops such as poplar or willow are deep-rooted in contrast to
regular field crops, which is why they can serve as water

repositories for relatively dry soils. This also contributes to a loos-
ening of the upper soil. SRP enhances water quality by absorbing
nutrients such as nitrates. The roots contribute to improving the
structure of the upper soil and therefore reduce the risk of ground
erosion. These ecological benefits from SRP as well as its energetic
efficiency make it more attractive than maize cultivation. In areas
with a high density of grassland, the planting of SRP is not
permitted for reasons of nature conservation and greening. This
hinders the implementation of SRP.

3.1.2. Inclusion of farmers and local authorities
At earlier stages of biomass production from SRP, the status of

the land used remained unclear. Whether farmland with SRP
remained farmland or became woodland after a certain period of
cultivationwas uncertain. The EU created a regulation to clarify the
status of SRP on farmland [41], which enables farmers to obtain
subsidies for SRP. The EU regulation states that land onwhich SRP is
planted is not categorized as woodland but as field crop. However,
German farmers are still very sceptical towards SRP and need
support and information.

They often struggle when it comes to very long cultivation pe-
riods which they cannot complete as tenancy contracts of at least
20 years are not awarded. Furthermore, farmers often regard the
switch from common field crops to SRP as too complex. This is due
to completely different cultivationmethods in the areas of growing,
harvesting and tilling. SRP can, however, be used for different types
of land and natural conditions, such as wet or dry ground and areas
which typically are uneconomic to cultivate with food crops. It is of
utmost importance that a plant variety suitable for SRP is selected.
The first SRP farmers have sometimes planted untested or poorly
adapted varieties on their fields. This has led to bad harvest results.

Besides farmers, various district councils and municipalities in
Germany own fallow land. Such local authorities often lack the
knowledge and funds to implement any activity on unused land.
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SRP can play a role here in bringing these sites back into use.

3.1.3. Enable regional value creation and create value-added chains
Some regions in Germany lack favourable economic structures,

e.g. in the northern part of Saxony-Anhalt. There is a high level of
unemployment, low population density, and the age demographic
shows that the average age of the local population is rising as a
result of increased life expectancy and migration of young people.
This is why such areas are suffering severe economic problems.
Energy-driven economic sectors such as bioenergy can create
critical value for these regions. Since it is already a strong market in
the region of Altmark, in the north of Saxony-Anhalt, biomass from
SRP could play an important part in the region's energy mix.
Furthermore, sufficient farmland and other redundant land is
available which can be used for SRP production. The production of
SRP wood in such regions can create welcome value chains. Pro-
ducers, processing industries, distributors and customers could be
located in one region and generate overall value for the German
economy.

3.2. Ireland (midlands & western)

3.2.1. Development of a policy development group
Compared to other existing conventional players in the energy

market (oil, gas, electricity and wind), the lobby groups for bio-
energy and SRP in particular is small in scale. The other players in
the energy market are commercial entities with access to funding
and fund raising capacity to support their industry. This has also
been identified by the Irish Bioenergy Association (IrBEA), a self-
governing association of voluntary members which aims to pro-
mote the bioenergy industry and to develop this sector on Ireland.
In 2014 IrBEA established an Energy Crops group to engage with
policy makers and influencers [42]. The aim of this group is ‘to
promote, support and develop the energy crops industry across the
island of Ireland, representing both the growers and businesses
involved’. The group has participants from state organisations
(Teagasc, Western Development Commission), growers, processors
and end users (Bord na Mona and Biotricity).

Additionally, there is also a personnel deficit in government and
state agencies, with a loss of bioenergy expertise in policy making.
Policy makers are more familiar with wind generation for elec-
tricity, and forget the need for heat energy to meet RES (renewable
energy sources) targets. There is a need for the development of a
group to lobby for the benefits of SRP inmeeting these targets, as an
alternative to traditional forestry.

3.2.2. Education and information for the sector
In Ireland there is a dominance of traditional forms of agricul-

ture, which is dominated by livestock and cereal farming and the
main competition for land use comes from dairy, beef or arable on
good quality land. On poor quality land, energy crops are unable to
complete with forestry due to the superior financial support in that
sector. Another issue is the conservative nature of the farming
sector in which there is the perception that SRP is not true farming,
but carried out by inactive farmers who aren't interested in the
traditional crops or methods.

Therefore, the bioenergy sector and SRP are seen as complex.
This stems from a lack of understanding and education of the
farming sector. In the past, bad experiences and news stories,
particularly the failures relating to the miscanthus crop, and poor
yields on somewillow crops, have damaged the entire SRP industry.
With this, there is a need to educate farmers about the bioenergy
industry and to help demystify the myths around SRP. Additionally,
it is difficult for energy crops to compete financially with estab-
lished farming practices.

3.2.3. Re-classification of energy crops and address the disparity
with forestry supports

The main support for the establishment of SRP in Ireland is the
Bioenergy Scheme (2007 e present), administered by the Depart-
ment of Agriculture, Food and the Marine [43]. In this, farmers
could apply for establishment grants of up to V1300 per hectare to
cover 50% of the costs of establishing SRP willow or miscanthus.
This level of support is not considered adequate compared to the
establishment costs and the high cost of planting material. Under
this scheme (2007e2014), 2467 ha of miscanthus and 1046 ha of
willowwas planted. One of the conditions of this schemewas that a
minimum of 3 ha and a maximum of 30 ha could be planted.

In comparison to this, a number of schemes support the estab-
lishment of forestry. The Afforestation Grant and Premium Scheme,
the Forest Environment Protection Scheme (FEPS) and the Native
Woodland (Establishment) Scheme are available from the Forest
Service of the Department of Agriculture, Food and the Marine. The
grants available in these schemes generally cover all of the costs
associated with the establishment and early management of a
forest. The rate of afforestation grant and annual forest premium
available under these schemes depends on the quality of the land
and the type of tree species it can grow. Annual forest premiums are
available to compensate farmers and non-farmers for the loss in

Sol n
Promote multifunctionality of SRPs in addition to its
primary use as a woodfuel. This may encourage
additional financial incentives to be sanctioned

Sol n
Source funding to examine combustion characteristics of

high yielding genotypes

Fig. 2. Examples of using SWOT outputs for developing potential solutions in UK.



income earning potential from the afforestation of their land. New
entrants (2013) are entitled to forestry premiums ranging from
V126/ha to V515/ha dependent on tree species, soil type and
farmer status. This premium is payable for a period of up to 20 years
in the case of farmers or 15 years for non-farmers.

When comparing the initial establishment support for forestry
and SRP in Ireland, it is clear that investing and developing forestry
is a financially more attractive option for farmers. This disparity
continues for the lifetime of the crop and also affects how the crop
is dealt with under taxation law (income tax, Capital Gains Tax).

3.2.4. Development of a renewable heat initiative to achieve RES-H
targets

In Ireland, there is a need to identify the likely economic impact
of the missing of the 12% RES-H targets for 2016 and develop
counter measures to aid the closing of the gaps and develop sup-
port mechanisms that will allow for the targets to be achieved by
utilising minimal support mechanisms. It has been estimated that
the financial implications of missing the target would be between
V100 m and V150 m per year [44].

It is also difficult for renewable heat companies to compete with
existing fossil fuel heat generation, and to seek financing for their
technologies. The addition of an incentive would make this in-
dustrymore attractive on a financial level, andwould be a benefit to
companies when organising finance for their operations.

3.3. Poland (mazovia)

3.3.1. General lobbying activities, especially in the political and
business sectors

At the present time, in Polish legislation at national and regional
level there is little mention of biomass usage for energy and heat
production. The entire energy production process in Poland centres
on coal as an energy source. Therefore, when considering any kind
of legislation regarding energy and heat production, it is hard to
compete with a large, already existing sector with a proper, highly
developed infrastructure and trade net which starts with coal
mining and ends with coal-burning stoves located in almost every
household in the country. This structure has its lobbying power,
which is deeply ingrained in policy makers' awareness and there-
fore influences all laws enacted up to the highest political level.

The lack of proper legislative mechanisms has its consequences
in the financial aspect of this issue. Currently, it is much cheaper to
produce any kind of energy from coal than from biomass. Even
when using the highest quality coal, 8500 kWh of energy can be
obtained from a tonne of material costing no more than 900 zlotys
(202 V). To produce the same amount of energy fromwood pellets,
1.6 tonnes of material at a cost of 1520 zlotys (342 V) would be
necessary. The economic advantage of using coal is therefore
obvious.

3.3.2. Support for biomass providers and development of a proper
market

Consumers of biomass for heating purposes in Poland can be
divided currently into individual and public consumers. Individual
consumers are owners of households which use stoves adapted to
burn biomass such as oats or all kinds of woody fuel (briquettes,
pellets and chips). This is a very small group, mainly farmers who
obtain their fuel from their own crops or their own forests. Public
consumers are mainly public heating facilities which are monop-
olies in biomass consumption in the market. They use some
woodchips from willow for heating purposes but there are only a
few growers due to technological obstacles and poor financial
support.

3.3.3. Knowledge dissemination and technical and technological
development

For any involvement in a new activity, a certain knowledge base
is required. The same applies to suitable tools and machinery, since
not all tasks can be performed by hand alone. Special machinery is
required to produce woody biomass. Unfortunately, the availability
of biomass production and processing devices or machines is rather
poor in Poland.

There is neither direct access to this kind of machinery nor are
there dealers selling the machines. It would be a considerable risk
for these dealers to enlarge their range of biomass-processing
machinery due to the low number of orders in Poland. Some
years ago, there was a short boom for woodchip and pellet pro-
duction and use for heat generation. During this boom, a number of
companies were founded which built machinery for the production
and use of woody biomass, mainly by private customers. However,
this increase was short lived and slowed down significantly after a
while. Those few farmers who are engaged in biomass production
in Poland, and in the region of Mazovia, use machinery intended for
lumber facilities (mobile wood shredders for branches), farming
(corn choppers) or equipment they have built themselves and
based on their own ideas. These are often characterized by poor
quality and/or poor efficiency.

3.4. Spain (Andalusia)

3.4.1. Promote resources to share information on SRP among all
stakeholders

In Spain, two of the main problems hindering market develop-
ment are the abundance of other sources of waste biomass and the
lack of information about SRP. With no information on this market
available, it is difficult for policy makers, farmers and enterprises to
establish the right parameters and undertake the right action to
foster market implementation. To date, the main developments in
the field of SRP in Spain have been related to electricity power
plants due to subsidies, with limited information for the general
public. As a result, there are only a few specialized market players.
However, the Spanish regulation ‘Real Decreto-Ley 1/2012’ dero-
gated subsidies to electricity power plants [45] due to electricity
supply surplus [46]. The Spanish business model must therefore
change totally in order to adapt to this situation. This needs to
shape the views of and/or inform policy makers, research in-
stitutions, farmers, industry and citizens about the possibilities of
SRP and its advantages, of which only a few players in the country
are currently aware.

3.4.2. Promotion of biomass and focus on its local production
Biomass used properly can bring many recognized benefits and

policies which already promote the sector should be maintained
and/or strengthened. Nevertheless, bad practices related to the
biomass market are unfortunately well-known, such as deforesta-
tion, food competition, indirect land use change, etc. As a conse-
quence, and due to the specific situation in Spain, i.e. the fact that
the electricity grid will not accept any more input in the next few
years, there is a need to adapt policies for the promotion of biomass
to the new situation, with a focus on heat demand and biofuels
produced as locally as possible.

All policies have the dual objectives of using waste biomass to
solve waste problems at the same time as producing energy. This is
a sensible approach. However, if the aim is to find alternatives to
fossil fuels and become less dependent, far more biomass will be
needed from within Europe and not large volumes imported from
outside. SRP could help facilitate the local supply of biomass into
the energy system and enable less dependence on imports, but
work in this direction needs to commence immediately.



3.4.3. Develop specific legislation adapted to SRP characteristics
In the CAP, the ‘greening focus’ of legislation states that each

farmer with over 15 ha of land must use 5% of his arable land for
ecological purposes [47]. This is encouraging for the SRP market,
but the Member States are obliged to transpose EU parameters into
their individual national parameters. It is therefore essential that
the specific parameters in Spain be assessed in order to let the
market grow. Such parameters include cultivation methods, spe-
cies, fertilization, multi-functionality of SRP, etc.

There are other issues in national legislation which must be
solved, such as consideration of agricultural land or forest land
depending on the species planted. This means that land classifi-
cation can change if trees are planted on farming land in order to
produce energy in short rotation periods. Clear legislation must be
developed here.

3.4.4. Promote policies and resources to develop better R&D
Water is limited in southern Spain and SRP needs water. If this

aspect is not addressed, the market will not increase further in this
country. There is therefore a need for policies/support schemes/
technologies to develop species adapted to the Spanish climatic
conditions, that use water more efficiently, utilize wastewater or
use water on specific land areas where its effects are beneficial to
the soil.

Moreover, competition in terms of costs is also related to lo-
gistics, energetic yields, downscaling systems, biofuel trans-
formation and improvement of the production process in general.
Improvements are therefore not only needed in the area of irriga-
tion but in all these areas too in order to make SRP competitive.

3.5. Sweden (Skåne)

3.5.1. Willow as part of the greening in the CAP
Stronger support for SRP through the CAP is required in order to

bring the SRP sector forward and help Sweden and the EU reach
their renewable energy targets. As mentioned previously, the CAP
2014e2020 demands that all farms with more than 15 ha of land
must declare 5% of the total area as Ecological Focus Areas (EFAs) in
order to obtain full financial support from the EU [47]. These EFAs
must be close to nature, being extensively cultivated or not culti-
vated at all. SRP is one of the potential crops which could be grown
in the EFAs. However, there are restrictions which prevent the
economic operation of SRP on EFAs such as the restrictions on
chemical inputs in the establishment year of the crop. In addition,
the weighting factor, which is used to calculate the total EFA on the
basis of the ecological value of the crop, is the lowest of all crops
(0.3) [48], and means that a much greater area of land needs to be
committed compared to other options.

3.5.2. Willow as a multifunctional crop
The multi-functional benefits of willow and other SRP are not

recognized and therefore not remunerated. Many of these multi-
functional benefits and impacts on the ecosystem are not well
known and there are only a few examples in practice. As a result,
many of these potential applications are missed by policy makers
and organisations responsible for implementing support schemes.
Growing willow for multi-functional purposes will provide society
with a large number of socio-economic and environmental benefits
whilst ensuring maximum land use and resource efficiency. The
benefits of such willow applications include: tackling climate
change and promoting local energy security; increasing farm
biodiversity; improvements in water quality; a possible flood
defence method; carbon sequestration; rebuilding bee and other
pollinator populations; rehabilitation of contaminated land; and
rapid-growing shelterbelts and windbreaks. Many of these benefits

are hard to quantify and to date there has been little research car-
ried out on the potential economic value to society of SRP multi-
functionality (see the Introduction section for references).

3.6. UK (South West)

3.6.1. Evidence base review of SRP costs and benefits
SRP is more than an energy crop; it is a multi-functional crop

with a range of environmental benefits, as already stated. It has a
unique set of attributes based on its ability to be easily propagated,
its fast growth and low level of inputs. SRP has the potential to: (1)
help boost the economy through job creation, local retention of
revenue and diversification of income for farmers and landowners;
(2) help solve socio-economic issues such as reducing fuel poverty
through low-cost local woodfuel supply; (3) achieve local and na-
tional energy and environmental goals such as increasing security
of supply and reducing carbon emissions; and (4) provide a whole
host of practical applications and ecosystem services such as flood
defence, water quality improvement and increases in populations
of beneficial insects.

Other crop options can deliver some of these benefits, but only
SRP willow can provide a full package and provide these benefits
rapidly. Although there is already a significant body of evidence to
support these claims, as previously mentioned in section1, it needs
to be consolidated and further research deed to be undertaken to
value the benefits as a whole. Unfortunately, the breadth of po-
tential across different areas means that use of SRP straddles
Government departmental remits and typically falls between two
stools, with the result that incentives for SRP production are not
being implemented and opportunities not realised.

3.6.2. Enabling SRP infrastructure to supply local heat markets
Inmany UK regions local infrastructure does not exist to harvest,

store and process biomass produced from energy crop plantations.
Locally-available infrastructure such as harvesting machinery and
woodfuel depots for processing and storage is essential to provide
woodfuel at an acceptable standard for the smaller-scale local heat
market; that is, correctly sized woodchip with a lower moisture
content (which infers a higher market value). With the right
infrastructure it is possible to process SRP into high quality, boiler-
ready wood chip to supply local markets. However, small producers
currently lack these facilities as bespoke SRP machinery and
infrastructure is expensive and it is difficult to justify private in-
vestment when markets are not yet fully developed.

3.6.3. Lowering investment risk for SRP growers
Despite having numerous environmental and socio-economic

benefits, planting SRP is currently unappealing to the majority of
farmers. It is traditionally viewed as a high risk, long-term
commitment with high capital costs, poor cash flow and marginal
returns. Under existing economic conditions, most farmers don't
recoup the investment incurred during the establishment of the
crop until seven years after planting and don't make any profit until
they have sold their crop in year 10. In the past many companies
offering SRP purchase contracts have failed or pulled back from the
venture before the crop is harvested leaving growers without
markets.

Previous initiatives such as DEFRA's Energy Crops Scheme have
provided 50% establishment grants but no support thereafter [49].
There were no funds for market development and very little for
infrastructure. As a result, many farmers are currently without
contracts or markets for their crop and some are hundreds of miles
from the nearest harvesting machine. Some growers have been
forced into removing their crop at great expense. Hence, the current
situation is one of too much risk and too little reward for growers.



This must change if we are to encourage growers to plant signifi-
cant areas of energy crops.

3.6.4. Matching supply and demand to help achieve economies of
scale

At present, there are only a few small-scale growers of SRP
located in the South West (SW) of England. These growers are
relatively isolated and the infrastructure is not yet sufficient to
support the development of the supply chain to a point where
economies of scale can be achieved. This means that investment in
SRP is not an economically attractive proposition for farmers, and
results in a chicken and egg situation whereby there is insufficient
supply to create a viable market for the product, and without a
viable market there will be little incentive for farmers to upscale
production.

Few secure long-term markets currently exist within SW En-
gland. Several multi-megawatt projects proposed for the SW failed
due to lack of finance and failure to achieve planning permission
[15]. This sends out the wrong message to farmers and discourages
them from investing in SRP.

4. Policy strategies and discussion

In the previous section the priority issues for each of the six
countries/regions were outlined. Due to space limitations, it is not
possible to detail the policy strategies at country/region level to
address these priority issues. In any case, they are summarised in
Table 2. Instead, in this section a discussion and qualified inter-
pretation of the policy strategies, highlighting the thorniest and
most frequent issues, are provided.

In most of the EU countries, the cultivation of woody energy
crops has proceeded at a low rate. Despite over 30 years of research
and development and 25 years of policy support there are still only
around 50,000 ha of SRP planted in the EU27 [31]. This slow
development may be partially explained by time lags in adoption
arising from a spatial diffusion process [50] and by lack of coherent
policy support both at EU level and country/regions level [51].
Environmental standards and legislative provisions in the majority
of countries are still lagging behind the rapid development of en-
ergy crops [20]. In particular the SRP bioenergy sector, as a small
and incipient industry, tends to be the recipient of poorly con-
structed policy mechanisms [15].

The results obtained in this research indicate that long-term
policy strategies, defined and implemented at national and
regional level but coordinated at EU level, and backed up by the
right economic incentives, must be undertaken if a wider devel-
opment of the European SRP energy sector is the objective, which is
in line with previous literature [15,20,31,35,52,53]. In this context,
the recent result of the UK referendum on the EUmembership may
deeply affect the policy framework for this country and the Brexit
implementation may question many of the policy insights obtained
in this work for UK. In any case, at current usage levels, SRP biomass
could be considered as an untapped resource, although there is a
worldwide interest to extend its sustainable production signifi-
cantly [54]. Increased planting of SRP would entail potential
multifunctional benefits from an economic, environmental and
social point of view, especially in marginal and less favoured areas
taking apart areas of high nature-conservation value (see Intro-
duction for references), which can justify the public support to this
emerging sector. However, it has been detected that more inte-
grated environmental and economic research is necessary to
formulate standards that help support long-term economic and
environmental sustainability of biomass production and avoid
costly mistakes [20,55]. It has also been detected, in line with
previous literature, that farmers and the SRP sector in general need

trusted information to make decisions, which predominantly come
down to financial considerations at an individual level [6,33].
Hence, the cost of plant propagules is one factor that constrains
widespread planting; new techniques are required that simulta-
neously reduce unit costs of propagules and increase the speed of
their availability [16,20,56]. Other important R&D needs identified
include yield improvement, in agreement with Searle and Malins
[57], and SRP species adapted to the region specific conditions, e.g.
species that use water more efficiently in southern Europe where
bioenergy crop production is especially vulnerable to climate
change [58]. Also, research is needed to develop internationally
accepted criteria to ensure the sustainable production of biomass
and international coordination between initiatives to improve
coherence and efficiency in the development of sustainable
biomass certification systems [59]. Our results highlight particular
R&D needs at country level: in UK, Irish and Spanish weaknesses in
the lack of harvesting infrastructure and supply chain logistics were
stated, whilst in Sweden, Poland and Germany a lack of profitable
specialized machinery for SRP and lack of technological develop-
ment to address this were identified. Also, improved clarity in
policy would support the expansion of SRP. Hence, some ambiguity
was noted in two areas of policy in particular: in Ireland related to
the definition of biomass in applications for funding, and in Spain
and Germany to land use categorisation.

The knowledge about SRPmust not only be generated from R&D
but also transferred to educate relevant groups about the benefits
of SRP (including multifunctional benefits), particularly farmers,
policy makers, public authorities and government agencies. First,
this knowledge transfer should focus on a change in the mentality
and attitudes of farmers with regards to the risk-taking associated
to this innovative cultivation to help dispel the myths around it. For
instance, previous studies cited a range of 'moral' (e.g. should not be
using land for energy crops when there is a shortage of food), land
quality, knowledge, profit and current farming practice comments
as reasons for not growing SRP [60,61]. Farmers and the SRP sector
in general need trusted information to make decisions, which
predominantly come down to financial considerations at an indi-
vidual level [61]. The role of public research organisations, uni-
versities and technological centres as catalysts for participation of
the sector's agents in R&D programs and training should be rein-
forced, with the particular aim of achieving public targets on the
environment and on sustainable production. The need for research
funding and closer working between R&D organisations, univer-
sities and industry is also vital. Enhanced information exchange
through extension agents, providing market security and consid-
ering land reversion grants post-production are potential policy
considerations [60]. Small-scale projects using established tech-
nologies are also requiredwith energy crops introduced in a phased
manner [15]. Second, knowledge transfer should serve to increase
awareness of policy makers, public authorities and government
agencies about the long-term positive impact of SRP in societal
welfare as a whole and inform the development of public regula-
tions for the sector, such as, justifying and defining specific funds
and fully acknowledging SRP as a greening measure in the CAP. Our
research points out that support for the sector must join up policy
between different government departments, in agreement with
previous studies [15]. In this respect, a lack of lobby groups sup-
porting SRP was identified, which is a particular issue due to the
way that the topic falls between ‘two stools’ in terms of government
responsibility. The lack of any lobbying power has meant that the
sector has been in the past the recipient of numerous policy mea-
sures that have failed [31].

In all the analysed countries/regions a greater financial support
is highlighted as being necessary in order to grow the SRP market,
and there was general agreement that some of this additional



Table 2
Summary of policy strategies for the priority issues at country/region level.

Country
(region)

Germany (Northern) Ireland (Midlands & Western) Poland (Mazovia)

Issue Highlight the
positive ecological
effects of SRP

Inclusion of farmers
and local
authorities

Enable regional
value creation and
create value-added
chains

Development of a
policy development
group

Education and
information for the
sector

Re-classification of
energy crops and
address the
disparity with
forestry supports

Development of a
Renewable Heat
Initiative to achieve
RES-H targets

General lobbying
activities, especially
in the political and
business sectors

Support for
biomass
providers and
development of
a proper
market

Knowledge
dissemination
and technical
and
technological
development

Policy
strategies

� R&D on positive
ecological effects
of SRP for
relatively bad
soils and areas
difficult to
cultivate (water
purification,
groundwater
stabilization and
ground erosion)
against the
background of
intensive land
use and climatic
change

� Increasing the
greening factor
of SRP in view of
their high
environmental
value and use as
an energy
resource

� Cultivation of
SRP on fields on
which maize is
currently grown,
since its
energetic use is
higher and it is
ecologically
friendly

� Creating separate
funding schemes
in order to make
clear the
difference
between
traditional field
crops and SRP

� Increasing the
greening factor
of SRP which
may serve as an
indirect
investment and
incentive for
farmers

� Improving
logistics and
information for
farmers from the
government

� Enforcing the
‘EEG-Umlage’,
taking regional
advantages and
the good
ecobalance of
SRP into account

� Supporting
networks of SRP
actors for
regional value
creation. They
have the
potential to
connect actors
from all regions
in Germany,
connect
producers,
suppliers and
consumers of SRP
wood, and foster
the improvement
of relevant
technologies

� Creation of an
interdepartmental
body on energy
policy to counteract
other lobby groups
and fulfil the deficit
in policy
development for SRP
in Ireland

� Developing
information
factsheets,
workshops and
seminars to
tackle the
education deficit
and the myths
associated with
SRP, and to
develop a greater
understanding of
the sector and
advise those
involved in the
supply chain of
the overall
benefits of SRP
crops

� Examining the
definition of
energy crops, and
look at other
crops to be
included in the
existing
bioenergy
scheme, not just
willow and
miscanthus

� Redefining the
grant supports
for forestry and
SRP to allow
energy crops to
compete
financially for
land use

� Providing
support
mechanisms
such as a
Renewable Heat
Initiative to
enable closing
the gap between
the current
position and the
12% RES-H
targets for 2016

� Lobbying to
create efficient
financial and
legislative
mechanisms and
schemes since in
the country
biomass overall
is marginalized
not only in
legislation but
also in business.
Currently, it is
much cheaper to
produce energy
from coal than
from biomass. In
terms of
renewable
energy sources,
only wind and
geothermal
energy are
considered

� Taking advantage
of the
Development
Strategy 2014
e2020 where
specific
production
methods are not
stated and there
is an opportunity
to make biomass
a strong element
of energy
production

� Creating a
sound
legislative
and financial
basis to allow
the
development
of a properly
developed
biomass
market and
encourage
further
players and
institutions
to become
part of the
new energy
production
process

� Developing
promotional
and training
activities on
SRP,
especially
about
production
methods and
technologies,
special
machinery
and biomass
value chains



Country
(region)

Spain (Andalusia) Sweden (Skåne) UK (South West)

Issue Promote
resources to
share
information on
SRP among all
stakeholders

Promotion of
biomass and focus
on its local
production

Develop specific
legislation adapted
to SRP
characteristics

Promote policies
and resources to
develop better R&D

Willow as part of
the greening in the
CAP

Willow as a
multifunctional
crop

Evidence base
review of SRP costs
and benefits

Enabling SRP
infrastructure to
supply local heat
markets

Lowering
investment risk for
SRP growers

Matching supply
and demand to help
achieve economies
of scale

Policy
strategies

� Promoting
courses,
networking,
awareness
campaigns,
technical
visits, and
R&D for all
players to
know more
about SRP, its
possibilities
and the way
it can be
developed
for utilization
in heating
systems and
later on as
possible
biofuels

� Maintaining and
augmenting the
promotion of
biomass focusing
on its sustainable
production
which does not
compete with
food crops nor
endanger large
forests and on
producing as
locally as feasible
with the least
impacts possible

� Improvement of
two tools
already available:
Certified fuel
quality and
downscaling
systems

� Providing clearer
information on
SRP schemes and
how to promote
SRP in CAP and
national/regional
legislation. E.g.
clearer criteria
regarding the
transformation of
agricultural land
into forest land

� R&D in the field
of SRP. Issues:
machinery,
marginal lands,
conversion of
wooden biomass
to biofuels,
downscaling
systems,
fertilizers and
weed control,
and wastewater
use

� Fully
acknowledgment
of willow as
greening crop in
the framework of
the reform of the
CAP, removing
discrimination
against in
comparison to
other crops

� Funding more
research on the
multifunctional
benefits of
willow which
should be
remunerated
such as
enhancing
biodiversity,
improving soil
and water
quality, flood
defence and
other effects

� Supporting an
evidence base
review and cost/
benefit analysis
of the
multifunctional
benefits of SRP.
This would seek
to achieve
recognition and
acceptance of
research outputs
that demonstrate
the
multifunctional
environmental
and socio-
economic
benefits provided
by SRP

� Making available
dedicated
funding on a
regional basis for
harvesting
machinery, local
processing/
storage depots
and associated
infrastructure.
Potential sources
of funding and
support include
grants from the
RDPE and the
ESIF

� Stimulating LAGs
to secure
funding via
LEADER-based
delivery of Rural
Development
Programme
grants, and LEPs
to channel RDPE
funding to this
effect. LEPs can
also to direct a
proportion of
their ESIF
funding into
LEADER projects

� Encouraging
producer groups
and co-
operatives, to
compliment
funding and help
to identify local
woodfuel heating
markets,
particularly in
off-gas areas
where the
multifunctional
benefits to the
local community
of growing
energy crops can
be maximised

� Introducing a
package of
measures
designed to
lower the
investment risk
to SRP growers
and strengthen
the business case.
This could
include crop
establishment
grants and some
level of
guarantee

� Offering interest-
free loans or
subsidy
payments for
planting SRP
where it can
make a
significant
difference to
flood defence/
water quality.
Creation of a
carbon initiative
for carbon offset

� Rolling out a local
support scheme
by LEPs and local
authorities
making use of
local knowledge,
in the absence of
a nationally-run
scheme

� Identifying and
supporting a
scheme
comprising one
or more pilot
projects which
links SRP
growers to end-
users to
demonstrate
economies of
scale, help match
SRP supply with
demand and to
kick-start local
production. This
could involve the
development of
one or more
larger scale or
several clusters
of smaller scale
biomass energy
installations

� Promoting the
role of LEPs and/
or local
authorities to co-
ordinate this
initiative by
commissioning
feasibility studies
to identify
suitable locations
for pilot schemes,
and by
facilitating key
activities such as
the formation of
an SRP co-
operative or
producer group
and engaging
biomass energy
plant developers
and end-users of
heat



funding should come from regional and/or national governments.
Farmers are unlikely to convert land until the present value of the
investment returns exceeds the investment costs considerably [62].
Therefore, public incentives and a stable market are essential to
compete with traditional crops and be commercially viable [52],
since SRP plantations are in general less profitable when compared
with agricultural crops [63e65]. Incentives may be provided on the
supply side (e.g. establishment grants) and on the demand side (e.g.
renewable obligation certificates (ROCs) and renewable heat in-
centives (RHIs) [66]. In biofuels in general it has been indicated that
policy must emphasize the changes needed and tie incentives to
improved greenhouse gas reduction and environmental perfor-
mance [67]. Therefore, linking multifunctional benefits of SRP and
targeted payments could be an option to explore further. The
introduction of targeted subsidies as an incentive for growers may
help to develop local supply chains and improve management of
cash flows during establishment [15,20,66]. Previous studies also
indicate that policies which encourage farmers to de-invest in own
farmmachinery, or incentivise the purchase of specific energy crop
machinery, may play an important role [68]. Also, it has been
pointed out that the strategy of on-farm diversification toward
woody crops under long-term contractual arrangements between
farmers and energy plant operators could be relevant for farmers to
mitigate the risks associated to cash crop prices fluctuations
[53,61,69]. Another solution to reduce the farmers' exposure to the
economic risks associated with the long-term land commitment
required for perennial crops could be indexing the biomass prices
annually to cereal market prices, which could be included in long-
term contracts for biomass trading between farmers and energy
producers [35]. On the other hand, demand side incentives need to
overcome the higher capital cost associated with biomass conver-
sion equipment compared with equipment used for fossil fuels;
but, in particular, they must overcome any difference in price be-
tween fossil fuels and energy crops [66]. According to the Swedish
experience, the development of an infrastructure and a market for
willow chips are essential pre-conditions for the development of
SRP for bioenergy, being probably the most important factor in the
location of willow plantations the existence of consumers that can
guarantee a long-term demand [25,70].

5. Conclusions

Biomass is increasingly being seen as an important energy
source for Europe. SRP offer multifunctionality in addition to their
high woody biomass productivity. Additionally, biomass generation
from woody energy crops reduces dependency on fossil fuels and
improves energy security, and may represent a new market niche
and generate green employments especially in low-productive
capacity agricultural areas or deforested and unproductive forest
areas. These promising attributes are not being fully exploited,
however, as there are a variety of obstacles and barriers hindering
or even preventing the further development of the SRP bioenergy
sector. These obstacles and barriers comprise, amongst others,
missing or unfavourable legal framework conditions, missing
financial support as well as various technical and non-technical
barriers.

The issues that must be tackled in order to ensure the creation of
a successful path to market for SRP are numerous and complex, but
not insurmountable. Some issues are unique to one country/region
due to variations in market advancement, existing national/local
policies and the local characteristics of the area. However, there are
also common obstacles at EU level and policy strategies to the
wider uptake of SRP across each of the different European coun-
tries. In general, there is a lack of awareness of the multifaceted
benefits of SRP at the level of both farmers and policy makers and

thus a co-ordinated top-down and bottom-up approach is needed
in order to promote the widespread uptake of SRP. There is also a
lack of knowledge of SRP as both a feasible crop choice for farmers
and as an energy source for heat producers. This is due both to a
lack of dissemination of knowledge and the absence of recognition
of SRP in public policies. SRP is unlikely to be looked on favourably
by farmers and producers unless it is afforded the same benefits,
subsidies and support that other crops and fuel sources receive
from governments. Change in policy is crucial and the support of
bureaucrats at the local, regional and national level is vital for this
to be effected. R&D must also play a part in ensuring there is clear
and concrete evidence in the field of the environmental and socio-
economic benefits of SRP. The simultaneous dissemination of this
knowledge upwards to policy makers and downwards to producers
and farmers is critical in the success of SRP. The formation and
development of groups to lobby for the uptake and support of SRP
and bioenergy is also likely to be of great importance. Finally, it is
necessary to highlight that the effective implementation of the UK
Brexit may deeply affect the policy framework for the development
of SRP in this country and further research should be undertaken.
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