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Bioenergy has a key role in the European Union (EU) policy aimed at enhancing

energy security and mitigating climate change. In the implementation of EU policy at

national, and—especially—at regional and local levels, the inclusion of stakeholders’

opinions is crucial to increase social acceptance and to reduce conflicts between

the parties. This study analyzes stakeholders’ opinions of biomass-based energy

development at the local level (Sarentino valley, South Tyrol region, Italy) by using

the SWOT (Strengths, Weaknesses, Opportunities, Threats)-AHP (Analytical

Hierarchy Process) approach. SWOT-AHP methodology was implemented in three

stages: stakeholders analysis, identification of the SWOT factors, and evaluation of

the SWOT factors. Strategic factors were evaluated using the outcomes of a question-

naire administered to five groups of stakeholders (public administrations, NGO and

associations, academia, farmers, and forest-wood chain actors). The results showed a

firm prevalence for the strengths (33.3%) and opportunities (32.9%) over the potential

threats (18.8%) and weaknesses (15%) of the actual bioenergy supply chain in

Sarentino valley. SWOT-AHP methodology could be useful in the development and

implementation of a local and regional participatory decision making process in the

forest-wood-energy supply chain as it can provide structural and quantified analysis

of the subjective preferences of the stakeholders. VC 2015 AIP Publishing LLC.

[http://dx.doi.org/10.1063/1.4916654]

I. INTRODUCTION

As a response to the increasing cross-cutting issues related to fossil fuel energy use, initia-

tives on biomass-based energy development have grown in the recent years at national and re-

gional level (Farinelli, 2004; Faaij, 2006; and Marangon et al., 2009). The increasing importance

of using biomass for energy is due to its multiple potential benefits that include: reduction of

carbon emissions when biomass is used instead of fossil fuels (Hall, 2002), increased utilization

of residues along the bioenergy supply chain, creation of new jobs and coverage of part of the

energy needs by local communities (Shabani et al., 2013).

According to the World Energy Outlook 2013 by International Energy Agency (2014), bio-

energy—energy from agricultural crops and residues, forest residues, wood, and municipal

wastes—has the highest share among the renewable alternatives in the world energy demand

(80%) and constitutes about 10% of the world’s energy budget with 50 EJ per year, which is

projected to increase up to 400 EJ per year by 2050 (de Vries et al., 2007 and Heinim€o and

Junginger, 2009).
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In Europe, bioenergy currently accounts for about 60% of the total renewable energy

(European Biomass Association, 2013). This percentage is expected to rise as a response to the

European Union (EU) countries commitment to have 20% contribution of renewable energy

resources in the energy consumption by 2020 (Renewable Energy Directive 2009/28/EC). In

order to achieve the target established by Directive 2009/28/EC, wood biomass from forests

could play an important role in the future as pointed out by some studies (Panichelli and

Gnansounou, 2008; Frombo et al., 2009; and Sacchelli et al., 2014). EUwood have estimated

that the EU’s forest biomass supply would increase by 11% from 2010 to 2030, while the

demand for forest biomass would increase by 73% (Mantau et al., 2010). Beurskens et al.
(2011) and Dees et al. (2011) estimated an increase in the use of renewable biomass equal to

the 8% of expected total increase in renewable energy use in EU member countries by 2020.

In Italy, the share of renewable energy source in total energy consumption was of 11.2% in

2011, while the energy from biomass accounted for about 50% of the energy consumption from

renewables. Wood and wood waste (residues) based energy amounted for about 25% of the

total renewable energies with 150 district heating plants (DHPs) located in Italy (ENEA, 2011

and European Biomass Association, 2013). According to Italian Biomass Association (ITABIA,

2008), the setup of an optimal forest management for energy purposes, using suitable working

practices and mechanization, could lead to higher wood energy availability.

The new Italian National Energy Strategy aimed at covering 17% of gross final energy con-

sumption by 2020 with renewable energy and by 2010 it succeeded in fulfilling the first interim

target with 10.4% share of renewable energy. The local public administrations (i.e., regions and

provinces) are obliged to implement Italian National Energy Strategy through the definition of

Regional Energy Plans (REPs). REPs are designed to introduce and expand the use of renewable

energy sources at regional level with the involvement of the local stakeholders. This means that

the implementation of local bioenergy policy could be more easily conveyed if stakeholders’ per-

spective on the policy and information of the current situation are to be included in the planning

or monitoring stage (Laihanen et al., 2013). Moreover, stakeholders’ insights combined with

expert knowledge could provide enriched information as a support tool for developing and imple-

menting new effective policies or revisiting existing strategies (Adams, 2004 and Johansson and

Turkenburg, 2004). In addition, understanding perceptions of stakeholders at local scale could

help reduce conflicts, increase social sustainability, and evoke cooperation among the different

stakeholder groups (Simmons and Lovegrove, 2005 and Bru~na-Garc�ıa and Marey-P�erez, 2014).

In the literature, many techniques have been proposed to analyze stakeholders’ opinions and

preferences (Mendoza and Prabhu, 2006; Kangas et al., 2006; Dom�ınguez, 2011; and Ananda

and Herath, 2008). One of the techniques currently used to assess stakeholders’ opinions is the

SWOT (Strengths, Weaknesses, Opportunities, Threats) analysis. The aim of using SWOT analy-

sis to a participative decision making process is to develop and adopt a strategy that represents

best the internal and external factors that are evidenced by the stakeholders. Recently, SWOT

analysis was combined with different MCDS (Multiple Criteria Decision Support) methods—such

as AHP (Analytic Hierarchy Process), SMART (Simple Multi-Attribute Rating Technique), and

SMAA (Stochastic Multi-criteria Acceptability Analysis) methods—to assess the relative impor-

tance of the SWOT factors (Kajanus et al., 2012). In particular, SWOT-AHP was applied for the

first time to evaluate local stakeholders’ opinions on adopting certification schemes in private for-

est farm (Kurttila et al., 2000). Subsequently, this methodology has found application in various

fields: Pesonen et al. (2001) analyzed the experts’ opinions on the possibility of Finnish forest

industry to invest in North America, while Duchelle et al. (2012) have analyzed the perceptions

of different stakeholder groups of developing integrated management of timber and Brazil nuts in

South America. Conversely, few case studies have used SWOT-AHP methodology to assess dif-

ferent stakeholders’ perspectives on the use of forest biomass for energy. Dwivedi and

Alavalapati (2009) assessed stakeholders’ perceptions of the potentials for biomass based energy

in southern United States, while Catron et al. (2013) used mixed SWOT-ANP (Analytic Network

Process) to quantify expert based perceptive on bioenergy development in Kentucky. However,

the use of SWOT-AHP to highlight the stakeholders’ perspectives of the use of forest biomass

for energy in European countries is very limited both at national and local level.
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Starting from these considerations, the first aim of the present paper is to apply the SWOT-

AHP methodology at local level in order to identify and analyze the opinions of different

groups of stakeholders (i.e., public administrations, NGO and associations, actors of private sec-

tor). The second aim of the paper is to give the premises for using SWOT-AHP methodology

on regional or national level, especially in places where there are potentials of creating and

enhancing such supply chain. In order to achieve these aims, SWOT-AHP methodology was

tested in a case study in an Alpine valley (Sarentino valley, South Tyrol province, Italy) charac-

terized by a high potential of biomass extraction.

We believe that the identification of significant stakeholders’ groups that support particular

functions in specific network of actors and practices could have much influence in implementa-

tion of bioenergy policy and, therefore, their perspectives should be more carefully addressed.

Our hypothesis is that positive features, in terms of social or economic outcome of the imple-

mentation of forest-wood-bioenergy (FWB) chain are recognized across different stakeholders

groups, since the activity under investigation has been set up using a bottom-up approach

(Bru~na-Garc�ıa and Marey-P�erez, 2014).

II. MATERIAL AND METHODS

A. Study area

South Tyrol province (North-East of Italy) commits to increase the energy efficiency and

to reduce the carbon dioxide emission using renewable energy sources up to 75% of the total

energy sources by 2020 and about 90% by 2050 (PAB, 2011). Bioenergy, using wood as bio-

mass feedstock, accounts for around 32% in the energy consumption on regional level. There

are 71 biomass district heating plants in South Tyrol that mainly use local wood and wood resi-

dues, and supply 734 GW h of heat per year to various hamlets and municipalities. According

to M€uhlberg and Stauder (2013) in South Tyrol, there is a considerable potential for using for-

est biomass, even though robust data are still absent.

The study area—Sarentino valley—is the most territorially extended valley in the province

with a total surface of 30 250 ha. The main land uses are forests (45.8%) and pastures (26.4%).

The forest standing stock amounts to 3.2 � 106 m3, while the annual volume increment is

51 239 m3/year. About 75% of the harvested wood (24 000 m3) is used for the timber industry,

while the remaining—low quality timber and residues (i.e., branches, barks, and top)—is used

to satisfy mainly the local energy demand (district heating and household self-consumption).

The average harvesting rate of wood for timber production and energy purposes is around 62%

of annual volume increment. The typical forest management consists in close-to-nature manage-

ment with selective cuttings. There are around 600 private forest owners each owning, on aver-

age, 23 ha of forest area. Part of them (80–100 owners) are members of the DHP Sarnthein and

are actively involved in the management of the DHP.

Low quality timber and wood residues from locally based forest activities (tops and

branches) are the main biomass feedstock for the bioenergy generation. In 2013, the DHP used

7130 m3 woodchips to provide about 9 � 106 kW h of heat. The length of the DHP net is

14.6 km and the network serves 890 users, representing 53% of the buildings in three most

populated hamlets (the rest of the households use biomass-fed stoves). The DHP was estab-

lished as a result of bottom-up driven idea to valorize the use of wood residues and low quality

timber and to meet the local energy demand: premises on upgrading the actual structure into

co-generation plant have been recently set up.

There are also 10 carpentries that use the local timber in their production system and only

one of them provides the DHP with around 30 m3 of sawdust. Besides, there is one sawmill

(84 employees) that annually produces about 50 000 m3 of volume of sawn timber and 30 000

m3 of sawmill by-products, mostly of which are sold out of the valley and the national borders.

Sarentino valley (Figure 1) was selected due to the existence of substantial forest area in

its territory, the potential role that the valley could have in meeting future local and regional

demand for cellulosic biomass and energy needs, as well as the public administration support in

promoting cellulosic biomass as a sustainable energy source.
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B. SWOT-AHP methodology

SWOT analysis is a qualitative method that structurally evaluates internal and external stra-

tegic factors that influence a new or existing activity in order to provide basis for adopting a

decision (Helms and Nixon, 2010). The strategic factors are grouped in four SWOT categories

called: strengths, weaknesses, opportunities and threats. The implementation of SWOT analysis

does not require high number of participants. Still, the selected interviewees should be very fa-

miliar or knowledgeable on the activity (product, service, or process) under investigation

(Dwivedi and Alavalapati, 2009 and Catron, 2013). SWOT analysis is considered as an impor-

tant step for the strategic management: it can be easily understood and, if structured to include

high quality information and involve different stakeholders groups, it could identify relevant

issues and priorities (Kangas et al., 2001).

The main drawback of SWOT analysis is that it assesses qualitatively the preferences for a

factor or category, but it lacks in quantifying the effect of each factor on the proposed plan or

strategy. Consequently, the importance of each factor or category in decision making cannot be

measured quantitatively (Shrestha et al., 2004). Thus, it is combined with AHP, which allows

to implement SWOT more analytically, by quantifying the relative importance of each factor

identified within and among the SWOT categories (Kurttila et al., 2000; Shrestha et al., 2004;

and Catron et al., 2013). This hybrid methodology between SWOT and AHP—called SWOT-

AHP or A’WOT—provides a quantitative measure of importance of each factor or category on

decision-making through pair-wise comparison (Kurttila et al., 2000).

1. Implementing SWOT-AHP

According to Shrestha et al. (2004), SWOT-AHP methodology can be implemented in

three stages: (1) stakeholders analysis; (2) identification of the SWOT factors; and (3) pairwise

comparison and evaluation of the SWOT factors.

During the first stage, all the stakeholders in the study area were identified in a brainstorm

session between the researchers and regionally based experts (i.e., representatives of local

FIG. 1. Sarentino valley and location of the Sarentino DHP.
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TABLE I. SWOT factors and categories.

SWOT factors and categories Description

Strengths

S1: Major propensity for collaboration between the actors

along the FWB chain

The bottom-up idea of the forest owners to create an added

value to wood and wood residues harvest resulted in the

establishment of Sarentino DHP. This has, in turn, intro-

duced a collaboration among the forest owners, and

between the forest owners and other actors along the chain

(e.g., forest enterprises).

S2: Use of local wood for bioenergy purposes The biomass feedstock consists of locally available wood

residues and low quality timber located within about 20 km

distance from the DHP.

S3: Additional income over time for private forest owners The price for the woodchips for the DHP is around 65 e/m3

whereas the costs of wood extraction can range from 25 e/

m3 to 40 e/m3, depending on the machinery used.

Weaknesses

W1: High wood extraction and transport costs Multiple factors, e.g., high altitude, and slope, poor accessi-

bility to the forest roads, changes in prices of fossil fuels,

absence of qualified workforce could have adverse effects

on the productivity and efficiency in the wood extraction,

leading to higher operation costs.

W2: High transactional costs for the DHP to ensure local

biomass availability

In order to obtain constant flow of forest biomass feedstock,

the DHP has to stipulate and revisit contracting terms and

logistics’ issues with each supplier of woodchips, which

could increase the transactional costs for the DHP itself.

W3: Absence of standards on the biomass quality (moisture

and size) on regional level

Every DHP within South Tyrol adopts different standards

on biomass quality (e.g., percentage of moisture, size of

woodchips), which could influence on the environmental

performance of the DHP

Opportunities

O1: Continuity of this wood-bioenergy to maintain the

active forest management in line with traditional practices

Optimal wood harvesting for energy purposes within the

sustainability constraints (the harvesting rate should not

exceed the annual increment) would enhance forest

management, while still maintaining a satisfactory rate of

deadwood for the biodiversity conservation and soil

fertility. In addition, this type of forest management should

reduce the risk of forest fire.

O2: Major use of wood residues of the local timber industry

to increase the efficiency of wood use along the forest-

wood-energy chain

Wood residues from the sawmill and carpentries located in

the valley are often exported outside the borders of the val-

ley. Increased use of these residues (in addition to the wood

residues from forest activity) could close the loop of the

wood valorization in the valley.

O3: Development of shared forest management strategies

among small forest owners

Small-forest owners could be involved in cooperation activ-

ities in order to increase the efficiency and decrease forest

management costs.

Threats

T1: Upgrading of the DHP (co-generation) could increase

wood biomass demand and wood biomass extraction fol-

lowed by major environmental negative impacts

The current utilization rate is 62% of the annual increment.

Increased use of wood (up to 100% of the annual incre-

ment) for bioenergy purposes could induce trade-offs

between the wood extraction and other forest ecosystem

services (carbon sequestration, hydrogeological protection,

flora and fauna).

T2: High presence of regional funding could distort eco-

nomically sustainable wood extraction

Present and potential uses of regional or European funding

for improved forest management or participation in projects

regarding bioenergy generation could distort the vision of

which forest and bioenergy activities are economically sus-

tainable, thus making the bioenergy supply chain vulnera-

ble in crises periods.
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Forest Service and Department of Mountain Economics of Bolzano). After this preliminary

stage 56 stakeholders were identified and classified in five main groups: representatives of pub-

lic administrations (14), members of research institutes and universities (7), NGOs and local

associations, namely, environmental associations and tourist associations (12), farmers and other

actors of the local and regional agro-forestry sector (15), and actors of the Sarentino forest sec-

tor (private forest owners, DHP, forest enterprises, farmers, wood artisans) directly involved in

the forest-wood-bioenergy chain (8).

In the second stage, a preliminary list of SWOT factors was made based on the outcomes

of regional projects and on literature that investigated the regional forest biomass supply for

energy purposes (M€uhlberg and Stauder, 2013). Next, the list was given to regionally based

experts that have already worked on the valorization of the forest-wood-energy chain in the val-

ley. Based on their observations, we modified the SWOT factors in order to resemble as much

as possible the forest-wood-energy chain in the valley. The final version of the SWOT factors

and categories and the respective explanation is shown in Table I.

In the third stage, the above mentioned SWOT factors were used to develop a question-

naire for pairwise comparison by using SWOT-AHP methodology. Before the submission of

the questionnaire, respondents were briefly introduced to the aim of the study and to the

description of the current situation of the forest-wood-energy supply chain in South Tyrol prov-

ince in general and Sarentino valley in particular. Questionnaire was submitted face-to-face and

it contained pairwise comparison between each factor and all other factors within the SWOT

category, and between each category and other categories in the SWOT. Respondents were

asked to reflect which of the two factors (or categories) under comparison was more important,

and then to assign a weight using “equal,” “moderate,” “strong,” “very strong” terms.

2. Data analysis

The SWOT-AHP analysis includes three steps. The first step is the stakeholder analysis,

followed by the identification of the SWOT factors that focus on a particular strategy or deci-

sion. The second step includes pairwise comparison for all factors followed by a calculation of

the priority value of each factor using the eigenvalue method. The outcomes of the pairwise

comparison are represented in a reciprocal matrix where the relative weight is expressed by aij

located at the right side of the diagonal and its reciprocal as 1=aij is located in the opposite

side of the diagonal

A ¼ ðaijÞ ¼

w1=w1 w1=w2 ::: w1=wn

w2=w1 w2=w2 ::: w2=wn

: : : :

: : : :

: : : :

wn=w1 wn=w2 ::: wn=wn

0
BBBBBBBBB@

1
CCCCCCCCCA

: (1)

In the matrix, the row indicates the relative weight of each factor with respect to the others.

When i ¼ j, then aij ¼ 1. Next, the transpose of the vector of the weights w is multiplied by

matrix A to obtain the vector represented by kmaxw, that follows the principle

TABLE I. (Continued.)

SWOT factors and categories Description

T3: Possible interruption in bioenergy provision As the future local energy demand will increase, possible

interruption of the energy provision could be expected.

This possible disservice could be of particular attention if

considering the remote geographic position of the valley.
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ðA� kmaxIÞw ¼ 0; (2)

where kmax is largest eigenvalue of matrix A and I is the identity matrix of size n. The value of

kmax is always positive, equal or higher than n (number of rows or columns in the matrix). The

consistency of the respondents information depends on how much the value of kmax deviates

from the value of n. In cases where kmax equals n, the responses are perfectly consistent (Saaty,

1987). The matrix A is, thus, tested for consistency using the following formula:

CI ¼ ðkmax � nÞ=ðn� 1Þ; (3)

CR ¼ CI=RI; (4)

where CR is the consistency ratio, RI is the expected consistency index obtained from random

generated comparisons of the same order n, and CR is the consistency ratio. Saaty (1987) has

computed and presented a list of RI estimates for positive reciprocal matrices of orders 2–14

(in our case RI ¼ 0:58). The value of CR should be lower or equal to 0.1 (10%) in order to

have consistency of the matrix A.

The third step involves the computation of the overall priority of the SWOT factors. The

global or overall priority score of the factor consists in multiplying the relative priority score of

the factor within the category group with the priority score of its corresponding category in the

overall SWOT category. In our case, the preference of each stakeholder group for a factor

(category) was calculated as a geometric mean of the individual preferences for the same factor

(category) provided by the members of the group.

III. RESULTS

Table II summarizes the results of overall priority scores of the factors for all the respond-

ents and for each stakeholders group. For the majority of the comparisons, the consistency ratio

resulted less than 0.1 (the only exception was the consistency ratio for the comparison between

factors in the category opportunity provided by the Academia members). Overall, respondents

emphasized the positive aspects (strengths and opportunities) of the valorization of forest biomass

for energy purposes (Fig. 2(a)). As an example, in Table II in the first stakeholders group (public

administrations), the global priority scores of the strengths (0.3979 or around 40%) and opportu-

nities (0.2884 or around 30%) accounted for about 70% and of the overall perception of using

the forest biomass for bioenergy purposes. The same interpretation is used for the relative priority

scores. For instance, the priority score of 0.3698 attributed to the continuity of the wood-
bioenergy to maintain the active forest management in line with traditional practices accounted

for about 37% of the overall opportunity group.

A. Public administrations

The second and third columns in Table II summarize the relative and global priority score

attributed by the representatives of public administrations, while Figure 2(b) highlights the pre-

dominance of the strengths (39.7%) and opportunities (28.9%) of the existing strategy of using

forest biomass for bioenergy purposes. For these stakeholders, the use of local wood for bioen-
ergy purposes was the key strength factor (about 41% of the category), while the continuity of
the wood-bioenergy to maintain the active forest management in line with traditional practices
was seen as the dominant factor among opportunities (37% as relative priority score). On the

other side, as a potential future threat was mainly the high presence of regional funding could
distort economically sustainable wood extraction with 48%, and as current weakness was the

high wood extraction and transport costs with 40%. Combined, the threats and weaknesses

groups accounted for about 31.3% of the overall public administrations’ perception.
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TABLE II. Priorities of the SWOT factors and categories. The numbers highlighted in bold indicate the factors of the SWOT categories with highest scores, while the underlined numbers represent the

highest overall priority scores of the category. N.S.¼ not significant (CI¼ 0.145> 0.10).

Public administrations NGO and associations Academia Farmers Actors in the forest sector

SWOT categories Priority score Global priority Priority score Global priority Priority score Global priority Priority score Global priority Priority score Global priority

Strengths 0.3979 0.2212 0.3779 0.3679 0.4150

S1 0.2565 0.1020 0.3282 0.0726 0.2784 0.1052 0.3118 0.1148 0.1487 0.0617

S2 0.4102 0.1632 0.3003 0.0664 0.2828 0.1069 0.2876 0.1058 0.3654 0.1517

S3 0.3333 0.1326 0.3716 0.0822 0.4389 0.1658 0.4006 0.1474 0.4859 0.2017

Weaknesses 0.1454 0.1664 0.0844 0.1421 0.1288

W1 0.3959 0.0576 0.3989 0.0664 0.4873 0.0411 0.4197 0.0597 0.4128 0.0532

W2 0.3178 0.0462 0.3951 0.0657 0.1897 0.0160 0.3388 0.0482 0.2713 0.0349

W3 0.2863 0.0416 0.2060 0.0343 0.3230 0.0273 0.2415 0.0343 0.3159 0.0407

Opportunities 0.2884 0.3878 N.S. 0.3837 0.3198 0.3653

O1 0.3698 0.1066 0.2942 0.1141 0.4933 0.1893 0.2793 0.0893 0.4505 0.1646

O2 0.3148 0.0908 0.4080 0.1582 0.1689 0.0648 0.1906 0.0610 0.1852 0.0676

O3 0.3154 0.0910 0.2978 0.1155 0.3377 0.1295 0.5301 0.1696 0.3644 0.1331

Threats 0.1683 0.2246 0.1540 0.1701 0.0909

T1 0.3317 0.0558 0.4242 0.0953 0.2514 0.0387 0.3261 0.0555 0.3195 0.0290

T2 0.4749 0.0799 0.2626 0.0590 0.6330 0.0975 0.3775 0.0642 0.3062 0.0278

T3 0.1933 0.0325 0.3132 0.0704 0.1156 0.0178 0.2963 0.0504 0.3743 0.0340
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B. NGOs and associations

For this stakeholders group, the future potentials (38.8%) outweigh the strengths (22.1%)

among the positive characteristics of the existing bioenergy scheme. The major use of wood
residues of the local timber industry to increase the efficiency of wood use along the FWB
chain—41% within the category—was seen as a predominant opportunity that could optimize

the flow of wood residues for local bioenergy purposes. Threats (22.5%) were slightly higher

than strengths (22.1%). In particular, within the threat category, this group has shown concerns

that upgrading the DHP (co-generation) could increase wood biomass demand and wood bio-
mass extraction followed by major environmental negative impacts (42.2%). The additional
income over time for private forest owners has obtained the 37.2% of the overall perception of

the strengths of the actual bioenergy supply chain, while the high wood extraction and trans-
port costs dominated the weaknesses category with 40%. A summarized perception map includ-

ing the overall priority schemes is shown in Figure 2(c).

C. Academia members

Perception map that includes the overall priority scores of each SWOT factor is shown in

Figure 2(d).

It is important to stress that the consistency ratio for the category opportunity resulted in

0.145 which is higher than 0.1, meaning that there is some inconsistency in the responses pro-

vided by the interviewees. Still, for the purpose of providing the complete photography of the

opinions of all different stakeholders, we decided to provide the results also for this category.

Opportunities (38.4%) and strengths (37.8%) dominated in this group perception of the for-

est biomass bioenergy chain. Academia members chose as their key opportunity factor the con-
tinuity of the wood-bioenergy to maintain the active forest management in line with traditional
practices with 49.3% share among the other factors. Similarly to the second stakeholders group,

the Academia members preferred the additional income over time for private forest owners
(43%) as a current strength in bioenergy supply chain. Among the threats (15.4% of the overall

SWOT categories), the high presence of regional funding could distort economically sustain-
able wood extraction has obtained around 63% of the overall potential future obstacles. Similar

to what stated by the previous stakeholders groups the high wood extraction and transport costs
has dominated in the weaknesses category with 48.7%.

FIG. 2. Perception maps of five stakeholders groups. SWOT factors further away from the origin are relatively more impor-

tant than factors closer to the origin. The graphic presentation of the factors was made using the corresponding global prior-

ity values. (a) All stakeholders; (b) members of local and regional administration; (c) NGOs and associations; (d) academia

members; (e) farmers; and (f) actors in the forest sector.
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D. Farmers

A graphic summary of the relative and global priority score attributed by farmers is

presented in Figure 2(e). Results highlight the prevalence of the strengths (36.8%) and opportu-

nities (32%) of using forest biomass for bioenergy purposes. For these stakeholders, the addi-
tional income over time for private forest owners is the dominant strength factor (about 41% of

the category), while the development of shared forest management strategies among small for-
est owners is seen as the most important factor among opportunities (53% as relative priority

score). The high presence of regional funding could distort economically sustainable wood
extraction is evidenced as main threat with 38%, while the high wood extraction and transport
costs is perceived as major weakness with 42%. Combined, the threats and weaknesses groups

account for about 31% of the overall farmers’ perception.

E. Forest sector actors

The actors of the forest sector directly involved with the bioenergy supply chain preferred

the strength (41.5%) and the opportunities (36.5%) over the weaknesses (12.9%) and threats

(9%) associated with the actual bioenergy strategy. In particular, economic aspects (additional
income over time for private forest owners) and enhanced forest management (continuity of this
wood-bioenergy to maintain the active forest management in line with traditional practices)

obtained the highest priority scores in strength (48.6%) and opportunity category (45.1%),

respectively. The possible interruption in bioenergy provision was the most significant factor in

threats category (37.4%), while the high wood extraction and transport costs (41.3%) was con-

firmed as the key weakness factor. Overlook of the stated perception of the proposed SWOT

categories is presented in Figure 2(f).

IV. DISCUSSION

This paper uses SWOT-AHP approach to assess the perceptions of five groups of stake-

holders related to the existence of forest biomass-based bioenergy chain in Sarentino valley.

The consistency ratio was higher than 0.1 (0.145) only in the stated perceptions of the

Academia members regarding the factors priority within the opportunities category. The first

reason for this inconsistency could be closely related to the existence of different (even oppos-

ing) preferences for and prioritization of the management and logistic strategies to be adopted

along the biomass supply chain. The members of the Academia group have different fields of

expertise ranging from wood harvesting and technology to protection and security of Alpine

environment, which could in some cases lead to divergent future options for the forest-wood-

energy chain. In addition, Margles et al. (2010) stated that, due to the high subjectivity in the

human preferences, one could expect that even participants within similar interest groups could

have different levels of strengths of preference for individual SWOT factors, leading to possible

inconsistency.

Overall, the results suggested that the stakeholders favored the strengths (33.3%) and

opportunities (32.9%) over the potential threats (18.8%) and weaknesses (15.0%) of the actual

bioenergy supply chain in Sarentino valley.

In particular, the presence of such chain, as perceived by the stakeholders, generates and

could potentially trigger a rural sustainable development encompassing economic (additional

income over time for the forest owners), social (collaboration among different actors), and envi-

ronmental current and potential benefits. Still, it is interesting to note some differences among

groups of stakeholders: the additional income over time for private forest owners is considered

as the most important strength factor by four groups out of five, while public administrations

considered the use of local wood for bioenergy purposes as a key strength factor. As for the lat-

ter, it is not a surprising outcome: the increased use of biomass from forests in Sarentino valley

and South Tyrol could provide an added value in the supply chain and could help the province

in becoming more independent from foreign energy supply (PAB, 2005). Currently 32 000 m3

of wood are harvested for both timber and bioenergy purposes (62% of the total annual
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increment). Recent study on the biomass supply potential in Sarentino valley showed that a rel-

atively sustainable wood harvesting could be obtained even in the case of extraction of 96% of

the total annual increment (51 000 m3): 4% could not be used due to the hydrogeological con-

straints. This means that additional 16 960 m3 per year (or a substantial part of it) could be

used as biomass feedstock in the Sarentino DHP (TIS innovation park, 2010). On the demand

side, as of 2013, 890 buildings (53%) in the most populated hamlets use the 9 � 106 kWh of

heat and this trend is expected to rise and reach an optimal heat distribution to the households

in Sarentino municipality. Unfortunately due to economically and technical difficulties related

to the position of the peripheral hamlets, full coverage of heating demand could not be feasible.

In addition, a legitimate idea of upgrading the DHP into a CHP (Combined Heat and Power)

plant would mean providing both heat and electricity from locally available renewable resource

also to those households that currently use forest residues for their individual stoves and for all

the inhabitants that use electricity from the national network.

The possibility for the forest owners to detain additional income was a key factor for the

Academia members in this study and this finding is very similar to what was obtain as an out-

come in the study of Catron et al. (2013). A study on the economic implications of using local

wood for bioenergy purposes in Sarentino valley showed an added value of about 30 e/m3 for

the forest owners that collaborate with the Sarentino DHP (TIS innovation park, 2013).

NGOs and associations preferred the additional income for the farmers over the other pro-

posed strengths, which differs significantly to what emerged in similar SWOT-AHP studies

(Duchelle et al. 2012 and Dwivedi and Alavalapati 2009). This might be due to the fact that

these organizations do not perceive the current forestry activities of a particular ecological or

recreational threat, and relate more to the economic situation of the individual forest owners.

Significant differences were found in the opportunities category: while the public adminis-

trations, the Academia and the actors in the forest sector preferred the continuity of the wood-
bioenergy to maintain the active forest management in line with traditional practices, the

NGOs opted for the major use of wood residues of the local timber industry to increase the effi-
ciency of wood use along the FWB chain and the farmers preferred the development of shared
forest management strategies among small forest owners. The preference of the farmers is in

line with their current status of the forest sector: many of them detain small forest areas and

shared strategies could help them improve their forestry activities or benefit from shared forest

strategies.

The NGOs and associations’ sector preferred major use of sawmills’ residues as biomass

feedstock, which could represent viable solution to feed potentially increased bioenergy require-

ments of the DHP and to optimize the wood utilization across the supply chain. Currently, only

one carpentry provides 30 m3 to the DHP, while the rest of the carpentries and the sawmill

export a fairly high amount of wood residues. The use of the sawmill by-products (30 000 m3)

could represent a game changer in the effort of closing the loop in the forest-wood-bioenergy

chain in the valley. Careful proposal to include the sawmill as local provider of defined amount

of wood by-products at fixed price (as it is done for the forest owners) could also create a pre-

mise for a regional circular economy related to the bioenergy sector. This option seems more

grounded when we consider a potential threat of intensified wood harvesting on several catego-

ries of ecosystem services in addition to hydrogeological protection. Verkerk et al. (2014)

investigated the relationship between the intensive extraction of roundwood and wood residues,

and their impact to the forest ecosystem services across 3 different scenarios (baseline, bioen-

ergy development, and biodiversity targets). They found a significant trade-offs between the

increased wood harvesting on the one hand and carbon sequestration, habitat services (dead-

wood as a proxy), and recreation attractiveness, on the other hand. Several authors evidence

that the use of forest residues for energy has a negative impact on wildlife and biodiversity

(IEA, 2002), while Nijnik et al. (2014) identified three types of negative impacts 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. Higher energy supply for Sarentino valley with
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potentially negative environmental impacts was also the major future concern among the mem-

bers of the NGOs and associations in the SWOT-AHP survey.

Local and regional policies concerning the use of forest wood residues for energy purposes

should incorporate in the decision making process (or revaluation process) the potential positive

externalities in terms of enhancement of active forest management, which, in the case of the

South Tyrol valleys, was once present in the traditional forestry activities. The outcomes of this

study showed that the improved forest management is considered as important opportunity fac-

tor in Sarentino bioenergy chain by local forest owners, but also by Academia members and

forest policy experts and regional public administrations.

Potential misperception of the economically sustainable wood extraction could be induced

by the presence of regional and European funding according to three groups of stakeholders

(public administrations, Academia members and farmers). In general, it is economically chal-

lenging for the local forestry in mountainous areas in South Tyrol to perform timber and resi-

dues harvesting (M€uhlberg and Stauder, 2013). In fact, the results of this study showed that all

of the stakeholders’ groups unanimously perceive high extraction and transportation costs of

wood residues as the most important weakness in the category. One possible way to address

this weakness is through regional and European contributions and incentives. Still, this could

often be perceived as the only solution for the forestry activities, and, as consequence, many

forest management decisions and practices take into an account the presence of external contri-

bution. Nevertheless, there are also other strategies that could lessen the economic burden of

the wood harvesting. One of them could be a careful reconsideration and preliminary identifica-

tion of the fixed costs and extended implementation of co-ownership of the more recent ma-

chinery technology or transportation scheme. Special efforts could be put in craving bottom-up

project or strategy capable of providing common bases for shared forest management among

owners of small parcels of forest. The establishment of FOC (forest owners cooperation) could

be seen as an interesting opportunity that could include many of the small-scale forest owners.

In his study, Rauch (2007) presented an FOC reality in Sweden where the cooperation could

act as a broker between the forest owner and the buyer (DHP, sawmill), ensuring optimal prices

for the former and reliable quantity and quality of wood and residues (moisture and size) for

the latter. The forest owners are also members of the organization, can earn dividends and can

have right to vote regardless of the size of the property. There are two strategies for wood sup-

ply of this FOC: the first one is to purchase the timber as a stumpage in cases where the forest

owner does not harvest the timber. This could be the case for the forest owners that are over-

loaded with agricultural work and do not have human and machinery resources to ensure a sta-

ble timber supply. The other strategy of this FOC is to purchase the timber and residues at the

forest road in cases the forest owners decide to harvest the wood themselves. In this case, sev-

eral scenarios could be adopted to use the FOC’s machinery for the forest owners, by applying

small fee for the use. The choice of machinery should be based on its productivity (high-mech-

anized) and with the lowest environmental impacts (i.e., soil compaction). The initial purchase

of the machinery by FOC could be sustained by the local or regional institution, but the FOC

should be capable to deal with the operation costs through the years.

V. CONCLUSIONS

This case study aimed at analyzing current perceptions of an actual bioenergy supply chain

by applying SWOT-AHP methodology to as many as possible actors along this chain and stake-

holders indirectly involved in the biomass-based energy development in Sarentino valley.

The results showed that positive characteristics of the bioenergy supply chain, like use of

local wood and additional income for the forest owners outweighed the current and future

obstacles that, however, should not to be disregarded.

In fact—although the potential use of additional 17 000 m3 of wood and residues would

mean as twice as double provision to the DHP in the foreseen increase of energy supply—there

are some structural changes that could be implemented to make sure that there would be a con-

stant wood supply from local providers without high environmental and social negative
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externalities. For instance, plausible scenarios would necessarily involve other existing and new

actors in the wood market. Sawmills and carpentries could have important role in ensuring that

the processed wood by-products do not flow out of the valley, but instead, through favorable

contract terms, the same wood flow could be used in future heat and electricity production.

Promoting cooperation among forest owners between various phases of the bioenergy supply

chain (extraction, transport, wood processing, and heat production), would address the high

extraction and transportation costs and the inclusion of small-scale forest owners.

The SWOT-AHP method is a useful tool to analyze in hierarchical manner stakeholders’

preferences and priorities, to increase and improve the information available to political deci-

sion makers in order to define or readdress the local energy policy. Besides, this methodology

can be used as an instrument of communication and information of social actors in the partici-

patory decision-making process. The knowledge of the preferences and opinions of different

stakeholder groups can predict and therefore prevent any conflicts between groups before the

decision making process.

We believe that the SWOT-AHP methodology gets the most interesting application results

when it is used at regional or local levels, because it enables to tailor the description of the

strategic factors to the local context, and to include much more beneficiaries, including those

that will have direct impact from the policy. Finally, we assert that the analysis of stakeholders’

opinions and preferences of biomass-based energy development strategies should be an essential

starting point every time that a regional energy policy with local impact is implemented.

Adams, D., “Usable knowledge in public policy,” Aust. J. Publ. Adm. 63, 29–42 (2004).
Ananda, J. and Herath, G., “Multi-attribute preference modelling and regional land-use planning,” Ecol. Econ. 65, 325–335

(2008).
Beurskens, L. W. M., Hekkenberg, M., and Vethman, P., Renewable Energy Projections as Published in the National

Renewable Energy Action Plans of the European Member States (ECN and EEA Brussels, 2011), see http://www.ecn.nl/
docs/library/report/2010/e10069.pdf.

Bru~na-Garc�ıa, X. and Marey-P�erez, M., “Public participation: A need of forest planning,” iForest 7(4), 216–226 (2014).
Catron, J., Stainback, G. A., Dwivedi, P., and Lhotka, J. M., “Bioenergy development in Kentucky: A SWOT-ANP analy-

sis,” For. Policy Econ. 28, 38–43 (2013).
de Vries, B. J. M., van Vuuren, D. P., and Hoogwijk, M. M., “Renewable energy sources: Their global potential for the

first-half of the 21st century at a global level: An integrated approach,” Energy Policy 35(4), 2590–2610 (2007).
Dees, M., Yousef, A., and Ermert, J., “Analysis of the quantitative tables of the national renewable energy action plans pre-

pared by the 27 European Union member states in 2010,” BEE Working Paper D7.2, Biomass Energy Europe Project,
Freiburg: FELIS-Department of Remote Sensing and Landscape Information Systems, University of Freiburg, 2011.

Dom�ınguez, T. G., “A wish, a fear and a complaint: Understanding the (dis)engagement of forest owners in forest man-
agement,” Eur. J. For. Res. 130, 435–450 (2011).

Duchelle, A. E., Guariguata, M. R., Less, G., Albornoz, M. A., Chavez, A., and Melo, T., “Evaluating the opportunities and
limitations to multiple use of Brazil nuts and timber in Western Amazonia,” For. Ecol. Manage. 268, 39–48 (2012).

Dwivedi, P. and Alavalapati, J. R. R., “Stakeholders’ perceptions on forest biomass-based bioenergy development in the
southern US,” Energy Policy 37(5), 1999–2007 (2009).

ENEA (Agenzia nazionale per le nuove tecnologie, l’energia e lo sviluppo economico sostenibile), Quaderno: Biomasse e
Bioenergia (in English: Biomass and Bioenergy), Rome, 2011, see http://www.enea.it/it/enea_informa/documenti/qua-
derni-energia/biomasse.pdf.

European Biomass Association, European Bioenergy Outlook 2013 (AEBIOM, Brussels, 2013), p. 120.
Faaij, A. P. C., “Bio-energy in Europe: Changing technology choices,” Energy Policy 34(3), 322–342 (2006).
Farinelli, U., “Renewable energy policies in Italy,” Energy Sustainable Dev. 8(1), 58–66 (2004).
Frombo, F., Minciardi, R., Robba, M., and Sacile, R., “A decision support system for planning biomass-based energy

production,” Energy 34, 362–369 (2009).
Hall, J. P., “Sustainable production of forest biomass for energy,” For. Chron. 78(3), 391–396 (2002).
Heinim€o, J. and Junginger, M., “Production and trading of biomass for energy—An overview of the global status,”

Biomass Bioenergy 33(9), 1310–1320 (2009).
Helms, M. M. and Nixon, J., “Exploring SWOT analysis—Where are we now?: A review of academic research from the

last decade,” J. Strategy Manage. 3(3), 215–251 (2010).
IEA, Sustainable Production of Woody Biomass for Energy (International Energy Agency Bioenergy, Rotorua, 2002), p.

12.
IEA (International Energy Agency), World Energy Outlook 2013 (International Energy Agency, Paris, 2014), p. 708.
ITABIA (Italian Biomass Association), Goals of Bioenergy in Italy, Key elements for 2020 objectives, 2008, see http://

www.globalbioenergy.org/uploads/media/0810_ITABIA_-_2008_Report_-_Goals_of_bioenergy_in_Italy.pdf.
Johansson, T. B. and Turkenburg, W., “Policies for renewable energy in the European Union and its member states: An

overview,” Energy Sustainable Dev. 8(1), 5–24 (2004).
Kajanus, M., Leskinen, P., Kurttila, M., and Kangas, J., “Making use of MCDS methods in SWOT analysis—Lessons learnt

in strategic natural resources management,” For. Policy Econ. 20, 1–9 (2012).

023117-13 Nikodinoska et al. J. Renewable Sustainable Energy 7, 023117 (2015)

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:

193.205.210.41 On: Thu, 09 Apr 2015 06:53:35

http://dx.doi.org/10.1111/j.1467-8500.2004.00357.x
http://dx.doi.org/10.1016/j.ecolecon.2007.06.024
http://www.ecn.nl/docs/library/report/2010/e10069.pdf
http://www.ecn.nl/docs/library/report/2010/e10069.pdf
http://dx.doi.org/10.3832/ifor0979-007
http://dx.doi.org/10.1016/j.forpol.2012.12.003
http://dx.doi.org/10.1016/j.enpol.2006.09.002
http://dx.doi.org/10.1007/s10342-009-0332-0
http://dx.doi.org/10.1016/j.foreco.2011.05.023
http://dx.doi.org/10.1016/j.enpol.2009.02.004
http://www.enea.it/it/enea_informa/documenti/quaderni-energia/biomasse.pdf
http://www.enea.it/it/enea_informa/documenti/quaderni-energia/biomasse.pdf
http://dx.doi.org/10.1016/j.enpol.2004.03.026
http://dx.doi.org/10.1016/S0973-0826(08)60391-9
http://dx.doi.org/10.1016/j.energy.2008.10.012
http://dx.doi.org/10.5558/tfc78391-3
http://dx.doi.org/10.1016/j.biombioe.2009.05.017
http://dx.doi.org/10.1108/17554251011064837
http://www.globalbioenergy.org/uploads/media/0810_ITABIA_-_2008_Report_-_Goals_of_bioenergy_in_Italy.pdf
http://www.globalbioenergy.org/uploads/media/0810_ITABIA_-_2008_Report_-_Goals_of_bioenergy_in_Italy.pdf
http://dx.doi.org/10.1016/S0973-0826(08)60387-7
http://dx.doi.org/10.1016/j.forpol.2012.03.005


Kangas, A., Laukkanen, S., and Kangas, J., “Social choice theory and its applications in sustainable forest management—A
review,” For. Policy Econ. 9, 77–92 (2006).

Kangas, J., Pesonen, M., Kurttila, M., and Kajanus, M., “A’WOT: Integrating the AHP with SWOT Analysis,” in
Proceedings of the 6th International Symposium on the Analytic Hierarchy Process, Berne, Switzerland (2001).

Kurttila, M., Pesonen, M., Kangas, J., and Kajanus, M., “Utilizing the analytic hierarchy process (AHP) in SWOT analy-
sis—A hybrid method and its application to a forest-certification case,” For. Policy Econ. 1(1), 41–52 (2000).

Laihanen, M., Karhunen, A., and Ranta, T., “Possibilities and challenges in regional forest biomass utilization,”
J. Renewable Sustainable Energy 5, 033121 (2013).

Mantau, U., Saal, U., Prins, K., Steierer, F., Lindner, M., Verkerk, H., Eggers, J., Leek, N., Oldenburg, J., Asikainen, A.,
and Anttila, P., “EUwood—Real potential for changes in growth and use of EU forests,” Final Report, Hamburg, 2010, p.
160.

Marangon, F., Prestamburgo, S., Sturiale, L., and Troiano, S., “Gli incentivi rivolti allo sviluppo delle bioenergie prodotte
dal settore agroforestale,” in Fonti energetiche rinnovabili, ambiente e paesaggio rurale, edited by M. Reho (Franco
Angeli, Milano, Italia, 2009), pp. 153–200 (in English: Incentives for the development of bioenergy produced from agri-
cultural and forestry sector).

Margles, S. V., Mazonera, M., Rugyerinyange, L., and Kaplin, L., “Participatory planning: Using SWOT-AHP analysis in
buffer zone management planning,” J. Sustainable For. 29(6–8), 613–637 (2010).

Mendoza, G. A. and Prabhu, R., “Participatory modeling and analysis for sustainable forest management: Overview of soft
system dynamics models and applications,” For. Policy Econ. 9, 179–196 (2006).

M€uhlberg, C. and Stauder, M., “Regional Profile of the Biomass Sector in South Tyrol, Italy,” FOROPA Biomass to the
Masses Project, 2013, see http://www.foropa.eu/files/country_reports/sudtirol_report_v04.pdf.

Nijnik, M., Slee, B., and Nijnik, A., “Biomass production: Impacts on other ecosystem services,” in What Science Can Tell
Us: Forest Bioenergy for Europe, edited by P. Pelkonon, M. Mustonen, A. Asikainen, G. Egnell, P. Kant, S. Ledue, and
D. Pettenella (European Forest Institute, Joensuu, Finland, 2014), pp. 82–89.

PAB (Provincia Autonoma di Bolzano), Legno energia locale (Ufficio Risparmio Energetico, Bolzano, 2005), p. 41 (in
English: Local wood and energy).

PAB (Provincia Autonoma di Bolzano), Piano Clima. Energia-Alto Adige-2050 (Dipartimento all’urbanistica, ambiente ed
energia, Bolzano, 2011), p. 104 (in English: Climate Plan. Energy-South Tyrol-2050).

Panichelli, L. and Gnansounou, E., “GIS-based approach for defining bioenergy facilities location: A case study in
Northern Spain based on marginal delivery costs and resources competition between facilities,” Biomass Bioenergy 32,
289–300 (2008).

Pesonen, M., Ahola, J., Kurttila, M., Kajanus, M., and Kangas, J., “Applying A’WOT to forest industry investment strat-
egies: Case study of a Finnish company in North America,” in The Analytical Hierarchy Process in Natural Resource
and Environmental Decision Making, edited by D. L. Schmoldt, J. Kangas, G. H. Mendoza, and M. Pesonen (Kluwer
Academic Publisher, Dordrecht, Netherlands, 2001), pp. 187–198.

Rauch, P., “SWOT analyses and SWOT strategy formulation for forest owner cooperations in Austria,” Eur. J. For. Res.
126(3), 413–420 (2007).

Saaty, R. W., “The analytic hierarchy process—What it is and how it is used,” Math. Model. 9(3–5), 161–176 (1987).
Sacchelli, S., Bernetti, I., De Meo, I., Fiori, L., Paletto, A., and Ciolli, M., “Matching socio-economic and environmental

efficiency of wood-residues energy chain: A partial equilibrium model for a case study in Alpine area,” J. Cleaner Prod.
66(1), 431–442 (2014).

Shabani, N., Akhtari, S., and Sowlati, T., “Value chain optimization of forest biomass for bioenergy production: A review,”
Renewable Sustainable Energy Rev. 23, 299–311 (2013).

Shrestha, R. K., Alavalapati, J. R., and Kalmbacher, R. S., “Exploring the potential for silvopasture adoption in south-
central Florida: An application of SWOT–AHP method,” Agric. Syst. 81(3), 185–199 (2004).

Simmons, J. and Lovegrove, I., “Bridging the conceptual divide: Lessons from stakeholder analysis,” J. Organ. Change
Manage. 18(5), 495–513 (2005).

TIS innovation park, Biomassa locale per il teleriscaldamento di Sarentino, 2010, see https://tis.bz.it/it/cluster/legno-tecn-
ica/news/biomassa-locale-per-il-teleriscaldamento-di-sarentino.

TIS innovation park, Ermittlung der regionalen Wertsch€opfung durch die energetische und stoffliche Nutzung von Holz in
S€udtirol (EURAC, Bolzano, 2013), see http://tis.bz.it/de/cluster/holz-technik/projekte/Endbericht_WS_Foropa_CM_final.pdf.

Verkerk, P. J., Mavsar, R., Giergiczny, M., Lindner, M., Edwards, D., and Schelhaas, M. J., “Assessing impacts of intensi-
fied biomass production and biodiversity protection on ecosystem services provided by European forests,” Ecosyst. Serv.
9, 155–165 (2014).

023117-14 Nikodinoska et al. J. Renewable Sustainable Energy 7, 023117 (2015)

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:

193.205.210.41 On: Thu, 09 Apr 2015 06:53:35

http://dx.doi.org/10.1016/j.forpol.2005.02.004
http://dx.doi.org/10.1016/S1389-9341(99)00004-0
http://dx.doi.org/10.1063/1.4809790
http://dx.doi.org/10.1080/10549811003769483
http://dx.doi.org/10.1016/j.forpol.2005.06.006
http://www.foropa.eu/files/country_reports/sudtirol_report_v04.pdf
http://dx.doi.org/10.1016/j.biombioe.2007.10.008
http://dx.doi.org/10.1007/s10342-006-0162-2
http://dx.doi.org/10.1016/0270-0255(87)90473-8
http://dx.doi.org/10.1016/j.jclepro.2013.11.059
http://dx.doi.org/10.1016/j.rser.2013.03.005
http://dx.doi.org/10.1016/j.agsy.2003.09.004
http://dx.doi.org/10.1108/09534810510614977
http://dx.doi.org/10.1108/09534810510614977
https://tis.bz.it/it/cluster/legno-tecnica/news/biomassa-locale-per-il-teleriscaldamento-di-sarentino
https://tis.bz.it/it/cluster/legno-tecnica/news/biomassa-locale-per-il-teleriscaldamento-di-sarentino
http://tis.bz.it/de/cluster/holz-technik/projekte/Endbericht_WS_Foropa_CM_final.pdf
http://dx.doi.org/10.1016/j.ecoser.2014.06.004

