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Decision makers make decisions taking into account many different factors. That
is why different experiences, living standard and other ,,non-technical“ condi-
tions may lead to different decisions in different countries, or even regions of the
same country. This paper deals with information gathered through a survey made
among experts already dealing with different aspects of biomass use. Recognized
factors influencing the wider use of biomass are arranged in a strengths, weak-
nesses, opportunities, and threats matrix. This matrix is used as a base to gather
the opinions of the experts interviewed. Conclusions were made taking into ac-
count the most influential factors on the decision making process in biomass use
according to the results. The questions of the survey were chosen according to
existing results, as well as based on the authors’ own experience and estimated
relevance to the situation of the country analyzed (Republic of Serbia). The sur-
vey analysis covered the responses of 62 national experts in this field. Based on
the gathered data, a proper multi-criteria analysis was done using the analytic
hierarchy process and analytic network process methods. Afterwards, recom-
mendations and comments to the decision makers and developers of national en-
ergy strategies are presented.

Key words: biomass use, multi-criteria analysis, strengths, weaknesses,
opportunities, and threats, analytic hierarchy process,
analytic network process, energy policy

Introduction

In order to form an applicable and sustainable energy policy, all influencing factors
need to be identified, analyzed and processed. Based on that analysis, a list of achievable goals
needs to be defined, together with a roadmap for their achievement. The roadmap must be un-
ambiguous and carefully developed. For the successful implementation of the developed energy
policy and strategy, it is necessary that the document reflects the current status in the field, as
well as the opinion of experts and actors who will pursue the objectives proclaimed in the
strategy. There are numerous papers presenting the advantages of biomass use. The potential
and use of biomass in the Republic of Serbia are not analyzed in this paper. However readers
interested in this topic are directed to previously published papers on this subject [1-4].
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The authors of this paper have identified and selected some of the most important
regional factors which can influence wider biomass use in the region. For the identification
and analyses of these factors, a strengths, weaknesses, opportunities, threats (SWOT) matrix
was used. This approach is widely used in many other situations, sectors, and purposes and
has proven to give satisfactory results. The SWOT matrix developed was used to carry out an
investigation of the opinions of national experts on this topic. The results were processed using
the multi-criteria analysis tools presented in the following text. The results, based on multi-
-criteria decision analysis (MCDA), are used to make recommendations to energy policy crea-
tors about the thinking of experts in the biomass energy field; what they find to be important
to be resolved and clarified to achieve wider biomass utilization in the region.

The MCDA tools - state-of-the-art

In order to make a decision, the decision maker should have sufficient quality in-
formation, analyzed according to set criteria. A criterion is a means by which a particular ac-
tion can be chosen to be more desirable than another. In the field of multi-criteria decision
making problems, a decision maker uses several criteria to make such judgments.

Experts can provide help to policy makers in making appropriate decisions with
their own specialized in-depth knowledge (or perception of things as they are) [5, 6]. Since it
is almost impossible to analyze the perception of the many factors influencing the process of
decision making without some kind of mathematical approach, it has become common to as-
sign numerical values to the linguistic descriptions.

Multi-criteria decision analysis is a discipline that encompasses mathematics, man-
agement, informatics, psychology, social science, and economics. A large number of methods
have been developed to solve multi-criteria problems. This development is ongoing [7] and
the number of academic MCDA -related publications is steadily increasing.

After psychological experiments done by Miller [8] during the fifties of the twenti-
eth century, where it was proved that human mind cannot process more than seven plus/minus
two pieces of information at a time, Saaty and Vargas [9] derived the pairwise comparison
scale from 1 to 9 which became an acceptable standard for this kind of analysis. We have
used this approach and scale to nine in gathering data from interviewees and forming weight
coefficients.

This pairwise comparison became the foundation used in several multi-criteria deci-
sion tools, e. g. analytic hierarchy process (AHP), analytic network process (ANP), efc. [7].

There are several multi-criteria decision analysis tools (AHP, ANP, and combinations
SWOT-AHP, SWOT-ANP, etc.). Some are listed, divided by type of problem solving [7]:

— choice problems — AHP, ANP, MAUT/UTA, MACBETH, PROMETHEE, ELECTRE 1,
TOPSIS, Goal Programming, DEA,

— ranking problems — AHP, ANP, MAUT/UTA, MACBETH, PROMETHEE, ELECTRE
111, TOPSIS, DEA,

— sorting problems — AHPSort, UTADIS, FlowSort, ELECTRE-III, and

— description problems — Gaia, FS-Gaia.

Considering the number of MCDA methods available, the decision maker is faced with
the arduous task of selecting an appropriate decision making support tool, and often the choice
can be difficult to justify. None of the methods is perfect. They also cannot be universally ap-
plied to all problems. Each method has its own limitations, particularities, hypotheses, premises,
and perspectives [7]. This paper describes briefly only the tools which are used in combination
with SWOT. These are AHP and ANP analysis. The SWOT analysis itself originated from the
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works of business policy academics at Harvard Business School and other American business
schools from the 1960s [10]. The methodology presented in this paper, SWOT-ANP, is not pre-
sented in this paper for biomass related analyses for the first time. To the knowledge of the au-
thors of this paper, there was one previous paper applying this methodology [11]. The main con-
tribution of the work is the use of both SWOT-AHP and SWOT-ANP analyses and to recom-
mend strategies according to the results obtained at the state level to support biomass use.

Methodology used

The first developed SWOT-AHP was described in Kurttila et al. [12]. Despite its
advantages compared to the simple use of SWOT strategic tools, AHP also has limitations. It
is assumed that the factors analyzed are mutually independent, whereas ANP analysis takes
into account their mutual dependence, as well.

The AHP was developed by Saaty [13, 14] and this method has proved to be particu-
larly useful when the decision maker is unable to construct a utility function. A basic premise
of AHP is that knowledge actually represents our instinctive sense of the way the things really
are [9].

A combination of SWOT and AHP can be used as a tool in the decision making pro-
cesses.

The SWOT-AHP/ANP analyses were made of the results of a survey conducted
among 62 expert participants at a specialized biomass session during the 8" Clean Energy
Technologies Forum 2014, held in Novi Sad, Serbia, and it was based on a previously de-
livered paper [15, 16]. These participants were people from the academic, industrial, mu-
nicipal, and political arenas dealing with and interested in the application of different bio-
mass fields. In the first part the participants were asked to estimate the influence of three
criteria of SWOT analysis on the enhancement of the remaining one (i. e. how much more
one element dominates another from absolute domination represented by 9, decreasing to 1
representing equal importance, and then increasing to absolute domination of the second
factor represented by 9). In the second part of the survey the participants were asked to es-
timate the relative importance of the criteria inside the same group (SWOT) assigning to
them a numerical value in the manner previously described. The criteria in these groups
were chosen by the authors of the paper based on the authors previous experience and
knowledge, and they were checked through the presentations delivered earlier [15], and
during the work on projects mentioned in the section Acknowledgments. It had to be done
in this manner, because of the technical impossibility of doing this part of the research with
the same sample group of experts, i. e. to first allow them to list all of the factors in their
opinion for each of four SWOT groups, and to immediately decide which are the most in-
fluential and then to offer the 2™ part of the survey.

The survey was constructed following the basic idea developed by Saaty and Vargas
[9]. The fundamental scale according to [9] and other authors using Saaty's ideas, e. g. [11], is
described: 1 = equal importance, 3 = weak importance of one over another, 5 = strong (or es-
sential) importance, 7 = demonstrated importance, and 9 = Absolute (extreme) importance.

Explanations are given for the following intensities of importance: 1, 3, 5, 7, and 9
and ranges from Two activities contribute equally to the objective (1) to The evidence favor-
ing one activity over another is of the highest possible order of affirmation (9). Saaty also as-
sumes that if activity "i" has a non-zero number assigned to it when compared to activity "j",
then /" has a reciprocal value when compared to "i". A detailed overview of the survey is
given in [16].
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In order to use AHP the user needs to complete four steps in order to rank the alter-
natives. The problem has to be structured first. Then, the scores (priorities) are calculated
based on the pairwise comparisons provided by the users. After that a consistency check and a
sensitivity analysis can be carried out. Both these steps are optional, but useful as a check of
the robustness of the results.

The comparison matrices are made using the pairwise comparisons between the cri-
teria. These matrices are reciprocal, because the lower triangle is reversible according to the
upper triangle, and comparisons on the main diagonal are 1, because at these locations the cri-
terion is compared with itself.

The pairwise comparisons among the criteria in each of the groups of a SWOT are
usually presented in a matrix with their weights wy, w», ..., w,,. If this matrix is multiplied by
the column vector (wy, ws, ..., w,) the following vector is obtained nw: An = nw, where n is
the eigenvalue of 4 (a root of the characteristic equation of 4) if this equation has a non-zero
solution.

After the matrix 4 is made (for each of the analyzed cases, i. e. four matrices are
made for general criteria in the SWOT matrix, and four matrices are made for criteria which
constitute each of the general criteria SWOT), the normalized matrix is made, and finally, the
priorities of each of the analyzed matrix component (each matrix is 3x3) are calculated. The
priorities represent the relative impacts of the criteria.

It is also necessary to check the consistency ratio (CR). In this paper it was done by
CR calculation. The CR tells us how consistent the examined experts are in their answers. The
CR is calculated by dividing the consistency index (CI) and random consistency index (RI).
The CI is calculated as a ratio of (A — 1) and (n — 1), where Ay is the maximum eigen-
value of the matrix and # is the number of criteria (3 in this case, since the matrix is 3x3). An
ideal case, when the comparison matrix is fully consistent, will be represented by 4 = n. The
RI represents the consistency of a randomly generated pairwise comparison matrix. Since the
number of items compared in the matrix was 3, for RI a value of 0.58 was used.

A higher number means less consistency, whereas a lower number means higher
consistency. In general, if the CR is 0.10 or less, the decision maker's answers are relatively
consistent. For a CR that is greater than 0.10, but less than 0.2 the decision maker can consi-
der re-evaluating the responses during the pairwise comparisons that were used to obtain the
original matrix of pairwise comparisons, while for a consistency ratio bigger than 0.2, a re-
evaluation should be considered.

Pairwise comparisons among the influences of two chosen groups of SWOT analy-
sis to each of the group elements (e. g. influence of weaknesses and opportunities group to the
enhancement of the strengths, efc.) were made according to the results of the survey conduct-
ed. After that an analysis was made according to the pairwise comparisons between the fac-
tors of each of the groups analyzed (comparisons between the influences of two factors in the
group of SWOT). The factors inside these four groups of SWOT matrix were chosen by the
authors of this paper as relevant for the current situation in Serbia. The SWOT matrix is
shown in tab. 1.

As well as the presented factors influencing decisions on biomass use, this renewa-
ble energy sources has a wider and stronger relation to and benefits for economic and social
development. These aspects are exceptionally important and for this reason the increased use
of this renewable energy resource at the national level is in the interests of Government and
national energy policy makers. The social aspect of biomass use for energy purposes is re-
flected in the fact that at the national level, its use leads to reduced dependence on imports
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Table 1. Chosen factors of four SWOT matrix groups

STRENGTHS

WEAKNESSES

S1 Reduction of national energy dependence
and improvement of security of energy supply
S2 Reduction of CO, emission at a national level
S3 Opening of new working places and
development of rural areas

W1 Non-existence of regulated biomass market
W2 High investment costs
W3 Non-availability of feed for bigger power plants

OPPORTUNITIES

THREATS

01 Use of land which could not be used for food
production purposes for energy crops

02 Development of more favorable credit lines
for renewable energy sources

03 Development of new technologies and
infrastructure

T1 Unclear, unstable, and unpredictable energy policy
T2 Competition with other energy sources
T3 Lack of private sector investments

and to the employment of the local popu-
lation in newly created jobs. The national
labor force is engaged in the construction
and installation, designing, servicing,
sometimes in the production of the plant
and related equipment, efc. Other motives
for using biomass for power generation
are: the prevention of soil erosion by
means of energy crops, the reduction of
fire disasters due to woody wastes in for-
ests and organic wastes in agricultural
fields, and the development of a new in-
dustrial sector for biomass power technol-
ogy and services [17].

The results of SWOT-AHP analysis

The results of the calculations were
obtained by spreadsheet application. The
results of calculated priorities and corre-
sponding CR are shown in tab. 2, for each
of the groups analyzed. The highest priority
values are in bold.

The internal analysis
of four groups

The overall AHP analysis done in this

Table 2. Calculated priorities of SWOT groups
influence and corresponding CR

(a) What is more important for the enhancement
of the strengths? (CR =0.1231)

Weaknesses reduction 0.352
Opportunities enhancement 0.431
Threats reduction 0.217

(b) What is more important for reducing
the weaknesses? (CR = 0.0439)

Strengths enhancement 0.329
Opportunities enhancement 0.428
Threats reduction 0.243

(c) What is more important for enhancement
of the opportunities? (CR = 0.0042)

Strengths enhancement 0.505
Weaknesses reduction 0.292
Threats reduction 0.203

(d) What is more important for reduction
of the threats? (CR = 0.0342)

Strengths enhancement 0.308
Weaknesses reduction 0.306
Opportunities enhancement 0.386

paper was structured in the way presented in fig. 1.

The results obtained from the internal analysis of the criteria inside these four
groups (SWOT) are shown in tab. 3. The highest priority values are in bold.

In this analysis, most of the CR were lower and even much lower (as for weaknesses
and analysis of other elements of SWOT matrix influence on the opportunities) than the
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Table 3. Internal criteria and their CR

Strengths (CR = 0.1005)

S1 | Reduction of national energy dependence and improvement of security of energy supply |0.601

S2 | Reduction of CO, emission at national level 0.066

S3 | Opening of new working places and development of rural areas 0.333

Weaknesses (CR = 0.0002)

W1 | Non-existence of regulated biomass market 0.359
W2 | High investment costs 0.289
W3 | Non-availability of feed for the big power plants 0.352
Opportunities (CR = 0.0107)
O1 | Use of land which could not be used for food production purposes for energy crops 0.230
02 | Development of more favorable credit lines for renewable energy sources 0.315
03 | Development of new technologies and infrastructure 0.456
Threats (CR = 0.0924)
T1 | Unclear, unstable, and unpredictable energy policy 0.511
T2 | Competition with other energy sources 0.199
T3 | Lack of private sector investments 0.291

suggested value(s), except in the case of analysis of other elements of the SWOT matrix in-
fluence on the strengths. This leads to the conclusion that the answers provided by most of the
experts were carefully considered, since in most categories they are very consistent. The over-
all priorities of AHP analysis are shown in fig. 2.
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The ANP analysis

The ANP analysis is a generalization of AHP where the dependencies (also named
feedbacks) are included. In ANP a hierarchical approach is not necessary. The supermatrix in
its standard form is shown, where wy repre-
sents the weight of criteria (SWOT) ele-
ments, W, represents the effect of interde- 45
pendence at the criteria level, while W3 rep-  o0.18"
resents the local priorities of the sub-factors 016"
of criteria converted into global priorities 812
by multiplication with (W,w;) which is ¢ !
usually named interdependant criteria  0.08 |

weight. The ultimate priorities of the deci- g-gi 1 /strengths
sion alternatives are determined by multi- o, | / Weaknesses

plying the priorities of the alternatives cal- o / Opportunities

culated with respect to sub-factors, W, and e 7 "/.-"'Threats
global priorities of sub-factors. 3
0 0 0O 0 Figure 2. Overall priorities for AHP analysis
w W, 0 0
W =
o wy 0 0
0 0 W4 1 0.18
0.16
Overall priority relations for ANP  0.14
analysis are shown in fig. 3. 0:12
The relative relations among the fac- %
. . 0.08
tors remain unchanged, except the higher 0168 |
values for the opportunities than for the ., WStLengthS
. . . ) eaknesses
threats in AHP analysis, and vice versa 02 / -
Opportunities

(concerning the highest value) in ANP o ,
analysis, so the tendencies obtained by 2
both approaches are comparable.

Threats

Figure 3. Overall priorities of the factors for
Results and discussion ANP analysis

It can be concluded that the answers given by the experts taking part in the survey
were very consistent according to the calculated CR. Consistencies were below 0.10 for all of
the categories except two, where acceptable consistencies of 0.1005 and 0.1231 were calcu-
lated. That leads us to the conclusion that the opinions used in these surveys could be used
with great reliability for the creation of future energy policies related to biomass and in the
removal of obstacles to its more intensive use.

It is interesting to notice that among the biomass experts interviewed for each of the
categories analyzed, opportunities enhancement as a choice for improvement prevailed. The
most important for the opportunities was strengths enhancement. It indicates that biomass ex-
perts are more likely to favor these two positive categories of the SWOT matrix over the neg-
ative ones.

Concerning the possibilities of threats reduction, the experts’ answers were approx-
imately equally distributed among the categories of strengths, weaknesses, and opportunities.
According to the results obtained, opportunities had slightly more influence (0.386).
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In internal analysis of the categories of SWOT, according to the answers for each of
the SWOT categories, the experts considered the reduction of national energy dependence and
reliability and security of energy supply as the biggest strength, while CO, emissions reduc-
tion at a national level is of almost negligible importance.

Concerning the weaknesses, the experts’ opinion is more equally distributed, with
emphasis on the non-existence of a regulated biomass market (0.359). Concerning the oppor-
tunities, the attitude that the most important is development of new technologies and infra-
structure prevails (0.456). The experts see the unclear, unstable, and unpredictable energy pol-
icy as the biggest threat.

The current situation in Serbia regarding biomass use is characterized by proven po-
tentials in several types of biomass (agricultural, wood), the non-existance of a regulated bio-
mass market, unclear and complex regulations and procedures, and an underdeveloped and
unclear legal and institutional framework to ensure a continuous and stable biomass supply.

The recommendations and support for the development of renewable energy strate-
gies regarding the use of biomass are presented in tab. 4 (SO — strengths/opportunities,
WO — weaknesses/opportunities, ST — strengths/threats, and WT — weaknesses/threats).

Table 4. The SWOT matrix with recommendations for support for the development of
renewable energy strategies regarding biomass

Strengths Weaknesses
so wo
SO1 Reinforcement of incentives WO1 Urgent development of regulated
D for biomass use . biorna'ss market .
SO2 Stronger national commitments to WO2 Ensuring a more reliable and secure
achieving a secure energy supply legal, financial and social environment
for investors
ST wT
ST1 Clarification and simplification WT1 Increase investors’ confidence
Threats of regulations, procedures, and in the state authorities
permit processes WT?2 Development of strong legal and
ST2 Legislation harmonization at vertical institutional framework to ensure
and horizontal levels of authority a continuous and stable biomass supply
Conclusions

Public and experts opinion as well as the results obtained are crucial input infor-
mation in the continuous process of improvement of the current situation in order to achieve
the proclaimed goal. The results in this paper represent the opinion of experts on current regu-
lations, use of biomass, and overall benefits and conditions for achieving wider use of bio-
mass. Taking into account that for strengths the most influential are opportunities enhance-
ment (for Serbian conditions), while for opportunities the most influential are strengths en-
hancement, it can be concluded that among the four main strategy groups derived, the SO
strategy pair is the most important. This is a starting point for future steps for the main actors
in developing, harmonization, monitoring and improvement of the national energy strategy,
and policy. The results are presented in the form of recommendations at the national level for
the adaptation of the existing energy strategy and policy to increase the use of biomass and to
ensure a secure and stable environment for potential investors. The tendencies obtained by
both SWOT-AHP and SWOT-ANP are comparable, and both approaches give results relevant
to the decision making process.
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Comparing the results obtained with SWOT-ANP analysis with the results presented
in other papers, e. g. in [11, 18-24], it is noted that the more developed the analyzed field in a
particular region/country is, the more experts perceive negative factors (weaknesses and
threats) to be of greater importance than positive (strengths and opportunities) in achieving
goals, and vice versa.

In this paper the opinions of the experts are quantified by the authors using multi-
-criteria analysis tools of decision making.

Decision makers who will form future energy policy in Serbia based on the very
clearly formulated attitudes of these experts can count on their support in the moment of deci-
sion, as well as during the time of its implementation.
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