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Abstract: To reduce emissions in the energy sector and reach worldwide climate goals,
further expansion of renewable energy sources (RES) is inevitable. Local opposition has increased
in recent years, resulting in the need for more consideration of acceptance issues in the planning
process of RES projects. To fill this gap, a method is introduced to consider the dimension of social
acceptance in a holistic approach and at an early project stage. In a two-step procedure, a municipal
interest profile is created, followed by an examination of possible expansion projects based on the
municipal profile. Both hard and soft characteristics of a given project are assessed in combination.
Using the example of two potential scenarios for biomass expansion in a given municipality in
Germany, the methodology is put to the test. The results show that with the new method House of
municipal Energy (HomE), the interest profile of a municipality can be quantified in a comprehensible
and transparent way. It is further shown that, depending on the initial objective function of the
municipality, different expansion scenarios can be advantageous. In the examined case, the larger
biogas plant achieves a higher utility value, since a clearly higher local added value can be generated.
A smaller plant, which is only operated with waste materials, is preferable with regard to the required
area and lower environmental impact. However, the advantages of the larger plant outweigh those of
the smaller plant for the investigated example.

Keywords: utility value analysis; AHP; multicriteria decision analysis; potential model; renewable
energy system

1. Introduction

Further expansion of renewable energy sources (RES) is inevitable to reduce emissions in the
energy sector and reach worldwide climate goals. The high renewable energy potential in rural
municipalities in Germany plays a crucial role to further increase the share of renewable energy in
the electricity supply. In rural areas, renewable energy potential is significantly higher than in more
densely populated regions [1]. Although, on an abstract level public support for the extension of RES
is usually high, local opposition has increased in recent years. This phenomenon is known in the
literature under the acronym NIMBY (not in my backyard) and is particularly common in the field
of energy infrastructure [2]. The lack of social acceptance can delay and interrupt RES projects [3–6].
Often local stakeholders feel insufficiently involved in decision making and the sharing of burden
and benefits.

The impact of renewable generation capacities for the local population tends to be quite excessive,
ranging from visible changes to odor and noise emissions. On the other hand, successful RES projects
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bear benefits such as employment, improved image and additional income through power production
[7,8]. Social acceptance has consequently been recognized as a key factor to ensure RES projects’ success
and has gained increased attention in recent years [9–11]. In Germany, for example, legislation provides
for public participation in the environmental impact assessment by the Environmental Impact
Assessment Act (§§ 19, 22, 42 UVPG). However, this is essentially limited to the inspection and
statement on already existing project drafts [12].

Social acceptance and active participation have been recognized as key factors [13]. It seems,
however, that research in this field is not yet properly integrated into the development phase of RES
projects. While it has become clear that local opposition can delay or even stop RES projects, acceptance
analyses mainly occur after the success or failure of such projects [4,5,7,8]. Furthermore, the variety of
characteristics of different objectives is rarely sufficiently discussed. Tools and methods of multicriteria
decision analysis (MCDA) have become increasingly important here in recent years and are being
increasingly used, e.g., for site evaluation and selection [14–18]. In project development, social aspects
do not play a systemic role. Most studies on potential analysis consider technical or economic potential
regardless of social and political issues [19–25], and those that do then consider entire nations in
terms of policy making [26–28]. The compatibility of technoeconomic potential exploitation and local
acceptance issues needs to be addressed at an early project development stage and local geographical
level. The goal is to holistically gather and quantify local objectives in the context of RES expansion
projects. Before realization, RES projects need to be analyzed regarding their capability to fulfill local
objectives and not only fully exploit RES potential [29].

This study seizes the described state-of-the-art and tries to extend it by a new holistic MCDA
method that properly implements social acceptance of municipal RES projects at an early project stage.
To achieve this, the following steps are taken.

First, the application example and method are established in Section 2. Two different expansion
scenarios for local biogas potential in a given pilot municipality are derived using the potential model
BioPot. Following, the new method House of municipal Energy (HomE) is introduced for determining
and quantifying the preferences of local stakeholders and how well these are met by a given expansion
scenario. In Section 3, the results of the method application for the two scenarios are presented in the
form of a utility value analysis. The paper is concluded in Sections 4 and 5 with a short summary,
discussion and outlook.

2. Materials and Methods

This paper couples two individual methods: an established model to assess the biomass potential
of municipalities and a new methodology to receive utility values for given RES expansion projects.
As it is still in the publishing process, the model for potential analysis (BioPot) will only be described
and discussed shortly within Section 2.1 along with a presentation of the municipality investigated in
this study. Section 2.2 then introduces the new method HomE, which is the core element of this paper.

2.1. Definition of Potential Expansion Scenarios (BioPot)

BioPot is used to provide the technical and economic parameters for the investigated RES
expansion scenarios. Based on the input parameters’ population area as well as livestock within the
municipality, biomass availability for each month is calculated in the model. This mass flow data
is the foundation for further calculating the power production from biomass in both existing and
potential bioenergy power plants. In a second step, it is assessed whether the biomass mass flow
exceeds the capacities of the existing bioenergy generation capacities in a given municipality. If so,
suggestions for new generation capacities are developed. This is determined under consideration of a
flexible operation of all bioenergy capacities. Consequently, electricity from biomass is used to balance
offsets between wind and PV power feed-in and demand. Both waste products and energy crops are
considered. Only the power sector is simulated, and heat and fuel sectors are neglected at this stage.
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Using the example of a rural municipality in western Germany, two potential projects for planning,
building and operating a bioenergy plant are designed. This municipality was chosen as it is part
of the research project in which the methodology introduced by this paper is developed. In this
municipality, the progress in RES expansion is quite advanced. Biogas, wind energy and solar energy
plants are installed in large numbers; thus, there is already significant expertise in place to build upon.
The municipality has 10,588 inhabitants in an area of 192.17 km2. Roughly half of the area is used for
agriculture, leading to good suitability for bioenergy. There are already six biogas plants on site with
rated power between 75 kW and 735 kW.

For the described municipality, two scenarios are developed for planning, building and operating
a bioenergy power plant using the introduced model BioPot. The total potential of 35 GWhel/a for
power production from biomass is calculated, whereas the biomass consists of 53.3% of energy crops
and 46.7% of waste products. In both scenarios, it is assumed that the established plants are operated
according to this ratio. This is important to determine the composition of the residual biomass for new
bioenergy plants after supplying the existing plants. In Scenario A, the residual biomass is fully used,
resulting in a 4 MW bioenergy power plant. In Scenario B, the potential is only partially exploited in a
1.2 MW power plant. In both scenarios, the potential plant uses primarily waste products. If these are
not sufficient for the assumed plant operation, energy crops are included. The new plant operates at
maximum profit, oriented towards the EEG2017 funding structure. The funding structure consists of a
flexibility bonus of 40 €/kW and a fixed feed-in tariff per kilowatt-hour. The latter is determined by
competitive tendering for new installations with an installed capacity exceeding 150 kW. Funding is
only granted for the share of the electricity volume generated in a calendar year that corresponds to a
rated power of 50% of the installed capacity [30]. This incentive structure aims at high rated power and
low to medium full load hours. This is to enhance bioenergy as a flexible generation unit to compensate
for wind and solar power fluctuations. Annual costs include investment costs allocated linearly over
the lifetime, annual fixed costs and annual variable costs [31]. Figure 1 shows the profit curves for each
scenario. The course of the blue and orange curves, respectively, follow the EEG2017 funding scheme.
The characteristic knee in both the blue and orange profit curves is due to this incentive structure.
The costs increase continuously with rising full load hours (FLH), whereas the revenue changes its
pattern. Up to the point of 4380 FLH per year, both the revenue of direct selling and the flexibility
bonus are gained:

R<4380FLH = Rdirect + Rflex (1)Energies 2020, 13, x FOR PEER REVIEW 4 of 16 
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when 4380 FLH per year are exceeded because it is assumed that the plant does not use its capacity in
a variable manner but rather in a comparatively constant manner:

R>4380FLH = Rdirect (2)

In Figure 1, profit curves are shown, with the profit being a result of revenue-less costs. While the
characteristic knee is a result of the incentive structure, the difference between the blue and orange
curve patterns is a result of different cost structures within the scenarios. In Scenario A, energy crops
are used to supply the 4 MW bioenergy power plant, whereas in Scenario B, waste products in the
municipality are sufficient to supply the 1.2 MW power plant. Consequently, no costs for fuel provision
incur in this scenario. The dotted (Scenario A) and solid (Scenario B) black lines show the possible
combinations of rated power and full load hours for the determined potential in power production
from bioenergy. Computations show that the plant should be operated at exactly 4380 full load hours
per year for maximum profit. The maximum profit operation mode is marked as the intersection with
the highest possible profit curve.

In Scenario A, the 4 MW bioenergy power plant generates an annual power production of
17,529 MWh. The profit amounts to 1,167,859 €/a, resulting in a specific profit of 292 €/(kW×a). The new
plant requires a cultivation area of 385 ha of energy crops. The municipality’s degree of self-sufficiency
solely by generating electricity from biogas is 79.50%. The electricity demand is completely covered by
biogas at a total of 3396 h/a.

In Scenario B, only one-third of the remaining bioenergy potential is used, resulting in 1.274 MW
rated power and an annual power production of 5580 MWh. In comparison to Scenario A, the total
profit decreases to 457,301 €/a. However, the specific profit increases to 359 €/(kW×a). Due to the lower
rated power, a plant operation fully on waste products is possible. Consequently, neither money is
spent, nor land is used on energy crop cultivation, leading to lower total costs. In addition, the smaller
power plant causes less odor nuisance. Both aspects potentially lead to a higher acceptance in the
population. Table 1 lists the technical characteristics of each scenario.

Table 1. Scenario description.

Category Scenario A Scenario B

Rated power (kW) 4002 1274
Annual power production (MWhel/a) 17,529 5580

Invest (€) 8,846,600 4,222,200
Annual profit (€/a) 1,167,859 457,301

Specific profit (€/(kW×a)) 292 359
Self-sufficiency (%) 79.50 52.72

Full load hours (h/a) 4380 4380
Full supply hours (h/a) 3396 1226

Land consumption for biomass (ha) 385 0

2.2. Introduction of the New Method HomE

In Sections 2.2.1 and 2.2.2, the new methodology HomE for determining individual project utility
values is introduced. The method includes a two-step procedure. First, a municipal interest profile is
created. Possible RES expansion projects are then examined and evaluated based on the municipal
profile. Figure 2 shows a simplified process scheme of the overall methodology and models used.
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As a first step, multicriteria objective functions for municipalities are captured. These are then
used to evaluate different RES expansion projects holistically against each other in a utility value
analysis according to Refflinghaus [32]. The method is based on the House of Quality from the Quality
Function Deployment [33]. It is therefore referred to in the following as the House of municipal Energy
(HomE). The general idea of HomE is to calculate a utility value Ui j for a given municipality i and RES
expansion project j. To measure utility, nine predefined objectives are given that can be affected by
RES expansion projects, namely: Public Participation, Regionalization, Climate Education, Environmental
Protection, Technology Development, Local Added Value and Welfare, Independence, Image Improvement
and Organization and Structure. The objective areas are based on literature research and an expert
survey during a project workshop with representatives from two German municipalities [34–38]. It is
important for the transferability of the methodology that the same nine objectives are always given.
They must therefore be comprehensive and generally valid. It was found that the objectives mentioned
above fulfill these requirements. A short description of each objective is given in Appendix A.

By using HomE, an individual weighting
→
wi between the nine objective areas is determined for a

municipality i. A degree of objective achievement
→
x j is determined for each RES expansion project j.

The project utility value is then calculated as follows.

Ui j
(
→
x j

)
=
→
wi·
→
x j (3)

This approach intends to reduce the complex evaluation of an expansion project down to a scalar
utility value. This utility value always lays between 0% and 100%, whereby larger utility values are
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preferable. In a differential examination of several expansion projects, the project with the highest
utility value should be implemented. Several expansion projects (alternatives) can be compared with
each other in an analytical hierarchy process. Sections 2.2.1 and 2.2.2 will explain how

→
wi and

→
x j

are calculated.

2.2.1. Determination of the Individual Weighting Vector
→
wi

To determine an individual objective weighting, the presented method follows a three-step
approach. First, stakeholders who could potentially be affected by local RES expansion projects are
identified. Both actively and passively involved stakeholders and stakeholder groups are registered
and sorted into one of six groups: Public Sector, Private Persons, Utility Industry, Science and Education,
Industry, Trade and Services and Multipliers. These groups were also developed in a project workshop
together with representatives from local authorities, industry and research. Similar stakeholders with
the same interest can be aggregated (e.g., “3 schools” instead of “School A,” “School B” and “School C”).
The aggregated stakeholder group then receives a single weighting value.

In the next step, all stakeholders are given a weighting. An integer, linear scale is used.
The maximum value can be adjusted according to the total number of all stakeholders.

Finally, the identification of each stakeholder with the nine given objectives is assessed.
Identification values follow a logarithmic scale with the values 0, 1, 3 and 9 (none/weak/moderate/strong
identification). The logarithmic scale causes interest peaks to stand out more and be identified more
easily in the final results. The relevance of an objective is calculated by multiplying the weighting
and identification of each stakeholder and then summarizing these values. To gain percentage values,
the relevance values are normalized to 100%. This approach corresponds directly to the House of
Quality (HoQ) as described by Hauser, except that the requirements are replaced by the stakeholders,
and the functions are replaced by the objectives [33]. Figure 3 shows a comparative view of the
House of Quality (HoQ) and the House of municipal Energy (HomE) to illustrate the similarity.
The final percentage values of HomE can be interpreted as the overall relevance of an objective for the
municipality. Thus, they provide the desired weighting vector

→
wi.

Energies 2020, 13, x FOR PEER REVIEW 6 of 16 

 

2.2.1. Determination of the Individual Weighting Vector 𝑤  

To determine an individual objective weighting, the presented method follows a three-step 
approach. First, stakeholders who could potentially be affected by local RES expansion projects are 
identified. Both actively and passively involved stakeholders and stakeholder groups are registered 
and sorted into one of six groups: Public Sector, Private Persons, Utility Industry, Science and Education, 
Industry, Trade and Services and Multipliers. These groups were also developed in a project workshop 
together with representatives from local authorities, industry and research. Similar stakeholders with 
the same interest can be aggregated (e.g., “3 schools” instead of “School A,” “School B” and “School 
C”). The aggregated stakeholder group then receives a single weighting value. 

In the next step, all stakeholders are given a weighting. An integer, linear scale is used. The 
maximum value can be adjusted according to the total number of all stakeholders. 

Finally, the identification of each stakeholder with the nine given objectives is assessed. 
Identification values follow a logarithmic scale with the values 0, 1, 3 and 9 
(none/weak/moderate/strong identification). The logarithmic scale causes interest peaks to stand out 
more and be identified more easily in the final results. The relevance of an objective is calculated by 
multiplying the weighting and identification of each stakeholder and then summarizing these values. 
To gain percentage values, the relevance values are normalized to 100%. This approach corresponds 
directly to the House of Quality (HoQ) as described by Hauser, except that the requirements are 
replaced by the stakeholders, and the functions are replaced by the objectives [33]. Figure 3 shows a 
comparative view of the House of Quality (HoQ) and the House of municipal Energy (HomE) to 
illustrate the similarity. The final percentage values of HomE can be interpreted as the overall 
relevance of an objective for the municipality. Thus, they provide the desired weighting vector 𝑤 . 

 
(a) 

 
(b) 

Figure 3. Comparative view of House of Quality (HoQ) and House of municipal Energy (HomE): (a) 
House of Quality (HoQ) from traditional quality function deployment; (b) House of municipal Energy 
(HomE) to assess municipal weighting function. 

This approach aims for a transparent and dynamic cross-section of individual interests along the 
entire municipality. Every stakeholder should be able to see how their own interests have been 
incorporated into the overall objective function. To ensure representative results, a dynamic and 
subsequent adjustment of the individual stakeholder profiles should be allowed. 

2.2.2. Determination of Project-Specific Degree of Objective Achievement �⃗�  

The degree to which the given objectives are achieved by a RES expansion project is determined 
by means of a multistage utility value analysis. For a utility analysis according to von Colbe and 

Figure 3. Comparative view of House of Quality (HoQ) and House of municipal Energy (HomE):
(a) House of Quality (HoQ) from traditional quality function deployment; (b) House of municipal
Energy (HomE) to assess municipal weighting function.

This approach aims for a transparent and dynamic cross-section of individual interests along
the entire municipality. Every stakeholder should be able to see how their own interests have been



Energies 2020, 13, 6211 7 of 17

incorporated into the overall objective function. To ensure representative results, a dynamic and
subsequent adjustment of the individual stakeholder profiles should be allowed.

2.2.2. Determination of Project-Specific Degree of Objective Achievement
→
x j

The degree to which the given objectives are achieved by a RES expansion project is determined
by means of a multistage utility value analysis. For a utility analysis according to von Colbe and Witte,
single-objective criteria are identified and weighted. The partial utilities and the total utility value are
then determined [39].

To derive the degree of achievement of an objective, various soft and hard factors that influence
the objective are evaluated. Soft factors can directly or indirectly increase the social acceptance of
a RES expansion project, e.g., informative events or surveys of local residents. Hard factors mean
technical and economical details of a project such as energy yield, nominal power, land consumption
or profit. Each measure contributes to the calculation of the utility value with its specific weighting.
Two different types of soft criteria are defined for the given method: multiple-choice criteria and
exclusive criteria. Most measures are implemented as multiple-choice. Only whether the measure
is executed or not is relevant. In this case, the more measures implemented, the greater the utility
value becomes. For some measures, however, it is necessary to select from various options that are
mutually exclusive. For example, the criterion Legal Form of the Operator is recorded as an influence
on the objective value Public Participation. In this case, the legal form “e.V.” (registered association)
achieves a higher value than the legal form “GmbH” (limited liability company). Some measures
influence several objectives at the same time. For example, the selection of the Legal Form of the Operator
is also relevant for the objective Local Added Value and Welfare.

Consequently, the project is assigned a degree of achievement between 0% and 100% for each
objective where 100% is always the best case and 0% is the neutral case. Figure 4 displays how different
acceptance measures affect the degree of objective achievement on the example of Public Participation.
Each of the nine main objectives is divided into subobjectives. Each subobjective receives a score
ranging from 1 (low impact) to 10 (maximum impact) according to its impact on the upstream objective.
The relative weight of a subobjective then results from normalization based on the sum of all points
assigned. At the beginning of each chain, there must be an executable measure (multiple-choice
measure) or an exclusive project criterion.
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Figure 4. Exemplary breakdown of the degree of objective achievement for Public Participation.

In the example given in Figure 4, a project with a Project Website, active Social Media and an Info
Board would score 45% (=17% + 17% + 11%) for subobjective 1.2.1 (Information). This, respectively,
increases the Public Project Engagement by 14% (=45% × 31%) and finally leads to 7% (=14% × 50%) of
objective achievement in Public Participation.

To classify the benefit of acceptance measures, the allocated costs must be considered. Measures
that affect multiple objectives at the same time are particularly interesting since the costs are incurred
only once. In current studies, a total of 74 acceptance measures and relevant project criteria have
been identified. For the sake of clarity and simplicity, this paper will only focus on five representative
measures, namely Project Website, Guided Tours, Info Board, Information Letter and Citizen’s Panel.
The remaining measures can be found in the supplementary materials of this paper. The costs for
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the assessed measures are assumed based on current market prices and offers. For further detail,
see Tables A2 and A3.

3. Results

For this paper, the new method HomE described in Section 2.2 is used to evaluate Scenarios A
and B presented in Section 2.1. The goal is to identify a preferential expansion project. The results
of this study will be presented in the following three subsections. First, the stakeholder distribution
and weighting vector of the investigated municipality will be shown in Section 3.1. Subsequently,
in Section 3.2, the two project scenarios are discussed in terms of objective achievement. Finally,
Section 3.3 will address the overall utility value of both projects and their interpretation.

3.1. Municipal Stakeholder Analysis and Weighting Vector
→
wi

The investigated municipality identified and named a total of 91 stakeholders. This includes
individual persons and entities such as the local major as well as aggregated stakeholder groups such
as banks and financial institutions. The stakeholders were assigned to the six stakeholder groups.
The supplementary materials of this paper contain a complete version of the filled-out HomE where
all stakeholder identifications can be traced. In the following, results are discussed based on the
stakeholder groups only.

For the stakeholder weighting, a linear scale from 0 to 20 was used where 0 means no relation and
20 means maximum relation to local RES expansion projects. Table 2 shows the weighting results for
the stakeholder groups.

Table 2. Stakeholder group results.

Stakeholder Group Number of Stakeholders Average Weighting Max Weighting Min Weighting Relative Weight

Public Sector 19 10.32 18 7 24%
Private Persons 9 9.33 16 3 10%
Utility Industry 13 9.85 18 4 15%

Science and
Education 9 10.56 16 4 11%

Industry, Trade and
Services 16 6.19 11 2 12%

Multipliers 25 9.24 16 3 28%
Sum 91 100%

In the given case, the stakeholder groups Public Sector and Multipliers have by far the biggest
impact at 24% and 28%. This is due to the high number of stakeholders in these groups and the
comparatively high average weight. In almost all stakeholder groups, a broad spectrum of the given
scale was used. Only for the group Industry, Trade and Services was a rather low average weight of 6.19
was assigned.

According to the interviewed municipal representatives, in this municipality, RES projects are
mainly promoted by local politics with the involvement of the utility industry. Local media and
multipliers as well as research institutions act as catalysts and strong supporters. This picture
corresponds well with the surveyed stakeholder weights.

In the next step, the objective weightings for each individual stakeholder are assessed in
collaboration with the municipality (Section 2.2.1). The results are shown in Figure 5, aggregated by
stakeholder groups alongside a radar chart of the final weighting vector

→
wi.
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Figure 5. Fillet-in HomE: stakeholder results by stakeholder groups and weighting vector
→
wi for the

investigated municipality in a radar chart.

Here, it becomes clear which stakeholders follow which goals. All stakeholder groups seem
to have a certain interest in Regionalization, whereas only the Public Sector has some interest in
Organization and Structure. Overall, for this municipality, Image Improvement and Regionalization are
two objectives with distinct relevance peaks, whereas Organization and Structure is an objective of
secondary interest. Again, these results were discussed with municipal representatives and found
to be comprehensible. The municipality under study is comparatively small and benefits from short,
uncomplicated administrative procedures. Therefore, projects with high organizational effort do not
pose significant challenges. On the other hand, the municipality already has a positive ecological
image and strong regional solidarity and benefits from the resulting media attention and immigration.
These trends are captured well by the surveyed weighting vector.

Besides the comprehensibility of the resulting weighting vector, the municipal representatives
stated the transparency of the method to be particularly beneficial. The quantification of results was
also found to be well suited as a basis for discussion in the municipal dialog.

3.2. Objective Achievement of the Investigated Expansion Scenarios A and B

For this study, the procedure for determining project utility values presented in Section 2.2 is
applied to Scenarios A and B described in Section 2.1. Tables A1–A3 in the Appendix A give an
overview of the regarded technical and economical parameters as well as acceptance measures.

None of the listed criteria affect the objectives Image Improvement or Organization and Structure.
These two objectives have a utility value of 0% in the case under examination and are therefore not
considered further in the following.

The calculation of objective achievement for Public Participation, Regionalization, Climate Education,
Technology Development, and Independence follows exactly the approach as described in Section 2.2.2
and Figure 4. However, there is a slightly different procedure for Local Added Value and Environmental
Protection, which will be briefly described below.

The objective Local Added Value measures the financial benefit that a renewable energy project
generates for the municipality. According to Hirschl et al., this includes all profits (after tax) generated
by companies that are residents in the municipality, the net income of the employees involved in the
project and, finally, the taxes paid to the municipality as a result of the project [36]. Table 3 shows
the specific municipal value-added effects for different RES technologies over 20 years according to
Hirschl et al. A distinction is made between four value-added stages.
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Table 3. Municipal value-added effects over a period of 20 years (according to [36]).

Added Value in €/kW Plant
Production

Planning and
Installation

Technical
Operation

Business
Administration Sum

Wind Park 248 69 380 720 1417
Private Roof Solar Plant 550 295 340 1920 3105
Public Roof Solar Plant 472 304 460 1940 3176
Ground-mounted Solar

Plant 472 264 460 1260 2456

Biogas Plant 307 271 2020 3600 6198
Biomass Plant 673 252 4300 2140 7365

These values are used as a reference for evaluating the degree of objective achievement. For all
the technologies examined, an overall view is taken of the maximum added pmax value that could be
achieved by exploiting the entire available potential. This value is then set in relation to the value-added
p j actually achieved in the project j and compared to the degree of target achievement according to
Formula (4). The quadratic form considers the decreasing marginal utility of additional profits.

→
x j,6 = −0.75·

( p j

pmax

)2

+ 1.75
( p j

pmax

)
(4)

In the given case, only two biogas plants are compared against each other. The maximum available
capacity according to Section 2.1 is 4002 kW. In conclusion, the maximum possible added value is
29,474,730 EUR. Plant profits pA and pB for Scenarios A and B is also given in Section 2.1. It is assumed
that plant production as well as planning and installation are not executed by local companies hence
they do not yield any added value.

To calculate the degree of objective achievement for Environmental Protection, another comparative
and literature-based approach across technologies is pursued. For the subobjectives Primary Energy
Consumption, Greenhouse Gas Emissions, Acidification and Air Pollutants, a comparative consideration is
made for how much can be saved in comparison to coal and gas power plants of the same dimensions
in terms of annual energy production. To determine the utility value for the Area Consumption,
values for the technology-specific space requirement were compiled. These values are listed with the
corresponding utility values in Table 4. Since roof space is usually not available for other purposes,
PV roof systems have an effective space requirement of 0 [40,41]. Utility values for area consumption
ac j are calculated in a similar manner as for the Local Added Value following Formula (5).

→
x j,4.5 = 0.6·

( ac j

acmax

)2
− 1.6

( ac j

acmax

)
(5)

Table 4. Area requirements and utility value of different renewable energy technologies.

Technology Area Consumption in m2/kWh Utility Value

Wind Turbine 0.025 0.98
Roof Solar Plant 0 1

Ground-mounted Solar Plant 0.01 0.99
Biogas Plant 0.52 0.56

Biomass Plant 1.67 0

With the given procedure, different utility values for both scenarios can be obtained. Figure 6
shows the unweighted degree of objective achievement

→
x j for both scenarios.
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Figure 6. Unweighted degree of objective achievement
→
x A and

→
x B for Scenarios A and B.

Both scenarios achieve the same utility value in the objectives Public Participation, Regionalization,
Climate Education and Technology Development. This is because both alternatives assume the same
technology and the same acceptance measures. For Environmental Protection, the plant from Scenario
B performs slightly better due to the smaller area requirement. On the other hand, the plant from
Scenario A achieves significantly better values for Local Added Value and Independence. This is because
of the higher profits being achieved due to economies of scale and more electricity being fed into the
local supply. Even though Scenario A seems superior due to its wide lead in added value, there is no
strict dominance in the given case.

3.3. Utility Value of the Investigated Scenarios and Recommended Concept

The final utility value is achieved by combining the municipal objective function with the
project-specific degrees of objective achievement. Figure 7 shows the results above weighted with
the municipal profile from Section 3.1. It can be observed how the Regionalization overhauled Public
Participation and Climate Education in utility. Overall, however, the municipal objective function leads
only to a marginal deformation of values in this case. According to the previous application of the
method, this is not always the case.
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Figure 7. Weighted degree of objective achievement (partial utility values) for Scenarios A and B.

By adding the weighted partial benefits, the overall utility values UA and UB of both options for
action are determined. Figure 8 distinguishes between the base utility value of an option based on the
technical hard facts and the additional utility value based on acceptance measures.
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It becomes visible that despite the given acceptance measures, Scenario A always achieves the
higher utility value and should be the preferred option. Due to the significantly higher profits in
Scenario A, this appears comprehensible and as expected. In both scenarios, an increase in the utility
value of 4% can be achieved by executing the acceptance measures described in Section 2.2.2.

4. Summary, Discussion and Outlook

In this study, a new method called HomE for the multicriteria evaluation of RES expansion
projects in the planning phase was presented. The method was applied exemplarily onto two
expansion scenarios in the biomass sector derived with the potential model BioPot. With the examined
methodology, it was possible to quantify soft and hard influencing factors and thus make them
uniformly comparable. Finally, it was shown how the calculated utility value can be used to perform
an analytical hierarchy process to derive discrete decisions for action. This was achieved through the
reduction of the complex, multidimensional decision situation to a scalar and transparent evaluation
quantity—the utility value.

The supposedly unambiguous evaluation parameter, however, must be viewed critically. At the
current state, only positive utility values can be created. The method is therefore based on the
assumption that every RES project improves the situation of the community at least marginally.
This poses a strongly generalizing simplification. Overall cost should always be regarded alongside
the utility value. Its informative value is essentially based on a difference analysis between different
options for action. A standalone project can hardly be evaluated regarding its usefulness. Consequently,
HomE cannot be used to replace conventional technoeconomic valuation approaches. It can only
provide a complementary contribution.

The factors that influence social acceptance are most certainly incomplete. A further extension
of the currently considered acceptance measures and relevant project characteristics is necessary.
The modular structure of the presented method is intended to enable subsequent extensions for
this purpose.

Compared to existing models, the presented method is still at an early development stage and
poses a rather rough procedure. The applicability for municipal decision makers at a reasonable
expenditure of time may be advantageous compared to other models that are more complex or purely
analytical. In previous implementations, the time required for municipal representatives to fill out
HomE amounted to a few hours. Thus, theoretically, a first set of results can be achieved within one
working day, e.g., during a workshop with different local representatives.

HomE can be of interest for different use cases and users. The method can be technically executed
by a single person, e.g., from the local planning and administration or a researcher. Of course, the more
stakeholders are actively involved in filling out HomE, the more representative the weighting function
becomes. The weighting and parameterization of all subobjectives must not be adjusted by the user.
This is to enable transferability of the methodology for different municipalities.

In future work, more use cases shall be integrated to derive a sensitivity analysis for the weighting
method. Thus, the whole method can be further improved. More municipalities need to be surveyed
regarding their individual stakeholders and interests. Accordingly, a clustering of municipal profiles
can be developed, leading to reduced effort in a survey for future analyses. Furthermore, the method
needs to be applied to more expansion projects, also integrating other sources of energy or electricity
storage and demand-side projects. In this context, both potential analysis methods, such as BioPot,
and real planned expansion projects in collaborating municipalities can be of interest.

5. Conclusions

The main objective of this study, namely the development, testing and first application of a
new MCDA method for the holistic assessment of RES projects at a municipal level, was achieved.
The HomE method allows an early and joint consideration of social acceptance factors alongside
classical, technoeconomic design criteria in the planning phase of RES projects. The method provides a
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clear result for the case study under investigation. The higher utility value is to be interpreted in the
sense that the scenario with the larger plant should be preferred.

The method proved to be robust with regard to its practical suitability when applied by the pilot
municipality. It is important to note that the present application of the method is an individual case
study from which no generalizations should be derived yet; however, in perspective, this is possible.
For this reason, the authors consider HomE to be a useful extension of the state-of-the-art and the
toolbox of MCDA and recommend that it should be pursued further in accordance with the extensions
proposed in Section 4.

Supplementary Materials: The following are available online at http://www.mdpi.com/1996-1073/13/23/6211/s1,
Figure S1: HomE anonymized, Table S1: Acceptance measures and weighting.
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Appendix A

Table A1. Elaborated main objectives and a short description.

Objective Short Description

1 Public Participation
The Public Participation expresses that the citizens of a municipality are financially and participatively involved
in the design of the local energy system. The aim is to communicate openly and seek dialog with the citizens. In
addition, citizens should be offered opportunities to participate financially or otherwise in RES projects.

2 Regionalization
The regionalization deals with cohesion in the community. The citizens should develop a sense of belonging
and willingly identify with the municipality. This is achieved through the participation of citizens in renewable
energy projects and a municipal orientation of the energy system.

3 Climate Education

The (climate) education deals with different ways of familiarizing the population with the topic of local energy
supply. To reach citizens and especially young people, a systematic transfer of knowledge is necessary.
Influences on politics and important persons in the community are also considered. In addition, positive effects
can be achieved through the transformation of learning and teaching environments.

4 Environmental Protection
Environmental Protection has its focus on the protection of nature. Sustainable, conscious (consumer) behavior
and the expansion of renewable energies should contribute to a reduction of pollutant emissions. At the same
time, the impairment of the habitat by RE plants should be kept to a minimum.

5 Technology Development

The objective Technology Development is to determine the extent to which various renewable energy projects
contribute to technological progress in the energy industry. Due to their proximity and familiarity with the
players involved, municipalities can facilitate the first practical applications of innovative ideas and thus
contribute to the faster marketability of products and business models. RE projects should therefore be
evaluated with regard to their innovativeness.

6 Local Added Value and Welfare

The main question of this objective is to what extent renewable energy projects contribute to local value creation
and what economic benefits are generated by different renewable energy projects. This includes, for example,
the profits (after tax) generated by participating companies (after tax) allocated in the municipality, the net
income of employees involved in the project and, finally, the taxes paid to the municipality as a result of the
project.

7 Independence
This objective is about how self-sufficient a municipality is. This includes, for example, the degree of autarky of
the energy system and the extent to which citizens and local businesses are involved in decisions and
developments affecting the energy system.

8 Image Improvement
Image Improvement deals with the change of the external image of the municipality through RES projects. The
aim is to promote high-profile topics such as CO2 savings, the creation of additional jobs and the expansion of
renewable energies, thus increasing the attractiveness of the municipality.

9 Organization and Structure
The question stands in the foreground, in how far an additional organizational expenditure in the municipality,
caused by the regarded RES project results and whether even possibly restructuring measures are necessary
within the municipality, to fulfill the requirements of the project.
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Table A2. Exclusive project criteria and parameters.

Exclusive Criteria
(Technical and Economical)

Value
(Scenario A)

Value
(Scenario B) Affected Objectives

Annual Power Production 17,529 MWh 5580 MWh Environmental Protection

Annual Profit 8,846,600 EUR 4,222,200 EUR Local Added Value

Self-sufficiency 79.50% 52.72% Independence

Area Consumption 385 ha 0 ha Environmental Protection

Sales Concept EEG supported EEG supported Technology Development,
Independence, Regionalization

Degree of Innovation Late majority Late majority Technology Development

Share of Local Financing 100% 100% Regionalization, Independence

Table A3. Multiple-choice criteria.

Multiple-Choice Criteria
(Acceptance Measures) Cost Affected Objectives Utility Value Increase

Project Website 1260 EUR Public Participation,
Climate Education 0.28%

Guided Tours 1000 EUR Public Participation, Climate
Education, Regionalization 1.52%

Info Board 450 EUR Public Participation,
Climate Education 0.97%

Information Letter 150 EUR Public Participation 0.84%

Citizen’s Panel 9390 EUR Public Participation 0.22%

Sum 12,250 EUR 3.83%

The prices for an Information Board are assumed between 100 and 400 EUR for purchase,
shipping and installation, as well as 50 EUR for maintenance. The printing of an Information Letter
is similarly inexpensive. For a municipality with 10,000 inhabitants and 3.1 persons per household
(assumption for a rural municipality), the costs are between 50 and 150 EUR if each household receives
a flyer. However, there are additional costs for the hours of work needed to distribute the flyers.
Nevertheless, it is considerably more expensive to run a Project Website. Costs for setting up the
website start from 1000 EUR. In addition, there are the annual costs for the operation of the website,
which range between 5 and 100 EUR. A Citizen’s Panel is particularly expensive, since 25 citizens
are dispensed from their work for three to four days to prepare the report. The loss of earnings for
these days has to be fully reimbursed. With an average income of 23,663 EUR, the loss of earnings of
25 people for four days is 9390 EUR.

The costs of measures can fluctuate considerably and should be estimated with local experience
whenever possible. In the following, the introduced method is applied to an example municipality in
western Germany.
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