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a b s t r a c t

The public sector plays an important role in the German “Energiewende”. Besides energy management in
municipal properties the local government can also support the switch to renewable energy sources
through a change in energy supply structures within in their region. Methods of Multi-Criteria Decision
Making (MCDM) from Operations Research are helpful regarding that challenge, as they are able to assess
the sustainability of local energy concepts, since they not only offer stakeholders the opportunity to
participate, but also consider multiple conflicting criteria. In that way, the acceptance of local energy
projects and the participation of stakeholders in the decision process are supported. The case study
presented in this paper illustrates the results of a MCDM process employed to identify a sustainable
bioenergy concept in a rural village in Lower Saxony, Germany. Our analysis revealed not only the op-
portunities and challenges associated with executing an MCDM process to support the realization of local
bioenergy projects, but also discusses potential limitations of the methods.

© 2017 Published by Elsevier Ltd.

1. Introduction

The German “Energiewende” (engl.: energy transition), the na-
tional project to switch to renewable energy sources, still faces a lot
of challenges. For example, the change of energy supply systems in
the heating sector is not sufficiently achieved [1]. The public sector,
especially the local municipalities and governments, plays a key
role in this transition process, as it has an impact on many different
actors such as households, small and medium-sized or even in-
dustrial enterprises. Besides an energetic improvement of the
public properties, the public sector has different options to support
their local “Energiewende”, e.g. by informing different actor groups,
promote local targets, offer funding systems, and support local
sustainable energy projects [2]. However, identifying sustainable
energy concepts that show a high acceptance in the population

appears to be one of the major future challenges [3,4].
One potential renewable energy resource is biomass. Compared

to wind and solar resources, biomass has several advantages. First,
both the biomass feedstock and the resulting biogas are storable
and can serve as constant and reliable inputs for power and heat
generation. Second, biomass is suited not only for electricity and
heat generation, but also for the production of cooling agents, bio-
fuels and even lubricants [5,6]. Third, biomass can be used in co-
generation systems that produce both heat and electricity, a solu-
tion that is in accordance with the decentralization of energy
generation from renewables. This, in turn, makes it possible for
small entities, such as cooperatives, to enter the energy market.
Currently, there are about 160 self-sufficient bioenergy-villages in
Germany using local biomass to satisfy their demand of heat and
electricity [7,8]. Despite these advantages, however, there are also
critical voices who doubt the sustainability of biomass-based en-
ergy supply systems (e.g., [9].

Given these doubts, assessing the sustainability of potential
local (i.e. decentralized and on a small-scale) bioenergy concepts
appears to be a worthwhile task for the public sector. Following
Brundtland's [10] definition of sustainability, a sustainable bio-
energy concept (i.e., a concept that includes technology both for
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converting bioenergy and providing the required biomass) must
consider the following three dimensions: environmental quality,
economic prosperity and social equity. For bioenergy, there are
several concerns related to these three dimensions. With regard to
environmental quality, for example, the establishment of mono-
cultures – of corn in particular– has been criticized for intensifying
erosion and reducing biodiversity [11,12]. Biofuel crops also
compete with food crops for land, and declining acceptance of local
residents with respect to the noise caused by transportation and
plant operation or with the resulting landscape monotonicity is
another problem. Moreover, there is still a need for subsidies to run
bioenergy plants profitably, so that the profitability of bioenergy
systems is questionable [12e14].

From a perspective of the public sector, also the issue of public
acceptance is particularly crucial with regard to energy-related
projects [15]. For example, many wind energy projects have been
delayed as a result of protest from affected citizens. Thus, citizen
participation is seen as necessary in the planning process for the
realization of project goals (e.g. Ref. [16] or on a larger scale, e.g.
concerning environmental policies [17].

To identify sustainable bioenergy technologies and support
their realization, the structured and participatory decision-making
process used in Multi-Criteria Decision Making (MCDM) from Op-
erations Research appears suitable for two reasons. First, all tech-
nology assessments must consider multiple environmental,
economic, technical, and social criteria [18e20]. Because MCDM
methods take various criteria into account, they can be used to
assess environmental impacts [21e23] and sustainability levels
(e.g., [15,24e26]. Second, MCDM methods explicitly allow stake-
holders to participate in decision-making processes. This trans-
parency and involvement helps increase stakeholder acceptance of
the resulting decisions–a requirement for the final realization of
renewable energy projects [27]. Belton and Stewart [28] define a
structured decision-making process for applying MCDM methods.

Some challenges may arise, however, during the participatory
decision-making processes of local bioenergy projects, where res-
idents act as decisionmakers. Since the sustainability assessment of
bioenergy is complex, the residents' lack of expertise in defining
relevant sustainability criteria and corresponding values is an
important challenge [26].

Hence, the aim of this article is to explore whether MCDM
methods and the associated structured decision-making processes
are a suitable tool for the public sector to foster participation and thus
to create residents' acceptance towards local bioenergy projects. We
illustrate the opportunities and challenges involved in applying an
MCDMmethod under the given circumstances (e.g. laypersons with
lack of expertise and/or time) and answer several questions as: In
which steps of theMCDM's structured decision process can residents
be included? For which steps is expertise needed to determine the
necessary data and how can this expertise be provided? Does the
transparency created by MCDM methods indeed promote accep-
tance? Are MCDMmethods ultimately suitable for systematic use by
the public sector in their efforts to support citizens and businesses in
realizing decentralized, local bioenergy concepts?

To answer these questions, this article is structured as follows:
in section 2 Multi-Criteria Decision Making and its potential to
enable participation is explained. In this context, also the applied
aggregation Preference Ranking Organization Method for Enrichment
Evaluations (PROMETHEE) [29] is illustrated. In section 3, we apply
PROMETHEE to assess the sustainability of bioenergy in a rural
village in Germanywithin a case study. Based on the process within
the case study and its results, the findings concerning the potential
of MCDM methods to support local bioenergy projects are dis-
cussed in section 4. The article closes with a conclusion in Section 5.

2. The MCDM method PROMETHEE

MCDM methods provide decision-making support to one or
more decision makers, taking account of their individual prefer-
ences based on several criteria. These methods also provide
structure to the whole decision-making process and increase its
transparency, which simplifies the understanding of complex de-
cision problems. In this article, we focus on methods from Multi-
Attribute-Decision Making, which are applied to choose an alter-
native from a discrete set of a priori defined alternatives [28,30].

Belton and Stewart [28] divide the structured decision process of
MCDM methods into several phases, as shown in Fig. 1. First, the
underlying decision problem and its corresponding relevant com-
ponents (e.g., goals or alternatives) are identified. Next, evaluation
criteria for the alternatives are determined. The information gathered
is then modeled in detail by assigning corresponding values for the
evaluation criteria. Based on the modeled decision problem, an ag-
gregation method such as PROMETHEE [29], is used to determine a
result, e.g., a rankingof alternatives (For a comprehensive overviewof
MCDM methods, see Figueira et al. [30]. Subsequently, this result is
subjected to a sensitivity analysis to test the stability of the results or
to identify particular decision-relevant criteria. Finally, an actionplan
is developed to implement the chosen alternative.

This decision-making process is iterative and allows for a return
to previous phases or steps for adjustments. The MCDM method
and corresponding structured decision process are guided by an
analyst, who gathers the necessary information and has the
required methodological competence.

According to Belton and Stewart [28] and Oberschmidt [31],
stakeholder input is needed at several points in the MCDM process:
whendefining the decisionproblem;when determining alternatives,
criteria and corresponding criteria-values; andwhen settingweights
and value-, utility- or preference functions (see Fig. 1). Stakeholder
participation is not only an important goal, but is also crucial for the
success of MCDM methods [32]. But also vice versa, MCDMmethods
make participation more tangible for individual stakeholders. It per-
mits them to consider personal preferences (e.g., in the form of
weights) and shows them the impacts of their choices. This, in turn,
can boost project acceptance [26,28,33]. MCDM methods can also
serve to facilitate discussions between stakeholders having diverging
positions [28,34e36]. Increased participation of the affected parties
supports thedemocratic notionof considering the interests of various
stakeholders and legitimizes the resulting decisions [17]. As
mentioned previously, such stakeholder participation is especially
important in the energy sector [15].

On the other hand, there are also some concerns about stake-
holder participation inMCDMmethods. MCDMmodels are complex,
and somedecisionmakersmayhave troubleunderstanding them. For
example, expressing weights or assigning values to method-specific
parameters (e.g., thresholds in PROMETHEE, which are explained
below) could be difficult for lay persons [31]. Thus, Munda [37] sug-
gests that it might be reasonable to restrict stakeholder participation
to assigning weights and, eventually thresholds, and allowing the
analyst to subsequently adjust these values as needed. The complete
definitionof alternativesby thedecisionmakermight alsobedifficult,
since there are certain requirements regarding exclusivity and the
determination of data [26,37].

Within each MCDM application, the analyst must choose an
aggregation method. For this project, we chose the outranking
method PROMETHEE, although the use of another MCDM method,
such as the Multi-Attribute Utility Theory (MAUT) [38] or the An-
alytic Hierarchy Process (AHP) [39], is also conceivable (see Figueira
et al. [30] for an overview of aggregation methods). PROMETHEE
was chosen since it is not fully compensatory, and the weights used
for criteria are importance-weights. This means that weights are

N. Lerche et al. / Socio-Economic Planning Sciences xxx (2017) 1e152

Please cite this article in press as: Lerche N, et al., Usingmethods of Multi-Criteria DecisionMaking to provide decision support concerning local
bioenergy projects, Socio-Economic Planning Sciences (2017), http://dx.doi.org/10.1016/j.seps.2017.08.002



https://isiarticles.com/article/151788

