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Abstract

The European Commission expects the use of biomass for energy in the EU to increase
significantly between 2010 and 2020 to meet a legally binding target to cover at least 20% of
EU’s total energy use from renewable sources in 2020. According to estimates made by the
member states of the EU, the direct supply of biomass from forests is expected to increase by
45% on a volume basis between 2006 and 2020 in response to increasing demand (Beurskens
et al. 2011; Dees et al., 2011). Our aims were to test the hypotheses that European private
forest owners’ attitudes towards supplying woody biomass for energy 1/ can be explained by
their responses to changes in prices and markets and 2/ are positive so that the forest biomass
share of the EU 2020 renewable energy target can be met. Based on survey data collected in
2010 from 800 private forest owners in Sweden, Germany and Portugal our results show that
the respondents’ attitudes towards supplying woody biomass for energy cannot be explained
as direct responses to changes in prices and markets. Our results, furthermore, imply that
European private forest owners cannot be expected to supply the requested amounts of woody
biomass for energy to meet the forest biomass share of the EU 2020 renewable energy target,
at least if stemwood is to play the important role as studies by Verkerk et al. (2011), UNECE
and FAO (2011) and Elbersen et al. (2012) suggest.

Keywords: Land-use change, forest management, bioenergy, biomass, stemwood, private

forest owner.

1. Introduction
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The European Commission expects the use of biomass for energy in the EU to increase
significantly between 2010 and 2020 to meet a legally binding target to cover at least 20% of
EU’s total energy use from renewable sources in 2020 [1]. According to National Renewable
Energy Action Plans (NREAP) reporting estimates made by the member states of the EU,
today woody biomass is the most important source of renewable biomass [2-4]. Its use is
expected to increase by 45% by volume between 2006 and 2020, corresponding to 8% of the
expected total increase in renewable energy use in the EU [3,4]. In the NREAPS this direct
supply of woody biomass from forestry for energy use is estimated in total from fellings,
residues from fellings and landscape management and only few countries have reported the

amount of feedstock in further detail [2].

Several studies have, however, estimated the future potential woody biomass supply from
European forests also for different compartments. The most comprehensive study was carried
out in the EUwood project [5,6] and the results have been used in follow-up work in the
context of the European Forest Sector Outlook study EFSOS 11 [7]. The same results have

also been used in the Biomass Future project [8].

According to EFSOS 11 [7], an ambitious bioenergy policy could mobilize 55% more energy
wood by 2020, whereby the total wood use for energy would increase from 435 to 673 Mm®
per year. The additional extraction of 238 Mm?® woody biomass per year for energy could only
be achieved by mobilizing a number of different biomass compartments. Besides a large
contribution from harvest residues and stumps, also the extraction of stemwood would
increase by 50.8 Mm? from 2010 to 2020. This is a substantial amount, considering that the

2010 level of roundwood removals from EU 27 forests was 418.7 Mm?® [9]. However, as also
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the reference scenario of EFSOS 11 projected increased stemwood removals, the net effect of
the 2020 20% renewable energy target was an additional 18.3 Mm®year™ of stemwood
removals for energy generation by 2020. Another modeling study with slightly different
scenario assumptions estimated 40.8 Mm®year™ additional stemwood removals for energy
generation as a net effect of the 2020 renewable energy policy targets [10]. The larger share in
the latter study was caused by considerable replacement of wood for material use, which was
diverted to energy use (whereas in the EFSOS Il scenario wood supply for material use

increased as well).

In the study by Verkerk et al. [6] and in the subsequent work [7, 10] prices for wood, forest
products, and energy are assumed to show steady long term growth and thereby act as a basic
incentive for forest owners to increase the supply by intensifying forest management and
expanding the land used for forestry. Because rotation periods of European forests are
typically several decades long [11] contributing more stemwood for energy implies that the
management objective of some forest stands that today are managed for stemwood for timber,
pulp and material use would have to be changed to woody biomass (in any form) for energy
before the end of the rotation period. Lacking empirical evidence of the motivations and
attitudes of European forest owners to increase the supply of woody biomass for energy,
Verkerk et al. [6] and UNECE and FAO [7] assumed that the availability of wood from
privately owned holdings was lower on the very smallest private holdings and increasing
rapidly when the holding size increased. The assumption is based on a positive correlation
between management intensity of U.S. private forest owners and size of their holdings. This is
explained to result from better financial situations of owners of large holdings [12]. The effect

is implemented by multiplying the maximum harvest level with a factor derived from the size
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91  of the holding. The future change in forest area is expected to follow the observed trend of
92 increasing forest area for the period 1990-2005 for all countries of the EU, except Finland
93  where the trend is in the opposite direction [13].

94

95  Fifty percent of the forest land in Europe is privately owned [7,14,15]. Hence, private forest
96 owners” use of the land and the way they manage their forests will strongly influence the

97  future supply of woody biomass for energy in Europe. The aims of the present study were to
98 test the hypotheses that European private forest owners’ attitudes towards supplying woody

99  biomass for energy

100 1/ can be explained by their responses to changes in prices and markets

101 2/ are positive so that the forest biomass share of EU 2020 renewable energy target can be

102 met.

103  Empirical consequences of the hypotheses are that forest owners are willing to change their
104  current forest management objective and their land-use to supply more woody biomass for
105  energy if it can be made at profit, and that they have positive attitudes towards meeting the
106  expected supply of woody biomass for energy. The study was based on survey data collected

107  in 2010 from 800 private forest owners in Sweden, Germany and Portugal.

108

109 2. Materials and methods

110 A questionnaire study was designed to assess land owner motivations and attitudes towards
111 supplying more biomass for energy across the EU. The questionnaire was distributed among

112 1588 private forest owners owning forest in Sweden (Kronoberg County), Germany (Black
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Forest) and Portugal (Chamusca County). The countries were chosen to cover land owners
operating in a wide range of bio-climatic conditions as well as economic—social—political
structures. The questions asked about their personal beliefs in a persistent and strong demand
for woody biomass for energy, their attitudes towards changing their forest management
objective from stemwood to woody biomass for energy use at profit and to convert land used
for grazing, agriculture and other purposes into forest land to supply woody biomass for
energy as well as to convert forest into land for energy crop production (Table 1). The
questionnaire was formulated in English and translated to the native language of the
respondents in each respective country. The Swedish forest owners were randomly sampled
from contact persons with forest holdings larger than 5 ha listed in the Swedish Real Property
Register (Swedish Act 2000:224). In Germany and Portugal the questionnaire was sent to all
members of the forest owner organizations Forstkammer Baden-Wdrttemberg and ACHAR -
Associacdo dos agricultores de Charneca (in Chamusca), respectively. The questionnaires
were distributed by mail during spring, 2010. A total of 871 forest owners returned the
questionnaire (54.8 %) of which 800 responded to all the questions used is this study. Details
of the data collection procedure and quality control are described in [16]. The factor used by
Verkerk et al. [6] and UNECE and FAO [7] to account for lower supply of woody biomass
from privately owned forests was used on the holdings owned by the respondents to the
questionnaire (Tables 2 and 3) and was calculated as 50% in forest holdings <1 ha, increasing
to 85% in forest holdings >5 ha and to 96% in forest holdings >80 ha [6]. The significance of
differences in mean ranks of response options describing the strength of beliefs (e.g. [17]) and
attitudes between groups of respondents were tested at 0=0.05 using the non-parametric

Wilcoxon rank sum test with continuity correction. Tests involving responses to the question
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3 (Table 1) were made excluding “Indifferent and Do not know” responses. All analyses were

conducted using the R Project for Statistical Computing package v3.0.2 [18].

Tables 1-3

3. Results

Altogether, 93.5% (s.e. £0.9%) of the respondents owning 92% of the forest area (Table 2)
reported weak or strong belief (response options “Yes, probably” and “Yes, definitely”,
respectively, to question 1 in Table 1) that the strong demand for woody biomass for energy
will persist over the coming ten years (Figure 1). The belief in a persistent and strong demand
for woody biomass was significantly stronger among respondents in Germany than among
respondents in Sweden (W = 54685.5, p-value = 1.68e-4) and Portugal (W = 4899, p-value <
2.2e-16), and significantly stronger in Sweden than in Portugal (W = 15473, p-value = 8.51e-

13) (Table 4).

Figure 1

Table 4

Nevertheless, only 10% (s.e. +1%) of the respondents owning 12% of the forest area (Table 2)
reported a weakly positive or strongly positive attitude (response options “Likely that | would
convert to production of woody biomass for energy generation” and “Most likely that I would
convert to production of woody biomass for energy generation”, respectively, to question 2 in

Table 1) to convert to producing woody biomass for energy use in forest stands currently
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managed for stemwood production, even if it would lead to higher financial return (Figure 2).
The attitude was most positive among respondents in Portugal (43%, s.e. £6%), intermediate
among respondents in Sweden (8%, s.e. £2%), and the least positive among respondents in
Germany (6%, s.e. £1%). The attitudes towards changing the forest management objective
from stemwood to woody biomass was significantly more positive among respondents in
Portugal than among respondents in Sweden (W = 15473, p-value = 8.51e-13) and Germany
(W =4899, p-value < 2.2e-16) and significantly more positive in Sweden than in Germany
(W =15810.5, p-value = 2.29e-12). Taken together, 63% (s.e. 2%) of the respondents owning
55% of the forest land reported a strongly negative attitude towards changing the forest
management objective from stemwood to biomass for energy in stands currently managed for
stemwood (response option “Most likely that | would continue manage the forest stands for

stemwood production” to question 2 in Table 1) (Figure 2).

Figure 2

The respondents” attitudes towards changing land use differed between land-use classes
(Figure 3) (Table 5). Altogether 51% (s.e. £2%) of the respondents owning 66% of the total
pasture land (Table 2) reported a weakly positive or strongly positive attitude towards
converting to produce woody biomass on all or part of this land (response options “Yes,
probably” and “Yes, definitely”, respectively, to question 3 in Table 1) (Figure 3). The
attitudes towards changing land-use from pasture to forest was significantly more positive
among respondents in Germany than in Sweden (W = 36328.5, p-value = 6.28e-3). The
fraction of respondents reporting a weakly positive or strongly positive attitude towards

converting agriculture land to forest land was only 27% (s.e. £2%) owning 43% of the
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agricultural land (Figure 3) (Table 2). Among respondents owning land used for other
purposes than forest, grazing or agriculture, 57% (s.e. £2%) owning 71% of the land reported
a weakly positive or strongly positive attitude towards converting to producing forest biomass
for energy use on this land (Figure 3), while only 25% (s.e. £2%) of respondents owning 31%
of the forest area reported a weakly positive or strongly positive attitude towards converting
to producing energy crop on forest land (Figure 3). Conversion of forest to production of
energy crop was significantly more positive among respondents in Portugal than among
respondents in Sweden (W = 10101, p-value = 3.77e-06) and Germany (W = 5037, p-value =
6.50e-08), and more positive among respondents in Sweden than in Germany (W=44430, p-

value = 2.62e-3).

Figure 3

Table 5

4. Discussion

The results show that even if the individual forest owner can change the management
objective from stemwood to woody biomass for energy at a profit, only very few held a
positive attitude towards making the change (Figures 1-2). Hence, European private forest
owners’ attitudes towards supplying woody biomass for energy cannot be explained as direct
responses to changes in prices and markets (Figures 2 and 3). Furthermore, if stemwood is
expected to play an important role to meet the EU 2020 renewable energy target, as suggested

by Verkerk et al. [6], UNECE and FAO [7] and Bottcher et al. [10], our results show that
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European private forest owners cannot be expected to supply the requested amounts of woody

biomass for energy.

Although the respondents in our study generally asserted strong belief in a persistent and
strong demand for woody biomass for energy use (Figure 1) their readiness to change the
management objective to woody biomass for energy in forest stands currently managed for
stemwood was low, even if it would lead to higher financial return (Figure 2). Only one
respondent in ten, representing 12% of the forest area, reported a weakly positive or strongly
positive attitude to convert to producing woody biomass for energy at a profit in forest stands
currently managed for stemwood. Almost two respondents out of three held a strongly
negative attitude towards making the change (Figure 2). Assuming that respondents with a
weakly positive and strongly positive attitude towards making the change from stemwood to
biomass for energy will indeed make the change and that the respondents represent the
European private forest owners in general, only 12% of the privately owned forest land will
be available for providing stemwood for energy generation. Hence, a conservative estimate of
the harvest level of stemwood for energy in privately owned forests in Europe is 12% of the

maximum.

Our results are in agreement with those of Wilnhammer et al. [19] who found that that the
supply of woody biomass for energy from privately owned forests in southern Germany is
substantially lower than the technical potential. They, furthermore, found the supply of
biomass for energy related to self-consumption among owners of small holdings. Recent
studies of the attitude among U.S. private forest-owners to supply woody biomass for energy

indicate that the realizable potential supply varies between states and is in some states
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substantially lower than the technical potential (see [20-25]). By way of example, Aguilar et
al. [25] found that one third of Missouri non-industrial private forest owners responding to a
questionnaire indicated no willingness to harvest woody biomass for energy irrespective of

price.

The harvest levels of biomass for any use in privately owned forests in the reference scenarios
by Verkerk et al. [6] and UNECE and FAO [7] amounted to 94.6% of the maximum, when
calculated for the forest owners responding to the questionnaire (Table 3). The fraction used
in the high biomass scenarios was 5% higher. The rather small reduction of the maximum
harvest levels resulting from the high biomass scenarios as well as from the reference
scenarios appear highly unrealistic when compared to the harvest levels reduced to 12% of the
maximum estimated for supplying stemwood for energy in this study. Part of the difference
might be attributed to different interpretations of the term stemwood. While Verkerk et al. [6]
and UNECE and FAO [7] refer to stemwood as stems of all diameters some of the
respondents might have referred to stems of large diameters only. Nevertheless, the high
biomass scenarios as well as the reference scenarios, the latter quantifying the supply needed
to meet the EU 2020 renewable energy target, appears unrealistic, at least for supplying

stemwood for energy from privately owned forests in Europe.

In general the attitude appears more positive for changing land-use than for changing forest
management objective from stemwood to woody biomass (Figures 2 and 3).The attitude to
change the forested area and thereby contribute to the supply of biomass differed between
land-uses (Figure 3). Among respondents in Sweden and Germany, the attitude was most

positive for converting land used for other purposes than agriculture and pasture into forest
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(Figure 3) (Table 5). While the land area available to the German respondents for this land-
use class is substantially lower than for agriculture and pasture, in Sweden land used for other
purposes (e.g. low producing bogs and mires) make up 13% of the land area available to the
respondents (Table 2). Because of the long time it takes before a new forest can supply
significant amounts of woody biomass [11], increasing the land area for supplying woody
biomass for energy only plays a smaller role for the near future until 2020, especially if land
of low productivity is to be used. A shorter rotation period for energy crops implies that
conversion of forest to energy crops would provide earlier access to harvestable biomass.
However, among respondents in Germany and Sweden the attitude towards converting forest
to energy crop was less positive than towards expanding the forest (Table 5). The attitude
towards converting forest to energy crop was most positive among respondents in Portugal

(Figure 3).

Also other differences in attitudes between respondents from the three countries can be noted.
Although the belief in a persistent and strong demand for woody biomass for energy was least
strong among respondents in Portugal (Figure 1), the attitudes to take measures to respond to
the increasing demand for woody biomass was most positive among Portuguese respondents
(Figures 2-3). Responses from more land-owners would have been needed to paint a clearer
picture of the situation in Portugal. Nevertheless, the total land area owned by the respondents
in each country, respectively, was of comparable sizes (Table 2). The results of the present
study stand in contrast to predictions made using a structural model (e.g. [26]) whereby the
capacity to adapt to effects of climate change are seen as mainly influenced by structures in
the society, including financial wealth. In contrast to the empirical results for the Portuguese

respondents in the present study (Figures 1-3) and to the results of Blennow et al. [27], the
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structural model predicts lower capacity to adapt to effects of climate change in southern

Europe than in northern Europe [28,29].

However, evidence from several sources show that the way private forest owners use and
manage their land is influenced by more than economic factors (see [17]). For example,
studies have demonstrated that European private forest owners often are motivated to own a
forest for a multitude of reasons (e.g. [15, 30-33]). Because significant environmental,
recreational, and financial effects can be expected from taking measures to increase the
supply of woody biomass [6, 7], changing management objective or land-use would result in
personal value conflicts. Prioritisation between these values in combination with the beliefs
the respondents have about how to reach the goals likely explain the attitudes private forest
owners have towards changing their forest management and land-use to provide more woody
biomass for energy observed in this study. Hence, it cannot be assumed that forest owners
respond to market and pricing mechanisms irrespective of for what purpose the forest product
is to be used. As a consequence, European private forest owners cannot be expected to supply
the increasing demand for woody biomass for energy to meet the legally binding EU 2020

renewable energy target.

5. Conclusions

Our study provides the first empirical evidence that European private forest owners” readiness
to increase the supply of woody biomass for energy is substantially lower than assumed in
studies by Verkerk et al. [6], UNECE and FAOQ [7], and Elbersen et al. [8], at least with

respect to stemwood for energy. The readiness, furthermore, remained unexplained by
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changes in prices and market. Because stemwood for energy makes up a substantial part of
the expected supply of woody biomass for energy, the future supply of woody biomass for
energy from privately owned forests in Europe is overestimated in these studies. We conclude
that the low readiness to change management objective to woody biomass for energy and to
provide more land for biomass supply among private forest owners from three countries in a
latitudinal gradient over Europe have strong implications for meeting the forest biomass share

of the legally binding 2020 target for renewable energy in the European Union.
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Tables

Table 1. Questions and response options.

Question Response options
1. Do you believe that the strong demand for woody Yes, definitely
biomass for energy generation will be persistent over the Yes, probably
coming 10 years? Do not know

Probably not
Definitely not

2. Assume that you have during several years invested time  Mark with one cross on the

and money to keep the forest on your property well scale from “Most likely that I
managed for stemwood production. Assume furthermore would continue manage the
that you can improve the financial return by converting to forest stands for stemwood
production of woody biomass for energy generation. Is it production” (0) to “Most
more likely that you would continue to manage the forest for likely I would convert to
stemwood production, or that you would convert to production of woody biomass
production of woody biomass for energy generation? for energy generation” (100).*
3. Would you, if given the opportunity, be willing to convert  Yes, definitely

... to meet the demand for woody biomass for energy Yes, probably

generation? Probably not

a. Pasture land to forest. Definitely not

b. Land used for agriculture to forest Do not know**

c. Land used for other purposes than pasture and agriculture

to forest.

d. Forest land to land for cultivation of energy crops

4. What size of area is used for different land-uses on your Forestland  ha

management unit? Pasture land  ha
Agricultural land  ha
Land for other uses  ha

*Scale was reclassified according to 0-20 Most likely that I would continue manage the forest
stands for stemwood production; 21-40 Likely that | would continue manage the forest stands
for stemwood production; 41-59 Do not know; 60-79 Likely I would convert to production of
woody biomass for energy generation; 80-100 Most likely 1 would convert to production of
woody biomass for energy generation. ** The ”Do not know” answer should not be seen as
the mid-point on the scale because it is an epistemic statement while the other alternative
answers to the question are value statements. It is interpreted as meaning Do not know or
Indifferent.
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422  Table 2. Size of areas used for different purposes and owned by respondents in each country

423  (see Table 1, question 4).

Land-use Sweden  Germany Portugal
class (ha) (ha) (ha)
Forest 25800 27582 23662
Pasture 1895 4097 3541
Agriculture 2408 2454 1730
Other 2474 392 558
Total 32577 34525 29491
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Table 3. Harvest level factor used by Verkerk et al. [4] and UNECE and FAO [5] reflecting
the private forest owners™ opportunities to exploit a higher demand for woody biomass by

intensified forest management.

Sweden Germany Portugal Total
(%) (%) (%) (%)

Harvest level reduction
factor 94.3 93.9 95.9 94.6

The size of holding was represented as the forest area per holding owned by the respondents
in the present study.
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Table 4. Fraction of respondents strongly believing in a persistent and strong demand for
woody biomass over the coming 10 years by country and the fraction of forest land area

owned by these respondents.

Strong belief in a persistent and Forest land area owned**
strong demand for woody biomass* %
% (s.e.)
Sweden 93 (+1) 97
Germany 97.0 (x0.8) 94
Portugal 73 (£6) 84
Total 93.5 (+0.9) 92

*Response option “Yes, certainly” to question 1 in Table 1: ** Calculated from responses to
question 4 in Table 1.


http://dx.doi.org/10.1016/j.biombioe.2014.05.002

440

441

442
443
444

445

446

Postprint: Blennow K, et al., 2014. Forest owner motivations and attitudes towards supplying
biomass for energy in  Europe. Biomass and Bioenergy, 67:223-230.
http://dx.doi.org/10.1016/j.biombioe.2014.05.002 23

Table 5. Statistically significant differences in attitudes towards changing land use between

respondents in each country, respectively.

Sweden Germany
OF>PF OF>AF
W =19752.5, p-value = 6.22e-4 W = 7848, p-value = 2.71e-05
OF>AF OF>FE
W =19879.5, p-value = 9.62e-14 W = 16541.5, p-value = 1.46e-08
OF>FE PF>AF
W = 29996, p-value = 2.60e-15 W = 16576.5, p-value = 2.04e-10
PF>AF PF>FE
W = 16247, p-value = 6.77e-06 W =28981.5, p-value < 2.2e-16
PF>FE

W = 25483, p-value = 4.65e-06

Pasture to forest (PF), agriculture to forest (AF), other land uses than pasture and agriculture
to forest (OF), and forest to energy crop (FE), more positive (>), and less positive (<).
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Figure captions

Figure 1. Respondents’strength of belief in a strong and persistent demand for woody
biomass, per country. Responses to question 1 (Table 1). The increasing shades of grey code
for responses from “Definitely not” over “Probably not”, “Do not know”, “Yes, probably”, to
“Yes, definitely”, so that darker shades exhibit the strongest degree of belief in a strong and
persistent demand for woody biomass, respectively. Bars denote 95% confidence intervals per

country. The circles represent the fraction (%) of land per class and country.

Figure 2. Respondents’ attitudes towards changing the forest management objective from
stemwood to woody biomass for energy at profit, per country. Responses to question 2 (Table
1). The increasing shades of grey code for classified responses on a scale spanning 0 to 100
from “Most likely continue managing the forest for production of stemwood” (<20) to “Most
likely change the management objective to production of woody biomass for energy” (>80),
so that darker shades exhibit the most positive attitude to change management objective to
woody biomass for energy in stands currently managed for stemwood. Bars denote 95%
confidence intervals per country. The circles represent the fraction (%) of land per class and

country.

Figure 3. Respondents’ attitudes towards changing land-use, per country. Responses to
question 3 (Tablel). Land-use change from pasture to forest (a), agriculture to forest (b), other
uses than pasture, agriculture and forest to forest (c), and forest to land for energy crop
production (d), per country. The increasing shades of grey code for responses from

“Definitely not” over “No, probably not”, “Yes, probably”, to “Yes, definitely”, so that darker
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shades exhibit the most positive attitude towards making the change, respectively. White
codes for “Indifferent and Do not know” and is placed at the side and not in the center as in
Figures 1 and 2. Bars denote 95% confidence intervals per country. The circles represent the

fraction (%) of land per class and country.
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