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Abstract
Background and Purpose: In the EU political agenda, the use of forest biomass for energy has grown
rapidly and significantly, in order to mitigate carbon dioxide emissions and reduce the energy dependence
on fossil fuels of European member countries. The target of the EU climate and energy package is to raise
the share of renewable energy consumption produced from renewable resources to 20% in 2020 (Directive
2009/28/EC). With regards to biomass energy, the supply of forest wood biomass is expected to rise by
45% (reference period: 2006-2020), in response to increasing demand for renewable sources. The increase
of forest biomass supply could have both positive and negative effects on several forest ecosystem services
(ESs) and local development. These effects should be assessed in a proper manner and taken into account
when formulating management strategies. The aim of the paper is to assess the environmental, economic
and social sustainability of forest biomass harvesting for energy, using the Figure of Merit (FoM) approach.
Materials and Methods: Sustainability was assessed through a set of four indicators: two focused on
experts’ opinions regarding the effects of forest biomass harvesting and the other two focused on the
cost-benefit analysis (potential energy obtained and costs for wood chips). The research was developed
through four case studies located in the Alpine Region. A semi-structured questionnaire was administered
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face-to-face to 32 selected experts. The perceived effects of forest biomass harvesting for energy on ESs
and local development were evaluated by experts using a 5-point Likert scale (from “quite negative effect”
to “quite positive effect”).
Results: All experts agree that forest biomass harvesting has a positive effect on forest products provision
and local economic development (employment of local workforce, local entrepreneurship and market
diversification), while the effects on other ESs are controversial (e.g. carbon sequestration, habitat quality,
natural hazards protection and recreational values).
Conclusions: Therefore, it can be asserted that the effects of forest biomass harvesting on sustainability
vary according to the local context. The results of FoM can support decision makers in order to analyze the
environmental, social and economic sustainability of forest biomass harvesting for energy.
Keywords: ecosystem services, ecological effects, socio-economic effects, local development, Multi-Criteria Analysis, Alpine Space

INTRODUCTION
At global level, renewable energies cover
more than 13% of the world’s energy demand
[1] and they could meet more than 50% of
the total energy demand by the middle of 21st
century, if supported by appropriate energy
policies and innovative renewable energy
technologies development [2]. In the pool of
renewable energies, wood and wood wastes
cover about 47% of the gross consumption of
all renewable energy in the European Union in
2011 and 67% of bioenergy use [3].
According to the European Union (EU)
Forest Action Plan of the period 2007-2011 [4],
the 27 EU member countries have a high energy
potential from forests, despite the relevant
constraints to wood mobilization [5]. EU Forest
Action Plan considers the promotion of use of
forest biomass for energy generation one of the
18 key actions to improve the competitiveness
of the European forest sector [6]. Subsequently,
the new EU Forest Strategy (2013) encourages to
use forest resources in a manner that minimizes
the negative impact on the environment and
prioritizes the outputs that have higher addedvalue and are able to create job opportunities.
In 2005 around 98 million m3 of wood
overbark was removed from EU forests and
used as fuelwood [7]. This wood quantity for
energy purpose is foreseen to increase in future
decades, because the targets of the EU climate
and energy package are to raise the share of
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renewable energy consumption produced from
renewable resources to 20% in 2020 and to
reduce the greenhouse gas (GHG) emissions
by 20% compared to 1990 levels (Renewable
Energy
Directive
2009/28/EC).
EUwood
estimates that the EU’s forest biomass supply
would increase by 11% from 2010 to 2030,
while the demand for forest biomass would rise
by 73 % [8]. Other studies evaluate an increase
in the use of renewable biomass by 45% by
volume between 2006 and 2020, this value
representing 8 % of expected total increase in
renewable energy use in EU member countries
[9, 10]. Instead, Nabuurs et al. [11] for the
whole Europe estimate that forests could supply
729 million m3 of wood overbark for energy use
by 2060.
According to the UNCED’s report “Our
common future” (1987) - better known as
Brundtland report [12] - the sustainable development can be defined as the kind of
development that meets the needs of the
present without compromising the ability of
future generations to meet their own needs.
However, this definition is more focused on the
economic aspects of the sustainability concept,
considering only marginally environmental and
social aspects. Currently, the need to consider
simultaneously these three perspectives is widely
recognized; in this direction in recent decades
two models have been developed, with the aim
to analyze the interrelationships between the
environmental, social and economic aspects
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of sustainability [13]. The first model considers
the three aspects as concentric (“concentric
model”), while in the second model the three
aspects are represented equally (“overlapping
circles model”). According to the “concentric
model” of sustainability, the economy sphere is
a subset of the society sphere, and the latter
is a subset of the environmental sphere. In the
“overlapping circles model” of sustainability
the three spheres are not concentric and the
model considers in more detail the nature of
each sphere and the reciprocal interactions. In
the bioenergy sector the “overlapping circles
model” is the most suitable model in order
to assess the effects of biomass harvesting
from forests considering simultaneously environmental, economic and social sustainability
[14].
Environmental sustainability can be defined
as “a condition of balance, resilience, and
interconnectedness that allows human society
to satisfy its needs while neither exceeding
the capacity of its supporting ecosystems to
continue to regenerate the services necessary to
meet those needs nor by our actions diminishing
biological diversity” [15]. Environmental sustainability refers to the concept of ecosystem
services (ESs) first introduced in the early
80’s by Ehrlich and Ehrlich [16]. In the 90’s
several authors analyzed this concept through
different perspectives [17, 18]. Currently, ESs
can be defined as the benefits obtained from
nature that satisfy human needs [19, 20] such
as provisioning services (e.g. food, fodder and
timber), regulating services (e.g. air and water
purification), cultural services (e.g., recreational
opportunities), and supporting services (e.g.
nutrient cycling). Many attempts have been
made both to systematically categorize and to
comprehensively list ESs [20-22].
Sustainability of economy - in the strict
sense - is considered as the ability to maintain
productivity [23]. In a broader sense, sustainable growth is the creation of a social and
economic system which provides support to
increase the real income, to improve the level
of education, and to improve the quality of life
[24, 25].
© CFRI http://www.seefor.eu

While, social sustainability is defined as a
life-enhancing condition within communities
and a process within communities that can
achieve that condition [26]. The key aspects to
consider in social sustainability are [27]: equity
of the current generation access to fundamental
services (e.g. health, education) and equity
between generations, widespread people’s participation to the decisions, a sense of community
responsibility, respect for property rights. Social
sustainability can be implemented incorporating
perceptions, preferences and opinions of local
community, stakeholders or public in general
in the decision making process, following the
basic principles of participatory approach [28].
Wood biomass from forests (e.g. harvesting
residues as branches and tops, stumps and
coarse roots, dead trees, etc.) could satisfy an
interesting percentage of the energy demand
through improving the efficiency of harvesting
and mobilization technologies, increasing
the use of biomass in the high forested areas
and in the regions with a high rate of natural
regeneration (i.e. mountain and marginal areas).
In this potential future scenario an important
aspect to take into account is the analysis of
the sustainability of forest biomass harvesting
for energy use, considering the effects on the
environment and society. Starting from these
considerations, the aim of the paper is to analyze
the sustainability of forest biomass harvesting for
energy purpose considering the environmental,
economic and social sustainability according
to the “overlapping circles model”. The sustainability of forest biomass harvesting was analyzed through the use of the Figure of Merit
(FoM), taking into consideration simultaneously
the environmental, social and economic aspects
of sustainability as well as expected from the
“overlapping circles model”. The research was
developed in four case studies located in Alpine
Region and involved in the Recharge.green
project [29]. The case studies considered - Triglav
National Park in Slovenia, Gesso-Vermenagna,
Mis and Maè valleys in Italy - were chosen taking
into account different environmental and socioeconomic contexts, in order to test the method
in various situations and to compare the results.
SEEFOR 6 (1): 77-95
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Materials and methods
Study Areas
The sustainability of forest biomass
harvesting was analyzed in four case studies,
located in different parts of the Alps (Figure 1):
Triglav National Park (Slovenia), Mis valley and
Maè valley (Belluno Province, Italy) and valley
(Cuneo Province, Italy). These four case studies
were chosen in order to represent various Alpine
conditions. The key variables used to select the
study areas were: (1) forest cover, (2) percentage
of land under protected-area status (from 100%
of Triglav National Park to 45 % of Maè valley);
(3) tourist importance in terms of average annual
number of visitors; (4) importance of primary
sector for local economy (e.g. timber and hay
production). Among the available data across the
four study areas, these variables were chosen as
proxies for many ecosystem services (in particular
for provisioning, cultural and regulating services)
[30].
The first study area is the Triglav National Park
(TNP), located in the north-east part of Slovenia.
TNP is the only national park in Slovenia and
the current boundaries are established by a
National Law of the 2010. TNP covers an area of
almost 840 km2 which is nearly four per cent of
the Slovenian surface. The main land uses are:

forests (62 %) and managed grasslands (10 %).
The typical forest types in the park are: European
beech forests (27981 ha), dwarf mountain pine
forests (11350 ha), Silver fir-European beech
forests (4925 ha), and Silver fir-Norway spruce
forests (4191 ha). The park provides a variety
of ESs. On the one hand nature conservation,
environment and cultural heritage protection as
well as recreation and tourism (about 580000
tourists per year) are the most important ESs in
TNP; on the other hand agriculture and forestry
are important for the people living in the park.
Mis Valley covers an area of 11800 ha and it
is crossed by Mis Stream (22 km long). It includes
two municipalities and large part of the area is
covered by the Dolomiti National Park (71% of
Mis valley). Forest area covers about 8347 ha
and the main forest categories are hornbeam
and manna ash forests (2420 ha), European
beech forests (2133 ha), dwarf mountain pine
forests (1442 ha) and Norway spruce forests
(533 ha). Considering the area covered by forest
management unit plans, the mean growing
stock is nearly 214 m3∙ha-1 with a current annual
increment of 3.78 m3∙ha-1∙year-1. The tourism
sector is less developed and the visitors are
mainly concentrated in the area of the Dolomiti
National Park.
Maè Valley covers an area of 23300 ha around

Figure 1. Geographical location of the study areas in the
Alpine Region (source: Alpine
Convention, SOIA database
for alpine perimeter, EUROGEOGRAPHICS for administrative boundaries).
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the Maè Stream (33 km long), and it includes four
municipalities. The area is part of Natura2000
Network, Dolomiti UNESCO site and Dolomiti
National Park (45% of total land area). In the
past Maè valley was characterized by traditional
use of wood for rural building structures, now
strongly declined. Nowadays the use of wood for
heating remains high for households’ traditional
activity. Regarding the forest area (18928 ha),
the main forest categories are European beech
forests (3963 ha), dwarf mountain pine forests
(2532 ha) and mixed forests of Norway spruce
and European beech (2167 ha). Considering the
area under forest management unit plans, the
mean growing stock is nearly 208 m3∙ha-1 with a
average annual increment of 3.50 m3∙ha-1∙year-1.
In this area the tourism sector is less developed
with an average number of visitors per year equal
to 40 000.
Gesso-Vermenagna valley is located in the
north-western part of Italy (Piedmont Region),
close to the French border. The study area
includes seven municipalities. The land area
is approximately 51500 ha of which about
32000 ha are located in protected areas (Maritime
Alps Natural Park or Nature2000 sites). The main
land uses are forests (42%) and pastures (33%).
The main forest types are European beech
forests with 11500 ha, chestnut forests with
2700 ha, and mixed forests (maple, linden and
ash) with 1850 ha. The average standing stock is
183 m3∙ha-1, with an average annual increment of
7.73 m3∙ha-1∙year-1. Gesso-Vermenagna valley is a
mountainous area mainly based on the primary
sector (about 22% of total firms), while the
secondary sector (industry) is poorly developed.

The services sector is based on tourism with an
average of 121000 visitors per year.

Research Framework
The sustainability of forest biomass harvesting
for energy production was assessed through
a set of four indicators: (1) perceived effects of
forest biomass harvesting on ESs; (2) perceived
effects of forest biomass harvesting on local
development; (3) potential energy obtained from
forest biomass; (4) costs for energy production.
The first two indicators focused on the local
experts’ opinions concerning the effects of forest
biomass harvesting on ESs and local development,
while the other two indicators focused on the
cost-benefit analysis (potential energy obtained
and costs for wood chips). The data of the first
two indicators were collected through a semistructured questionnaire, while the other two
indicators were quantified using data from ad
hoc survey and forest management plans.
The experts were identified by the
researchers of the Recharge.green project and
the local partners in a brainstorming session.
The major selection criterion was their professional experience in one of the following
sectors: forest management and planning,
environment conservation, rural development
and renewable energy development. Besides,
the experts were chosen on the basis of their
expertise and knowledge of the local context.
The experts identified in each case study were
mainly policy makers and technicians. At the
end of this preliminary stage, a total of 32 experts - distributed as illustrated in Table 1 - were
identified and directly contacted.

TABLE 1. Number of experts interviewed subdivided per study area
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The semi-structured questionnaire administered to the experts was subdivided in 6
thematic sections and composed by 20 questions
(19 close-end questions and one open-end
question). In the present paper the data of
the two thematic sections concerning forest
biomass harvesting (effects on ESs and on
local development) were used to elaborate the
indicators of sustainability.
The semi-structured questionnaire was
administered through face-to-face interviews to
the local experts identified in the period September
2013 – July 2014. For each question, besides
ticking the given answer, there was discussion,
in order to collect comments and explanations
for responses and to discuss the various related
aspects with the experts. The discussion was
assumed to help to interpret the quantitative
results and, furthermore, it was helpful in case
experts had difficulty in understanding the
meaning of some words or concepts. In the
present paper qualitative information collected
during the interviews were used in the discussion
of the results in order to explain and understand
the differences between case studies.

Figure of Merit and Set of Indicators
A useful and practical tool for a multi-criteria
analysis of the sustainability of biomass harvesting
for energy is represented by the figure of merit or
FoM [31]. FoM tool allows the integration and the
simultaneous comparison of several indicators of
environmental, economic and social sustainability
of bioenergy development. FoM tool is a simple
and straightforward method that through a set
of indicators allows to compare the performance
of a device, system or method, relative to its
alternatives. In literature, FoM is applied to assess
the performance of different renewable energies
(e.g. solar, wind, hydropower), on the basis of a
set of performance indicators [32]. In this paper
FoM was modified and adapted, in order to assess
the performance of forest biomass harvesting for
energy in different case studies considering the
local characteristics. In other words, FoM tool
was used in order to compare the performance
of the same activity in different geographical and
socio-economic contexts.
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The first two indicators (perceived effects of
forest biomass harvesting on ESs and on local
development) were measured using data from
questionnaires responses rated on a 5-pointLikert scale ranging from -2 to +2. The value
of the other two indicators (potential energy
obtained from forest biomass; costs for energy
production) can range from 0 to an undefined
upper limit. In these cases the range was
calculated from the interval of variation given by
the difference between the best and the worst
performance of each case study.
For each indicator, the range of scores was
divided into 10 equal classes. In this way, for the
indicators 1 and 2 each class has a width equal to
0.4. For the indicators 3 and 4, the width of the
classes was calculated dividing in 10 equal parts
the range obtained from minimum to maximum
value of the indicator. Finally, each indicator
obtains a class-relative rank according to its
performance from 1 (the best score) to 10 (the
worst score) [1]. In the present study the same
level of importance to each indicator has been
given, without attributing different weights. The
formula used to calculate the FoM was:
FoM = Relative rank I1 * Relative rank I2 *
Relative rank I3 * Relative rank I4
where:
I1 = perceived effects of forest biomass
harvesting on ESs (range from -2 to 2);
I2 = perceived effects of forest biomass
harvesting on local development
(range from -2 to 2);
I3 = potential energy obtained from forest
biomass considering tree composition of
forest types (MJ∙ha-1∙year-1)
I4 = unit cost for energy production
(€∙t-1 fresh chips).
The first indicator (I1) is associated to the
perceived effects of forest biomass harvesting
for energy on ESs. In this study six ESs provided
by Alpine forests were considered and assessed,
assuming the commensurability of these ESs
(Table 2). This set of ESs reflects both the
particular mountain ecosystems characteristics
© CFRI http://www.seefor.eu
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and the decision making context (expanding
renewable energies in general and bioenergy in
particular for the local development) [33].
For each case study the experts evaluated
the positive and negative effects of forest
biomass harvesting using a 5-point Likert scale
(-2 = quite negative effect, -1 = negative effect
0 = no effect, 1 = positive effect, 2 = quite
positive effect). The experts assessed the effects
with special regards to the environmental
characteristics of the local context. This indicator
is considered as a benefit in case of positive
effects and as an environmental cost in case of
negative effects.
The second indicator (I2) used in the FoM has
the purpose to evaluate - through the experts’
opinions - the positive and negative perceived

effects of forest biomass harvesting on local
development, considering the socio-economic
characteristics of the study area. The effects
were assessed using three dimensions related
to different features of local development:
economic, social and cultural. For each effect
dimension were selected appropriate subindicators. The experts assessed the effects on
each sub-indicator taking into account all aspects
described in Table 3 in an aggregate way.
Economic indicators track the costs and
business aspects of a process. When considering
sectors such as renewable energies production,
these indicators must go beyond conventional
financial reporting to describe the creation of
wealth and its distribution and reinvestment
for future growth [34]. The hypothesis is that

TABLE 2. Alpine ecosystem goods and services considered in this paper (source: [20-22])
Ecosystem good and service

Definition adopted

Provisioning services
Provision of forest and agricultural production

Provision of fresh or potable water

Products obtained directly from ecosystems
such as agricultural products, forest products
and aquaculture products. If relevant, could also
include extractable products (e.g. mushrooms,
natural medicines, peat, ...)
Provision of fresh or potable water including water
filter function of soils

Regulating and maintenance services
Protection against natural hazards

Carbon sequestration in vegetation and soil
Ecological habitat quality

Mediation/Buffering of flows (mass, liquid,
gaseous) for avoiding extreme events (such as
floods, soil erosions, landslides, avalanches,
storms, rock falls, ...)
Amount of carbon sequestrated by the ecosystem
for regulating the global atmospheric composition
The overall habitat quality for wild plant and
animal species, necessary for the function of
ecosystem services mentioned above. Habitat
quality is (mutually) dependent on nutrient cycling,
seed dispersal and pollination. Also, the long term
ecosystem stability (=resilience) and resistance
against pests affecting human health and forestor agricultural production are an expression of
high ecological habitat quality

Cultural services
Recreational values

© CFRI http://www.seefor.eu

Value for recreation (such as walking, hiking,
skiing, climbing, boating, leisure fishing and
leisure hunting), possibility for relaxation and
silence in general

SEEFOR 6 (1): 77-95
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TABLE 3. Socio-economic effects on local development considered in this paper (source: [37-47])
Indicator

Ambit

Description and related issues

Local market
diversification

Local economy

Local
entrepreneurship

Local economy

Resource efficiency

Local economy

Allocation of resources over a large number of markets in an
attempt to reduce risks of concentrating resources and to
exploit the economies of flexibility [44].
Willingness to invest in renewable energies to diversify the
market.
System flexibility to react to market changes and to renewable
energies price fluctuations.
Propensity of the local population to initiate business
enterprises’.
Effects on business opportunities and productive diversification
of the area.
Use of natural resources, with the main purpose of minimising
their input when producing a product or delivering a service.
Amount of energy production with a less amount of nonrenewable resource input.

Economic indicators

Social indicators
Employment of
local workforce

Quality of life

Increasing income
per capita

Quality of life

Tourism

Quality of life

Social and
community
aggregation

Social stability,
involvement
and legitimacy

Political stability

Social stability,
involvement
and legitimacy
Health and
safety

Human health

Improving the economic development of local community.
The installation, operation and maintenance of renewable
energy technologies are generally of modest scales, so they
create more employment, for the local workforce.
Building the technical capacity of the local workforce.
Income per capita is a positive variable of social welfare, and is
often an effect of technical progress [41].
Payments to local farmers for hiring their land and
‘‘compensations’’ to the local community made by the owner
of the renewable energy plant.
Renewable energies development creates changes in the area
and effects on tourism development. Attractiveness of the area
for visitors is an indicator of social development.
Effects on the capacity to improve local people participation
(i.e social and political empowerment, participative decisionmaking, participatory integrated assessment)
Effect on social capital and on community capacity-building
Citizens’ acceptance of the system or, in other words, the
potential of conflicts induced by energy systems, and the
citizens participation in the decision making process.
Health hazards for the local population linked to the renewable
energies production (potential health impact due to severe
accidents; health consequences of normal operations).

Cultural indicators
Property rights and
rights of use

84

Local traditions
and values

SEEFOR 6 (1): 77-95

Land and resource tenure, dependencies on foreign sources
(e.g. financial investments, knowledge), customary rights
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encouraging the use of forest biomass for energy
purposes has positive economic effects at local
level. In particular, the positive effects concern
the market diversification (e.g. wood chips as
efficient alternative to traditional fuelwood),
the creation of new job opportunities in the
forest-wood-energy chain, and the impetus for
innovation and local entrepreneurship.
Social indicators are employed to assess
both the technological impacts, and the effects
of political strategies, interventions or plans.
There are various models for the measurement
of social impact and the discipline of social
indicator research provides a vast list of works
on which to base the choice and selection of
appropriate indicators [35]. In the present
work, social sub-indicators were used in order
to take into account three main ambits: quality
of life of people, socio-political stability and
health and safety. The hypothesis is that the
use of forest biomass for energy can potentially
have positive effects on the quality of life
of local communities (increase employment
opportunities and income per capita), but - on
the other hand - it can also have potentially
negative effects on the health and safety of
forest workers.
The term cultural indicator is a term
developed by Gerbner [36] and refers to the
elements that reflect our culture. The local
culture can influence the rational choices of the
people (i.e. political decision makers, managers,
members of community) but, conversely, in a
long term period the economic investments and
the land use changes can influence the local
culture. Consequently, the cultural indicators
have the purpose to quantify the potential
impacts of an investment on cultural aspects
in a specific territory. Considering the roots of
cultural aspects in the context, it is assumed that
the use of forest biomass for energy purpose
has no effect in the short and medium term on
cultural indicator. The potential positive effects
may be found only in the long term.
For the purposes of the present study, the
authors selected 10 sub-indicators (3 economic
indicators, 6 social indicators and 1 cultural
indicator) in order to evaluate the effects of
© CFRI http://www.seefor.eu

forest biomass utilization for energy production
on local development in selected study areas.
The 10 sub-indicators are described in
Table 3, evidencing their economic, social and
cultural impact dimension, the specific ambit
of the impact, and the indicator features. The
ambit of impact of forest biomass harvesting
concerns: i) the impact on the local economy,
ii) the impact on the quality of life, iii) the
impact on the social stability, involvement and
legitimacy, iv) the impact on health and safety
and v) the impact on local traditions and values.
The description of each indicator moves from
the general definition to the specific issues
related to forest biomass for energy purpose.
For each case study the local experts
evaluated the effects of forest biomass
harvesting on local development using a
5-point Likert scale (-2 = quite negative effect,
-1 = negative effect, 0 = no effect, 1 = positive
effect, 2 = quite positive effect˝).
The third indicator (I3) considers the
annual potential primary energy that can
be obtained from forest biomass in each
case study considering as key variables the
annual increment (m3∙ha-1∙year-1) and the tree
composition per forest types. The fuel has an
amount of energy - called primary energy - that
is converted through combustion in final energy
to be used for heating or hot water for sanitary
purposes [48]. For this analysis, the calorific
values of the main Alpine tree species with a
moisture content of 15% (dry wood) were
considered (Table 4). Calorific value indicates
the amount of heat that develops from the
mass (weight) in its complete combustion with
oxygen in a calorimeter standardize. In the last
step, the calorific value of each tree species
(kcal∙kg-1) was transformed in energy content
(MJ∙kg-1) using the specific wood density.
The energy content allowed to calculate the
potential energy that can be obtained in a
hectare of forest in each case study. Energy
potential is considered as a benefit which can
be transformed in monetary terms using the
local market price.
The last indicator (I4) considers the costs
per ton of wood chips, taking into account the
SEEFOR 6 (1): 77-95
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TABLE 4. Energy content of main tree species present in the case studies
Wood density
(kg∙m-3)

Calorific value
(kcal∙kg-1)

Energy content
(MJ∙kg-1)

Norway spruce (Picea abies)

450

4857

20.33

Silver fir (Abies alba)

440

4650

19.47

Dwarf mountain pine (Pinus mugo)

500

4130

17.29

Chestnut (Castanea sativa)

580

4599

19.25

European beech (Fagus sylvatica)

750

4617

19.33

Ash (Fraxinus excelsa)

720

5350

22.40

Maple (Acer spp.)

740

4607

19.29

Hop-hornbeam (Ostrya carpinifolia)

820

4640

19.42

Alder (Alnus spp.)

540

4440

18.59

Tree species

1

4.186 coefficient used to obtain KJ from kcal. Source: modified by Ilarioni [49].

local productivity and costs. Four type of costs
are considered in this indicator: harvesting
costs, extraction costs using tractor with winch,
chipping costs and transport costs (average
distance around 25 km). Labour costs are
included in each indicator. The main factor
that influences machine cost estimation is
the annual utilization rate of machinery; this
factor depends mainly on technical reliability of
machines, roads conditions, logistics [50]. The
labour cost estimation is influenced by the local
costs of life and the specific conditions of local
workforce in forest sector.

Results
The sustainability of forest biomass harvesting for energy was assessed through a set of
four indicators and in a synthetic way, using the
figure of merit (FoM). Firstly, we show the results
of each indicator and subsequently we evidence
the results of FoM.
I1 was calculated as the mean value of the
experts’ perceived effects of forest biomass
harvesting on ESs (Table 5). The effects
can be both negative and positive and are
strongly influenced by the local context (e.g.

TABLE 5. Mean value of perceived effects of forest biomass harvesting on ESs (I1) by case study
Triglav National
Park (n1=13)

Mis valley
(n=5)

Maè valley
(n=6)

GessoVermenagna
valley (n=8)

Forest products provision

1.31

1.20

1.50

0.29

Water provision

0.00

0.00

0.17

0.00

Natural Hazards Protection

-0.23

0.50

1.17

0.14

Carbon sequestration

-0.15

-0.20

0.50

0.00

Habitat quality

-0.62

1.00

1.33

-0.14

Recreational value

0.08

0.80

1.67

-0.29

Indicator 1 (mean)

0.07

0.55

1.06

0.00

ESs/Case study

1

n=number of experts in the study area
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presence of protected area, geomorphological
and orographic conditions) and the forest
management strategies adopted (e.g. silvicultural
treatments). Results in Table 5 show that all
experts considered positive the effect of forest
biomass harvesting on forest products provision
(e.g. timber and bioenergy production), with
average values ranging from 0.29 in GessoVermenagna valley and 1.50 in Maè valley.
Most experts agreed that the removal of woody
biomass has negligible effect on the provision of
fresh or potable water (average values ranging
from 0 to 0.17).
The effects of biomass harvesting on
the protection against natural hazards were
considered as positive by the experts of the
three case studies located in Italy, while negative
(-0.23) by the experts of Triglav National Park.
According to their answers during the interviews,
the Slovenian experts took in consideration the
fact that harvesting logging residues increases
soil compaction and erosion in fine textured
and moist soils, and this aspect is particularly
relevant in protected areas (e.g. biotopes).
Concerning the effects on carbon sequestration in vegetation and soil, the experts of

Triglav National Park and Mis valley considered
as negative the overall effect (-0.15, -0.20),
while the experts of the other two case studies
perceived a neutral or moderately positive effect.
The effects of forest biomass harvesting on
habitat quality were perceived as positive by
Mis valley (1.00) and Maè valley (1.33) experts,
while by experts of the Triglav National Park and
Gesso-Vermenagna valley were perceived as
negative (-0.62 and -0.14).
Also the experts’ opinions regarding the
effects on recreational value show divergences
among case studies. In this case, effects of
biomass harvesting were judged negatively in
Gesso-Vermenagna valley (-0.29), while were
considered positive in Triglav National Park, Mis
and Maè valleys (0.08, 0.80, 1.67).
The results of the second indicator (I2),
concerning the perceived effects of biomass
harvesting on local development, are shown
in Table 6. Results evidence that the effects of
forest biomass harvesting on local development
were considered as positive in all case studies
for almost all indicators. Four sub-indicators
obtained scores over 1 in all case studies, which
are the following: local market diversification,

TABLE 6. Mean value of perceived effects on local development (I2) by case study
GessoVermenagna
valley (n=8)

Triglav
National Park
(n=13)

Mis valley
(n=5)

Maè valley
(n=6)

Local market diversification

1.31

1.40

1.33

1.14

Local entrepreneurship

1.46

1.60

1.50

1.29

Resource efficiency

1.15

1.40

1.50

1.00

Employment of local workforce

1.69

1.60

1.67

1.25

Increasing income per capita

1.31

1.20

1.00

1.14

Tourism

0.23

1.40

1.67

-0.29

Social and community aggregation

0.85

1.00

1.33

0.71

Political stability

0.23

1.00

1.17

0.43

Human health

0.00

1.00

1.00

-0.29

Property rights and rights of use

0.85

0.60

1.33

0.50

Indicator 2 (mean)

0.91

1.22

1.35

0.69
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local entrepreneurship, resource efficiency,
employment of local workforce, and increasing
income per capita. These results evidence that
all the experts considered the use of forest
biomass for energy as an important resource for
local economic development, while the social
and cultural effects are more controversial.
Concerning social indicators, two indicators of
quality of life obtained a score over 1, while
the effects of biomass harvesting on the third
one (tourism) were considered negative by the
experts of Gesso-Vermenagna valley (-0.29).
The indicators of social stability (social and
community aggregation, political stability)
obtained positive values in all case studies, while
the experts of the Gesso-Vermenagna valley
considered the activity of biomass harvesting as
potentially negative on human health (-0.29).
The effect of biomass harvesting on the property
rights and rights of use was considered positive
in all case studies.
The results of the third indicator (I3) show
the potential energy obtained from forest
biomass and are presented in Table 7. The
differences in the potential energy from case
studies are due to the annual increment and to
the characteristics of tree species (wood density
and energy content). Gesso-Vermenagna valley
present the highest values of annual increment
and many species with a high calorific value
and wood density (e.g. European beech) form
a significant part of the growing stock. On the
other side, the low values of annual potential
energy in Maè valley are mainly due to the high
percentage of softwood species (Norway spruce
and dwarf mountain pine).
Finally, the results of the fourth indicator (I4)
are reported in Figure 2. The costs collected in
the case studies are higher than the data from
literature: according to Asikainen et al. [51]
in Eastern Europe the harvesting, extraction,

chipping and transport costs of logging residues
vary between 20-25 €∙m-3, while in Western
Europe these costs vary between 30-35 €∙m-3.
These differences are due to the higher labour
and fuel costs in Western European countries.
In Veneto region (Mis and Maè valleys) the
total costs (harvesting, extraction, chipping
and transport costs) has been estimated at
around 53 €∙t-1 fresh wood chips and this value
is comparable with the value reported in local
literature 65 €∙t-1 fresh wood chips [52]. The
Triglav National Park case study shows costs
slightly higher for harvesting (17 €∙t-1 fresh
chips), while the Gesso-Vermenagna valley is in
agreement with Mis and Mae Valley data (for
harvesting 15 €∙t-1 fresh chips and for extraction
26 €∙t-1 fresh chips in Gesso-Vermenagna valley).
Finally, FoM was implemented with the
support of the four above mentioned indicators
(Table 8). From the theoretical point of view,
in the present study FoM can vary from a
minimum of 1 to a maximum of 10000. The
results show that the lowest FoM is found for
the case studies of Maè valley (FoM = 60) and
Gesso-Vermenagna valley (FoM = 60), while the
highest FoM is found for Triglav National Park
(FoM = 1200). The greater sustainability of
case studies located in Veneto Region is mainly
influenced by results of the questionnaire, in
particular by the fact that experts considered
the forest biomass as an important resource
for local development with few negative effects
due to harvesting. In Triglav National Park the
conservation objectives prevail. In the managed
forests (2nd and 3rd protection zone) the forest
management is more oriented to timber
production than to wood for energy production.
Forest biomass for energy production is a local
product mainly used for home heating and
deriving from private owned forests which
prevail in the park.

TABLE 7. Annual potential energy (I3) by case study

Potential energy (MJ∙ha-1∙year-1)
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Triglav
National Park

Mis
valley

Maè valley

Gesso-Vermenagna
valley

55090

56700

39440

98680
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70
57.5

60

53

54

50
40
30

25 23 26

20
10

17

15

18 18

10
5

4.5

10

8

0
Extraction costs
using tractor and
winch (€·t-1)

Harvesting
costs (€·t-1)

Chippingcosts (€·t-1)

Transportcosts (€·t-1)

Triglav National Park

Mis valley and Maè valley

Indicator 5
(€·t-1)
Maritime Alps Natural Park

Figure 2. Average costs for wood chips production included the labour costs by case study
(source: [52-55])

TABLE 8. Results of figure of merit (FoM) for forest biomass harvesting by case study

Triglav National
Park (n=13)

I1

Relative
Rank I1

I2

Relative
Rank I2

I3

Relative
Rank I3

I4

Relative
Rank I4

0.07

5

0.91

3

55090

8

57.5

10

FoM
1200

Mis valley (n=5)

0.55

4

1.22

2

56700

8

53

1

64

Maè valley (n=6)

1.06

3

1.35

2

39440

10

53

1

60

Gesso-Vermenagna
0.00
valley (n=8)

5

0.69

4

98680

1

54

3

60

discussion
The results of the present research show that
there are divergences between experts’ opinions
in the various study areas. These divergences
are due to the different local economic, social
and cultural contexts: perceptions and opinions
regarding sustainability of forest biomass
harvesting are deeply related to local conditions.
In particular, concerning the perceived effects of
biomass harvesting on forest products provision,
probably the experts’ evaluations take into
consideration only the short-term effects of forest
biomass harvesting. Conversely, the international
© CFRI http://www.seefor.eu

literature shows that the long-term effects of
forest biomass harvesting are influenced by
complex relationships between harvesting and
site nutrients which include the magnitude of
nutrient removal and the rate of nutrient cycling
[56]. In particular, removal of site organic matter
and its associated nutrients may also reduce
the concentrations of base cations in soils and
foliage and adversely affect future productivity, if
site nutrient status is not managed [57].
Concerning the effects on the habitat quality,
the differences among case studies seem to
be due to the perspective of analysis assumed
by single experts. Most of the Italian experts
SEEFOR 6 (1): 77-95
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declared that in their opinion removing the
wood residues from forests decreases the risks
of insect pollution, pests and fires, and increases
the presence of different habitats. On the
other side, the experts of Triglav National Park
highlighted the negative effects of this activity
on saproxylic insects and other deadwooddependent organisms. Negative opinions of
Triglav National Park experts may also be related
to the fact that conservation objectives prevail
within the park area; outside the Triglav National
Park boundaries the opinions of experts could
be different. In fact, Nijnik et al. [58] assert that
the removal of residues and deadwood changes
pest population and composition and affect their
predator, while other authors evidence that the
normal utilization of wood residues after forest
operations has a negative impact on wildlife and
biodiversity [14, 59]. This negative effect is due
to the importance of deadwood components
(standing snags, stumps, fallen logs, broken off
tops and limbs, twigs) in order to supply food
and cover resources for many wildlife species
[60, 61]. In addition, Nijnik et al. [58] identified
three types of negative effects of residue and
deadwood extraction (logging residues attract
species laying eggs in the piles, soil disturbance
affects mosses and species reproducing in the
vegetation, and deadwood extraction leads to
habitat fragmentation for dependent species),
and only one positive impact (removing stumps
leads to an increase of sapling of deciduous
species).
In addition, most of experts of Veneto Region
(Mis and Maè valleys) affirmed that the long
practice of close-to-nature forest management
can always guarantee the preservation of forest
habitat and - at the same time - the wood cutting
can help the establishment of the right balance
between open areas and the forest itself. This is
important not only for recreational values but
also for the preservation of habitat mosaic and
for the major ecological variability. In general,
we cannot always affirm that the harvesting
operations, both of standing trees and other
biomass, tend to reduce the structural complexity
of a forest stand, but surely influence various
physical features of the forest landscape and
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consequently the recreational value. Moreover,
forest biomass harvesting can have positive
effects on biodiversity, but harvesting effects and
deadwood removal can also produce negative
effects on habitat. Management strategies and
policy measures must take into consideration
experts’ opinions and evaluations, weighting and
combining them in efficient ways.
Regarding the local development, the results
highlight that economic, social and environmental
dimensions derived from experts’ evaluations
must be combined from separate aspects to a
unified and multifaceted issue. For example, on
one side forest biomass harvesting is considered
as a source for local development, and a crucial
matter for local community aggregation; on
the other side, experts focused their attention
also on the possible impacts of biomass power
plants, especially for what concerns atmospheric
emissions.
In the case studies of Veneto Region, the
high scores that experts assigned to the effects
of biomass harvesting on employment, local
entrepreneurship and community aggregation
are related to the past tradition of wood
cutting and working. In fact most of the experts
perceived biomass harvesting as a practice that
could implement again forest related activities,
and this role is central as a source of job
opportunities to develop the area and maintain
people in their territory. Only two sub-indicators
show divergences between case studies: human
health and tourism. Most of Triglav National
Park’s experts during the interviews declared that
in their opinion bioenergy development is not a
tool to increase people participation in decision
making process and tourism flows. Besides,
around half of the Slovenian experts considered
as neutral the effects on human health, while the
Italian experts emphasized the positive effects
of wood residues removal regards to the insects
dangerous for human safety (e.g. Thaumetopoea
pityocampa L. and Thaumetopoea processionea
L.).
The two indicators related to the annual
potential energy and costs are deeply related to
local species characteristics (I3) and to the specific
conditions of work in the forest sector (I4). These
© CFRI http://www.seefor.eu
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indicators can be useful for decision makers in
order to carry out a cost-benefit analysis of forest
biomass for energy use. We can assert that the
most important indicators of FoM are the effects
of forest biomass harvesting on ESs and local
development (I1 and I2) because they include all
the most important environmental, economic and
social aspects. In order to take in consideration
the different relevance of indicators, in future
applications of FoM to assess the sustainability of
bioenergy the four indicators could be weighed
differently giving more weight to the effects on
ESs and local development.

Conclusions
In conclusion, the results of our research
show that, according to experts’ opinions, forest
biomass harvesting for energy has positive
effects on most of the ESs. In the specific,
environmental sustainability is important in
order to maintain a certain standing stock in
forest, a long term site productivity and a good
level of biodiversity [62]. Economic sustainability
is the engine for new business investments, the
innovative technologies development and the
local economic growth. In particular, the results
of this study confirm that the forest biomass use
for energy purpose could have positive effects on
the creation of new job opportunities and on the
diffusion of innovation. Social sustainability is
fundamental for ensuring successful formulation
and implementation of energy policy, in order
to reduce conflicts and improving cooperation
among the different groups of interest [63].
Besides, social sustainability is crucial in order
to reduce the divergences between local
community and decision makers, to increase the
inclusiveness of participatory decision making
process, and to decrease the conflicts between
land users [64]. The results confirm that the forest
biomass harvesting for energy could potentially
have positive effects on the quality of life of local
communities and social cohesion.
The proposed method based on FoM allows
comparing and evaluating synthetically the

© CFRI http://www.seefor.eu

single case studies in order to highlight any
critical points or inefficiencies. The advantages of
the method are the simplicity of implementation
and the possibility of taking into account
simultaneously qualitative variables (e.g. experts’
perceptions) and quantitative variables (e.g.
costs). The combined analysis of social, economic
and environmental sustainability can give clear
guidance to decision makers to improve the
efficiency of the use of forest biomass for energy,
reducing the effects on the environment in
general and the ESs in particular.
The main limit of the method is the inability
to consider all relevant aspects from the political
and technical point of view.
The future steps of the analysis will focus on
an integration of the indicators to be used in
the FoM in order to consider all aspects of forest
biomass harvesting for energy. Besides, the
method will be extended to a comparison of the
different renewable energies in the case studies
considered in the Recharge.green project.
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