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Assessment of Different Bioenergy Concepts

in Terms of Sustainable Development

Swantje Eigner-Thiel, Meike Schmehl, Jens Ibendorf,

and Jutta Geldermann

Abstract This chapter focuses on the assessment of different concepts’

sustainability regarding the energetic use of biomass in rural areas. The aim is to

provide decision support, while taking environmental, economic, social, and techni-

cal perspectives into consideration. Possible (technical and organisational) concepts

include biogas plants operated by electric service providers, a single biogas plant

owned by a farmer, or bioenergy villages owned by a village cooperative. We

describe the development of suitable ecologic, economic, social and technical criteria

to assess the sustainability of different concepts and the adaption of existing indicator

systems to the special requirements of sustainable biomass use for energy. The results

of this sustainability assessment illustrate the different biomass concepts’ advantages

and disadvantages, which are compared by means of multi-criteria decision analysis

methods. This decision support tool faciliates the decision process for mayors, district

administrators, farmers and investors, who have to choose the most sustainable

concept for a certain area. Furthermore, the sustainability assessment of bioenergy

concepts has specific requirements with regard to their visualisation if such an

assessment is to support the decisions of interested stakeholders in communities.
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12.1 Introduction

The use of biomass to produce energy is gaining increasing attention from policy-

makers, energy supply companies and the public (Edenhofer et al. 2011; BMU

2009; Leitl 2007). There are several reasons for this: Owing to bioenergy’s poten-

tially lower carbon dioxide emissions, it is expected to contribute less to climate

change than fossil energy resource use. Furthermore, using biomass to produce

energy could preserve fossil energy reserves. In addition, bioenergy is the only

renewable energy source that addresses all three energy sectors: the supply of

electricity, heating/cooling and fuels for transportation (Vis et al. 2008). Fourthly,

it can support rural development by giving farmers an alternative source of income

besides food production, and – in the case of bioenergy villages – by involving

villagers in direct democracy (i.e. via their participation in the decision processes in

their village or district) and giving them a satisfying sense of community (Eigner-

Thiel 2005). Finally, by using local biomass to produce energy, the domestic energy

supply should be stabilised, thus reducing dependency on other – potentially

political unstable – countries for the import of energy resources (oil, uranium,

natural gas, etc.) (IEA 2004; Van Loo and Koppejan 2008).

Nevertheless, discussions on the sustainable development of biomass use to

produce energy, do not only mention the positive effects. There are also concerns

that the use of monocultures will increase due to a higher demand for energy crops,

which could result in massive land use changes to accommodate high-productive

crops such as maize.

Currently, the use of maize to produce energy has resulted in heated discussions.

In addition, this could increase transport activities in rural areas, which would

worsen the air pollution and lead to unwanted disturbances. Another critical point

is energy plants’ direct emissions, such as particulate matter and sulphur dioxides,

which could be hazardous to human health. The designation of areas for energy

crop production is also highly controversial. The ethical aspects of converting food

production, nature conservation or grassland areas for the production of energy

crops will lead to criticism, as will the environmental effects of direct and indirect

land use changes (e.g., more carbon dioxide emissions due to the ploughing of

grassland and a reduction in the biodiversity) (Jessel 2008; Fritsche et al. 2009).

In the meantime, several concepts for biomass use for energy, such as individu-

ally or collaboratively organised biogas plants or large-scale plants, have been

realised or planned in Germany. These types of concepts are the main focus of

the analysis in this chapter. However, economic, ecological and social aspects

should be considered when following sustainable development principles (for our

definition of sustainable development, see Sect. 12.3). Therefore, the decision

process concerning the type of bioenergy plant and its dimensions has become
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increasingly complicated. Multi-criteria decision models may need to be applied to

arrive at optimal agreements (Buchholz et al. 2009; Oberschmidt et al. 2010). The

crucial management of considerable amounts of diverse data is linked to the

decision model. The coordination of these data and their processing to arrive at

different visualised results constitute a challenge because the data originate from

different scientific fields (biology, physics, chemistry, geology, meteorology, psy-

chology, social and economic sciences) that are not only extensive, but also time

and space dependent (see Rautenstrauch 1999; Page and Rautenstrauch 2001).

Thus, decision support methods should collect data from heterogeneous sources

and condense them into different formats.

Many bioenergy supply concepts have been developed at a local scale in Germany

over the past years. One of these is the idea of an energy self-sufficient village, which

a group of scientists at the Interdisciplinary Centre for Sustainable Development

(IZNE) at Göttingen University developed in 1998 (see Projektgruppe Bioenergie

2010, Chap. 2 in this book and in Box 12.1).

Box 12.1 Bioenergy Village Jühnde, Lower Saxony, Germany

In Germany, the bioenergy village concept has been around since 2000. The

main aim of a village self-sufficient in energy is to have such a village

produce at least as much electric energy as the residents and local industry

need. The heat production should cover at least two-thirds of the village’s

demand. Another requirement is that the heat customers and the farmers

providing the biomass should actively help plan the conversion of the village

energy supply. With this idea in mind, the relevant scientists chose a suitable

village in the Göttingen district as a pilot project from 17 other appropriate

and interested villages. Thus, in October 2001, Jühnde was chosen as the

model village. Jühnde has 780 inhabitants, nine farmers, an agricultural area

of 1,300 ha and a forest area of 800 ha (Ruppert et al. 2008). Its advantage was

that it was of a suitable size, which was of economic importance as the village

was large enough to build a bioenergy plant that would be profitable. It was

also socially important, since it was still small enough to ensure that everyone

in the community could be kept informed. It was also a suitable area for

biomass production as the village farmers were willing to use their land for

biomass production. Moreover, it had a strong village community with many

active associations, which spread the idea throughout the village and

motivated enough households to participate in the project (Eigner-Thiel

2005).

After diverse planning stages (informing the inhabitants, closing contracts

with the farmers and energy consumers, obtaining building and operating

licences, etc.), construction began in 2001 and was completed in 2004. The

technical concept’s central component is the biogas plant in which

microorganisms turn liquid manure and other wet biomass into biogas by

(continued)
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This example of a bioenergy village clarifies that planning a bioenergy village

requires data from different sources. First, technical data on the bioenergy plant’s

output are required. In addition, each household’s heat requirement has to be

identified. Geographical data are also needed to identify suitable crops for the

areas and to calculate the potential yields. Furthermore, economic data are required

to calculate the investment and operating costs. For the realisation of a bioenergy

village, social factors, such as people’s motivation to engage in the planning

process and the quality of the social networks are crucial, because as many people

as possible should be involved and kept informed during all the planning stages.

Without people’s willingness, such a project cannot be implemented.

However, during the decision process for the optimal bioenergy concept, eco-

logical, economic and social objectives were sometimes at loggerhead: One of the

social aims was, for instance, to connect as many houses as possible to the

bioenergy plant. From an economic perspective, this was not, however, always

the best solution; for example, certain houses were too isolated from the others and

Box 12.1 (continued)

means of wet fermentation. In the combined heat and power plant (CHP), the

biogas is turned into electricity and heat. Electricity is fed into the public grid,

and the heat is used to warm water, which the district’s heating network pipes

to the connected households. To cover the high demand for heat in winter, the

plant is supplemented by a woodchip heating plant and an oil heating plant as

contingency reserves.

Heat distribution in Jühnde began in September 2005. Today, 72 % of the

households receive about 2,800 MWh of heat per year from the biogas plant.

The remainder (approximately 1,500 MWh of heat per year) is supplied by the

woodchip heating plant. The production of electricity is about 4,000 MWh per

year, which the local energy supply company purchases. The Renewable

Energy Sources Act (EEG) regulates the price of electricity.

Using biomass as a substitute for oil has had various impacts on the

individuals, society, economy and ecology in Jühnde. The ecological benefit

can be quantified as a 70 % per person reduction in the carbon dioxide

emissions. After a financial deficit in 2005 when the plants were installed and

started up, the operating company recorded a positive annual surplus. Since

then, the heat customers (households) have saved approximately €800 per year.
Psychological research has shown that those who were actively engaged in the

planning process experienced the village community more profoundly as well

as increased individual learning. Different methods of public relations, partici-

patory planning and planning workshops were also realised and documented

(Eigner-Thiel 2005, 2010). On the whole, Jühnde’s inhabitants are very

satisfied with the heat supply and the bioenergy village concept (Eigner-Thiel

and Schmuck 2010; Ruppert et al. 2008; Ahl et al. 2007).
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too far away from the biogas plant (Eigner-Thiel and Geldermann 2009). These

conflicts are indicative of all the other biomass paths: Each concept has its

advantages and disadvantages. This is typical of complex decision situations

when common sense becomes overburdened if a large number of criteria has to

be considered. Here, multi-criteria decision analysis (MCDA) methods offer a way

to structure the decision problem; therefore, this chapter will also show how this

problem can be solved. Section 12.2 describes how MCDA works.

Why is MCDA needed for the choice between different biomass alternatives and

why should these be assessed in terms of multiple sustainability dimensions?

Potential initiators of bioenergy projects draw on the limited experiences with

existing bioenergy concepts. Diverse life-cycle assessment (LCA) studies were

compiled after a methodological analysis of environmentally relevant material

and energy flows for the use of biomass use for energy. However, natural scientists

have criticised the assessment of the impacts, as the interrelationships are usually

too complex to be modelled along linear impact factors. In addition, these studies

do not show the impact on the affected local stakeholders, as economic and social

perspectives as well as local aspects are usually underrepresented (see Hofstetter

1998; Kempener et al. 2009).

General sustainability criteria can initially be used to comprehensively assess the

different bioenergy concepts pertaining to the economic, ecological and social

aspects. However, their actual application may lead to very different and even

conflicting results. Chapter 40 of Agenda 21 (BMU 1992) states that the usual

indicators such as a country’s gross national product or the unemployment rate do

not sufficiently describe the status of sustainability development. Therefore, beyond

the existing economic characteristics, further indicators should be developed to

represent the three dimensions of sustainable development (economic growth,

ecological protection and social equality) (see Box 12.3) as accurately as possible.

There are, however, many indicator systems for assessing sustainable development

(see, e.g., Breitschuh et al. 2008; Gamba 2008; Hoffmann 2007; Rösch et al. 2009;

WBGU 2008).

Nevertheless, there are significant difficulties with defining such indicator

systems, specifically if bioenergy’s sustainable use needs to be assessed, as the

possible indicators might not be precise, specific or comprehensive enough to

reflect the local and regional developments’ sustainability (see Heiland et al.

2003; Fleury 2005). After preliminary theoretical considerations of the definition

and the formulation of sustainability criteria, actual significant and quantifiable

criteria should be chosen for the specific area of biomass use for energy. Currently,

there is no general system for specifying the indicators, due to the specificity and

the complexity of the issues. Thus, besides an orientation towards the principles of

sustainability (see Agenda 21, BMU 1992), it is crucial to describe the indicator

system requirements transparently (e.g. see Reul 2002; Werheit 1996). Section 12.4

provides a description of our actual development of a criteria system.

First, sustainable development’s increasing requirements – owing to the increas-

ing awareness of the climate change impacts and the need for a reliable future

energy supply system – mandate consulting interdisciplinary expert groups, who
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will take the numerous, and partly conflicting, objectives of and criteria for

bioenergy assessment into consideration. General objectives, such as sustainability,

economic viability and technical feasibility, have to be broken down into opera-

tional criteria that can be measured and are decision-relevant, i.e. that will allow

one to distinguish between alternatives. In most decision situations, no dominating

alternative meets all of the objective sustainable development criteria to allow it to

be unanimously chosen from all the other alternatives. In fact, most of the

alternatives have their strengths and weaknesses, but these are measured in different

units; some kind of trade-off is therefore required. Figure 12.1 outlines a typical

decision situation with regard to a central biogas plant, a farmer’s biogas plant and a

bioenergy village as examples of bioenergy concepts and the focus of this chapter;

the bars’ different heights show the various attributes’ values within each concept’s

catalogue of criteria. The alternatives are described in some detail in Sect. 12.5.

Many aspectsmust be considered for a comprehensive assessment of the different

biomass paths. Their varying priorities also need to be weighted, since not all of

them are equally relevant.

First, absolute judgement span and immediate memory span impose severe

limitations on the amount of informationwe are able to receive, process and remember

(Miller 1956). Many aspects are considered during the process of balancing and

condensing information,, which can quickly lead to a situation in which common

sense no longer suffices (Dörner 2003; Vester 2003). The larger the number of people

involved in a decision process in complicated situations, the more support is needed to

objectively and efficiently arrive at decisions.Decisionmodels with several objectives

often describe reality better than models with only one objective. This has led to the

development of numerous new approaches to multi-criteria decision support over the

past 30 years (Figueira et al. 2005; Hwang and Yoon 1981; Yue and Li 1998; Munda

1995; Oberschmidt et al. 2009). In the theory of decision support and multi-criteria

analysis, weighting (see Sect. 12.6) is one of the most disputed steps due to its

relatively subjective character. However, decision trees and objective hierarchies

can be used to operationalise ecological, economic, social and technical criteria and

represent them in terms of certain attributes (e.g., their global warming potential).

Fig. 12.1 Schematic presentation of conflicting targets of different bioenergy concepts
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12.2 Decision Support for Sustainable Biomass Use for Energy

with Multi-criteria Decision Analysis (MCDA)

The MCDA framework is applied in research projects in this case to compare

various concepts of bioenergy villages and alternative bioenergy supply solutions.

This approach seeks to establish a decision support tool that increases the transpar-

ency of the decision process and lessens decision problems. However, with a

minimum of technical and energetic effort, this tool should help those deciders

who have to determine the most sustainable biomass concept for a certain area, as

well as mayors, district administrators, farmers and bioenergy investors. We there-

fore outline the MCDA structure and describe the criteria development process. In

addition, a comprehensive list of criteria is introduced and considered in Sect. 12.4.

The complex group decision process for sustainable biomass use for energy in a

specific rural area can be simulated in an MCDA model.

The aim of MCDA is the ex ante assessment of a few individual options by

explicitly considering a decision-maker’s subjective preferences with regard to

decision support and planning (monitoring and control vs. planning and choice)

(Belton and Stewart 2002).

MCDA has been widely applied in an environmental context but hardly in

bioenergy contexts. In these contexts, Mustajoki et al. (2003) describe the usage

of this method in lake regulation policy, Malczewski (1999) establishes a link

between spatial approaches (GIS) and MCDA, while Buchholz et al. (2009) provide

a comprehensive overview of MCDA’s application in the context of bioenergy.

The MCDA process can be divided into six steps, which might be somewhat

iterative and interdependent due to the growing insight into the underlying decision

problem:

1. Define and specify the overall objective in some detail in the criterion hierarchy.

2. Compile alternatives that can meet the defined objective.

3. Model and process information – investigate and calculate the values of the

attributes (lowest-level criteria) (see Fig. 12.2 below) for the alternatives.

4. Assign a relevant weight, i.e. depending on each attribute’s relevance, assign

weights to certain values.

5. Calculate the results with operations research methods (MCDA algorithms).

6. Make the results visible with graphs and charts to assess the alternatives, then

choose one.

Accordingly, the formulation of the overall decision objective is the starting

point of decision support. In most cases, the overall objective is very general

(“sustainable biomass use for energy”) and needs to be broken down into opera-

tional attributes. A criterion hierarchy (see Fig. 12.2) shows the top-down approach.

It starts with the overall objective (sustainable biomass use for energy) and expands

this by adding more detailed targets, which should cover all the ecological, eco-

nomic, social and technical aspects adequately without creating redundancy. Below

the targets, there are attributes; these can operationalise the objective on an ordinal

or cardinal scale (Belton and Stewart 2002).
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In our case, the different concepts for biomass use for energy will be assessed

according to the primary objective “sustainable development”.

The MCDA process and the compilation of the criteria hierarchy are iterative

actions; therefore, the criteria development procedure presented in this chapter is

only a preliminary one. Nevertheless, the information development procedure is

already applicable and we therefore demonstrate this procedure here.

12.3 Definition of Sustainable Development

A suitable definition is required to assess the different bioenergy alternatives’ effects

on sustainable development. There are many different definitions of sustainable

development. The most popular is the one by the Brundtland Commission (United

Nations 1987), theWorld Commission on Environment and Development (WCED):

“Sustainable development is development that meets the needs of the present

without compromising the ability of future generations to meet their own needs”

(p. 43).

The definitions that UNCED (1992) and the Helsinki Conference (1993) used

highlighted three issues as the cornerstones of sustainability. According to these

definitions, for development to be sustainable, it must be economically profitable,

biologically proper and socially acceptable.

To assess a sustainable development issue, the concept must be broken down

into single indicators or criteria. Some definitions only refer to ecological aspects

(e.g., the indicator system SCOPE (1995)). The most comprehensive indicator

system, which also considers social and economic aspects, is the UN Commission’s

Fig. 12.2 Criterion hierarchy of sustainable biomass use for energy
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sustainable development (CSD) indicator system. With its approximate 130

indicators, it is also a good foundation for the comparison of bioenergy concepts

– but nothing more, as not all of its indicators are useful for our aim. For example,

one of the indicators is that child labour should be avoided, which is obviously not

applicable in Germany’s biomass sector.

The EU set a minimum sustainable standard for biofuels with the Renewable

Energy Directive (European Parliament 2009). This focuses on ecological aspects,

seeks to reduce greenhouse gas emissions and tries to ensure that the biodiversity

will be maintained. Social criteria are only mentioned in relation to the production

of biofuels in developing countries and not with regard to biomass use in industrial

countries like Germany. The criteria mentioned reflect the world’s different agri-

cultural situations, which are not totally applicable to a comparison of the different

biomass concepts in Germany. However, the Directive has already been converted

into legislation in different European countries, including Germany (BioSt-NachV

2009). The relevant criteria therefore need to be defined in greater detail.

In the scientific literature, a distinction is made between strong and weak

sustainability: Weak sustainability means that a single dimension’s value can be

substituted by another (e.g., high economic values can substitute low ecological

ones), whereas strong sustainability means that no substitution is possible between

dimensions (Ott 2003; Wuppertal-Institut für Klima, Umwelt, Energie 1997;

Daly 1999).

In our approach, we refer to the Brundtland Commission’s (1987) definition of

sustainability and to the sustainability concept comprising the three aspects eco-

nomic growth, environmental protection and social equality (UNCED 1992; see

Box 12.2) because they form a good basis for breaking down the concept into

different categories. The technical dimension was added to the ecological, social

and economic dimensions to enhance criteria development and assessment trans-

parency, because the technical conversion of biomass is one of the distinct criteria

for assessing different bioenergy concepts. In addition, the strong sustainability

definition was chosen for the comparison of bioenergy concepts due to its above-

mentioned benefits.

We break the sustainable development concept down into different criteria,

which are addressed in the following section. We fill first apply the criteria to the

assessment of three concrete alternatives described in some detail in Sect. 12.5.

Box 12.2 The Brundtland Commission (1987)

The increasing deterioration of the human environment and natural resources

led the former UN Secretary General to appoint Gro Harlem Brundtland as

chairman of The Brundtland Commission (formerly the World Commission

on Environment and Development (WCED)) in 1983. The purpose of the The

Brundtland Commission was to rally countries to pursue sustainable devel-

opment together. Gro Harlem Brundtland, a former Prime Minister of

Norway, was chosen to head the Commission due to her strong background

(continued)
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Box 12.2 (continued)

in the sciences and public health. After releasing the Brundtland Report in

October 1987, the Brundtland Commission was officially dissolved in

December 1987. The organisation Centre for Our Common Future was

founded in April 1988 to replace the Commission.

The Centre for Our Common Future seeks to create a united international

community with shared sustainability goals by identifying global

sustainability problems, raising awareness about them, and suggesting the

implementation of solutions. Its report – Our Common Future – strongly

influenced the Earth Summit in Rio de Janeiro, Brazil in 1992 and the third

UN Conference on Environment and Development in Johannesburg, South

Africa in 2002. It is also credited with creating the most prevalent definition

of sustainability: “Sustainable development is development that meets the

needs of the present without compromising the ability of future generations to

meet their own needs” (p. 43). The three main pillars of sustainable develop-

ment are economic growth, environmental protection and social equality.

12.4 Compiling a Criterion List

Although our introduction refers to indicator systems (e.g., see Breitschuh et al.

2008; Gamba 2008; Hoffmann 2007; Rösch et al. 2009), the present approach uses

the term ‘criteria’, because the aim is not to compare the same aspect over time

(which is usually the aim of an indicator system), but to compare different kinds of

biomass paths at a single point in time, which is a fairly static approach.

From the different disciplines’ perspectives, the bioenergy concept’s evaluation

criteria were collected from experiences gained with local bioenergy projects

(mainly the bioenergy village Jühnde project and other village projects in the

Göttingen district in lower Saxony; Projektgruppe Bioenergiedörfer 2010; Ruppert

et al. 2008), from the literature and from discussions with experts (project-internal

and project-external experts).

Moderated discussions were organised to collect criteria from different expert

groups:

• ecology experts: geographers, earth scientists, agronomists, soil scientists, for-

estry scientists and plant scientists;

• economy experts: business administration, agricultural economists and industrial

engineers;

• social aspects experts: psychologists and sociologists;

• technical experts: practitioners and scientists with bioenergy experience.

The greatest challenge of collecting criteria was to make everybody in the discus-

sion groups understand that a criterion is only decision-relevant if its parameter value

differ from comparative alternatives. The comparison of various bioenergy concepts
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would focus on special preconditions for agricultural land, because each region has

special underlying basic geographical and socio-cultural conditions. These can

include:

• temperature

• precipitation

• soil type

• social traditions

• price of the land

Since these preconditions cannot be changed in one location and cannot distinguish

between the different concepts, these criteria are not decision-relevant. However,

these preconditions influence the criteria specifications.

The implemented workshops to collect and weight the criteria (see Sect. 12.6)

allowed for an iterative definition of the relevant decision criteria. If one of

the scientific disciplines found a more significant criterion, or an easier-to-measure

criterion, the criteria hierarchy was adjusted accordingly. The moderation of the groups

guaranteed effective structuring, systematicmanagement aswell as the decision-making

process’s transparency. This would ensure that all the experts possessed the same

level of information. Nevertheless, during the interdisciplinary discussions, difficulties

were experienced with understanding what certain people really meant, even within
one discipline. After many discussion forums, the relevant data and information were

presented as a hierarchy of criteria. This hierarchy’s structure and organization form

the basis of a systematic and quantitative assessment – a decision table.

The following criterion list was drawn up to assess the sustainability of

bioenergy alternatives (see Tables 12.1, 12.2, 12.3, and 12.4). As it is a work in

progress, this list has a preliminary status. Decision support is an iterative process,

and changes in the criteria hierarchy are thus to be expected when the decision

table, with all the criteria scores, is completed. In the following, the ecological,

economic, social and technical criteria are introduced and explained.

12.4.1 Ecological Criteria

Nature conservation refers to the protection of the ecosphere from negative impacts

by human activities, including the use of biomass for energy. These have effects on

the quality of the environmental media, i.e. the air, soil and water, as well as on the

non-renewable resources and biodiversity. To quantify these impacts on the envi-

ronment, methodological impact assessment approaches can be used as part of the

life-cycle assessment (Guinee et al. 2002; Geldermann et al. 1999). Suitable impact

categories and their characterisations are found in, for example, Schmitz and

Paulini (1999) or SETAC (1996). The methodology of life-cycle assessment

involves considering the entire product life-cycle. The impact assessment of a

bioenergy concept should also include resource extraction, the agricultural produc-

tion of biomass and its conversion into energy. Several studies have therefore
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Table 12.1 Ecological criteria related to biomass concepts

Ecological targets

Sub-targets Attributes Unit

Manifestation

of the

attribute for

sustainable

development

(Min./Max.)

(1) Air and climate (1.1) Climate change Global warming

potential

kg CO2

equivalents

Min.

(1.2) Toxic

contamination

Mass of

respirable

particulate

matter

kg PM10 Min.

Mass of benzo(a)

pyren

kg benzo(a)

pyren

Min.

Mass of inorganic

reference

substance

kg of inorganic

reference

substance

Min.

(1.3) Acidification Acidification

potential

kg SO2

equivalents

Min.

(2) Water (2.1) Aquatic

eutrophication

Mass of applied

fertiliser –

nitrogen

kg fertiliser –

nitrogen

Min.

Mass of applied

fertiliser –

phosphor

kg fertiliser –

phosphor

(2.2) Toxic

contamination

Mass of applied

pesticides

kg pesticides Min.

(3) Soil (3.1) Erosion Cultivation

method

Points on

ordinal scale

Min.

Land cover level % Max.

(3.2) Terrestrial

eutrophication

Mass of applied

fertiliser –

nitrogen

kg fertiliser –

nitrogen; kg

fertiliser –

phosphor

Min.

Mass of applied

fertiliser –

phosphor

Min.

(3.3) Soil

contamination

Accumulation of

heavy metal

reference

substance

kg mobilised

reference

substance

Min.

Mobilisation of

heavy metal

reference

substance

kg mobilised

reference

substance

Max.

(continued)
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Table 12.1 (continued)

Ecological targets

Sub-targets Attributes Unit

Manifestation

of the

attribute for

sustainable

development

(Min./Max.)

(4) Preservation of

resources

(4.1) Energy Scarcity of energy

ressources

kg crude oil-

equivalents

resource

Min.

Cumulative

energy

demand

MJ Min.

(4.2) Minerals Demand for

phosphate

kg phosphate Min.

(4.3) Land area

consumption

Demand for space m2 Min.

(4.4) Water

consumption

Demand for water m3 water Min.

(5) Protecting

biodiversity

Quantity of

cultivated

crops

Quantity Max.

Mass of applied

pesticides

kg pesticides Min.

Nitrogen fertiliser

type

Points on a

ordinal scale

Min.

Table 12.2 Economic criteria related to biomass concepts

Economic targets

Attributes Unit

Manifestation

of the attribute

for sustainable

development

(Min./Max.)

(1) Operating company’s

perspective

Net present value € Max.

Supply contract duration Years (points) Max.

(2) Employee’s

perspective

Profit sharing Yes/no (points) Max.

Possibility of additional

fee

Yes/no (points) Max.

(3) Heat clients’

perspective

Annual heat supply costs € per year Min.

Minimum deposit € Min.

Connection and

conversion fee

€ Min.

(4) Farmer’s perspective Input in pricing Points Max.

Operational flexibility Per year one point Max.

(5) Regional perspective Regional value added

(investment)

% of the investment sum Max.

Regional value added

(current)

€ Max.

Tax revenue € Max.
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Table 12.3 Social criteria related to biomass concepts

Social targets

Attributes Unit

Manifestation

of the attribute

for sustainable

development

(Min./Max.)

(1) Acceptance Cultivation concept scenery (aesthetics) Points Max.

Scenery of the technical plants (aesthetics) Points Max.

Smell Points Min.

Noise (factory) Points Min.

Noise (transport) Points Min.

(2) Participation Planning Points Max.

Information Points Max.

Decisions concerning finances Points Max.

(3) Psychological effects Feeling of independence from electricity

supplier

Points Max.

Feeling of independence from fossil energy Points Max.

Solidarity Points Max.

Self-efficacy Points Max.

Pride, fun, meaning Points Max.

Image of the village Points Max.

Assessment of accidents Points Min.

(4) Employment Additional workplaces Number Max.

Possibility to work part-time Points Max.

Table 12.4 Technical criteria related to biomass concepts

Technical targets

Attributes Unit

Manifestation of the

attribute for sustainable

development

(Min./Max.)

(1) Plant efficiency Thermal efficiency factor % Max.

Electrical efficiency factor % Max.

Use of heat in summer Yes/no (points) Max.

Modularity Points Max.

(2) Transport Frequency Points Min.

Point in time Points Min.

(3) Administrative effort Duration of licence Days Min.
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analysed the environmental effects of bioenergy product chains (Roedl 2010;

Fritsche et al. 2009; Kimming et al. 2011; Schmehl et al. 2012).

The list of ecological criteria below were presented by Weber-Blaschke et al.

(2002). These criteria describe recent environmental indicator systems and identify

various structures according to their environmental media, problem areas, sectors,

spatial dimensions and socio-economic indicators.

In this study, the first level of the ecological criteria’s hierarchy is structured

according to the environmental media and resources. The subordinate criteria level

lists the associated problem areas (see Table 12.1), which are quantified by

attributes at the bottom level. Firstly, the decision-relevant criteria are briefly

explained. Table 12.1 summarises the set of ecological criteria with their units of

measurement.

(1) Air and climate

The emission of specific substances into the air contributes to climate change, has

toxic effects on humans, animals and plants, as well as acidifying effects on

terrestrial and aquatic ecosystems. The impact categories ozone depletion and

photochemical ozone creation are not yet considered in the context of this study.

The main origins of these environmental issues are chlorofluorocarbons and

hydrocarbons, whose emission is estimated as not relevant for the comparison of

different bioenergy product chains.

(1.1) Climate change

At present, climate change is one of the most discussed environmental issues.

Although potential individual impacts on humans and ecosystems have been

analysed in different studies (Hughes 2003; Thuiller et al. 2011), the entire extent

of the future effects have not yet been estimated.

Global warming potential is one commonly accepted indicator with which to

quantify emitted greenhouse gases’ contribution to climate change. Recent indicator

values for greenhouse gases with a time horizon of 100 years are listed in the IPCC

(2007), which considers the emissions of all greenhouse gases from the bioenergy

chain’s life-cycle. The target is to minimise the global warming potential.

(1.2) Toxic contamination of the air

The burning of solid biomass – which is, for example, part of the bioenergy village

concept – causes emissions with potentially toxic effects (Ferge et al. 2005);

therefore, the conversion process is used to assess the degree of air contamination.

Since our study cannot carry out a detailed exposition analysis, the assessment is

restricted to the following three attributes (see also Chap. 14):

(a) Particulate matter

Particulate matter has a dusty and gaseous nature and is thus a potential risk for

living organisms’ health. An increased concentration of particulate matter can lead
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to respiratory and cardiovascular diseases in humans and to a high mortality rate.

The sources of particulate matter are: industrial processes, road transport and the

burning of biomass. PM10 (particles with an aerodynamic diameter smaller than

10 μm), which characterises respirable particulate matter, has commonly been used

as an indicator of particulate matter in the air (Hewitt and Jackson 2003; World

Health Organization 2006). Therefore, PM10 has been chosen as a suitable attribute

of particulate matter within the bioenergy process chain.

(b) Organic pollutions

The working group of the German Research Center for Environmental Health

analyses the hazardous organic substances emitted in the biomass burning process

and has identified Benzo(a)ypyren as a reference parameter that might be cancer-

causing (Lenz 2010) (see also Chap. 13). This reference substance is also taken as

the attribute of organic pollutions in the MCDA.

(c) Inorganic pollutions

The inorganic pollutions due to the biomass burning process are analysed by

colleagues in our research project (see Chap. 13). The group of inorganic pollutants

includes heavy metals such as cadmium, arsenic and lead, which might also be

carcinogenic (Lenz 2010). A reference substance has not yet been determined. A

suitable attribute for assessing inorganic pollutions will therefore be added in the

course of the project.

(1.3) Acidification

Several air pollutions such as sulphur dioxide, hydrogen sulphide, ammonia and other

sulphur and nitrogen compounds react in an oxygen environment with acid and

contribute, among others, to damage forests and lakes (Nixon et al. 2000). Although

the environmental impacts refer to water and land, acidification criteria are not listed

for these environmental media but for air as the origin of emission. Acidification is a

commonly used impact category in life-cycle assessment. In line with de Haes (1996)

acidification potential has therefore been chosen as an attribute.

(2) Water

Nixon et al. (2000) emphasise four significant water quality issues: eutrophication,

persistent organic pollution of rivers, acidification (see above) as well as nitrate and

pesticide contamination of groundwater. In this study, these issues are combined in

two sub-categories of aquatic eutrophication and water contamination with persis-

tent toxic substances. Since bioenergy chains do not seem to have significant effects

on the organic pollution of rivers, this aspect is omitted.

(2.1) Aquatic eutrophication

Aquatic eutrophication is caused by nutrients that lead to increased algae growth.

As a result of bioenergy chains, important nutrients, such as mineral fertiliser and

manure, enter ecosystems by means of run-off in the agricultural process stage.
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Within the outline of this study, it should be sufficient to consider minimising the

mass of nitrogen and phosphor due to the application of mineral fertiliser and

manure for biomass production as the criterion goal.

(2.2) Toxic contamination of water

In the context of bioenergy, there is a risk of toxic contamination of the groundwater

through pesticide application during the energy crop cultivation phase. The higher the

mass of pesticides applied for a special energy crop per area, the higher the risk of

groundwater contamination and the less sustainable the bioenergy concept.

(3) Soil

Erosion is the main threat that the environmental medium soil – which includes soil

life – faces; however, nutrient enrichment and heavy metal pollution have also been

identified as threats (Bouwman et al. 2002; Rodrı́gues et al. 2008; Rusco et al.

2008). A further problem is agricultural soil compaction due to the use of heavy

agricultural machines in cultivation. However, compaction is not expected to have

an effect on different bioenergy concepts and it is consequently omitted.

(3.1) Erosion

Erosion leads to agricultural soil losing its functionality (Pimentel 2006). Besides

site-characteristic factors, such as the soil texture, the precipitation regime and

slope, agriculture management also plays a significant role (Kort et al. 1998; Lobb

et al. 1999). The cultivation method and covering the land with crops are considered

important soil stabilization factors.

(a) Cultivation method

There are several cultivation methods to prepare agricultural soil for sowing. All

these methods increase the risk of erosion. In this study, three methods are defined:

(1) direct saw, (2) grubbing, and (3) ploughing. Direct saw is considered the best

and ploughing the worst regarding minimising the risk of erosion.

(b) Land cover level

Crops stabilise the soil and reduce the risk of erosion. The higher the land cover

level throughout the year, the better the protection against erosion and the better the

sustainability assessment.

(3.2) Terrestrial eutrophication

The deposition of aerial nitrogen compounds leads to increased vegetation growth

accompanied by a decrease in biodiversity and the vegetation’s increasing sensitivity

to disease, drought, frost and herbivore increases (Gallego Schmid 2009). The same

approach is used to calculate terrestrial eutrophication and aquatic eutrophication. The

target is to minimise nitrogen and phosphor feeding by means of fertilisers.
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(3.3) Soil contamination

Hazardous heavy metals affect soil, especially agricultural soil, which is the basis of

life. In the bioenergy chain, the most relevant contamination source is fertiliser

application (mineral fertiliser, digestate and manure) during the energy crop

production phase. The fewer the heavy metals introduced into the soil through

fertiliser, the better the sustainability assessment. In the context of this project, two

aspects are relevant: the accumulation and mobilisation of heavy metals.

(a) Accumulation of heavy metals

The introduction of heavy metals through fertiliser is a criterion that represents

heavy metal accumulation in soil. The fewer the heavy metals applied to agricul-

tural soil, the less the risk of heavy metal accumulation.

(b) Mobilisation of heavy metals

Since potentially contaminated sites can also be considered for energy crops, heavy

metal mobilisation is another attribute (see Chap. 14). Unlike amelioration

activities, the removal of pollutants is not used in this project’s assessment

approach (see Chap. 14). As within the biogas chain, a minimum of heavy metals

transferred to an energy crop ultimately leads to a low heavy metal content in the

digester. The mobilised quantity of a specific heavy metal is quantified for each

alternative bioenergy concept. The fewer the heavy metals mobilised, the better the

bioenergy concept.

(4) Preservation of resources

The need for mineral and energy resources is an essential part of all industrial

processes and should ’also be considered in bioenergy concepts. As these resources

are finite and the principle of equal opportunities for future generations should be

respected, resource consumption evaluation cannot be omitted from sustainability

analysis. Given the particularly strong association of bioenergy with agricultural

energy crop cultivation, further – renewable – resource types should also be

covered; the resources land area and water also belong to this aspect.

(4.1) Energy

Energy resources can be classified as non-renewable and renewable. Renewable

sources of energy are solar energy, hydropower, wind power, geothermal energy

and biomass. Non-renewable resources can be divided into fossil energy (oil, gas

and coal) and nuclear power.

(a) Scarcity of energy resources

The consumption of non-renewable fossil energy resources, such as oil, gas and coal,

leads to a potential scarcity. Given the static range and specific calorific value,

scarcity can be quantified with respect to crude oil as the tonnes of crude oil resource

equivalent (Gromke and Detzel 2006; Monier and Labouze 2001; Schmitz 1995).

The higher the crude oil resource equivalents’ value, the higher the extraction effect.
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(b) Cumulative energy demand

The cumulative energy demand (CED) is possibly an important characteristic value

with which to evalute energy criteria. The CED is defined as the entire primary

energy demand in Joule that can be allocated to an economic good’s life-cycle (VDI

1997); in this case, the specific bioenergy path. The CED is often used as a screening

impact indicator and can also be applied to distinguish between renewable and non-

renewable energy demands (Fritsche et al. 1999; Huijbregts et al. 2006; Schmitz and

Paulini 1999). The smaller the CED value, the better the assessment result.

(4.2) Minerals (demand for phosphate)

After discussions were held with ecology experts, the conclusion was that the analysis

of the scarcity of mineral resources within bioenergy systems should concentrate on

the consumption of phosphate as a fertiliser for energy crop cultivation.

Phosphate’s scarcity is already a primary problem, especially in agriculture

(Cordell et al. 2009). Therefore, the less phosphate is used for energy crop cultiva-

tion, the better this is for phosphate resource preservation.

(4.3) Land area consumption

Land area – especially in an unsealed and not built-up state – is a scarce good.

Consequently food production, energy crop cultivation and nature conservation

compete for it (DEIAGR 2008; Delzeit et al. 2010). As little space use as possible

should therefore be assigned to bioenergy to reduce these land use conflicts.

(4.4) Water consumption

As a resource, water should be conserved – not only its quality, but also the quantity

used for energy crop cultivation should be taken into consideration. The less water

needed throughout a life-cycle, the more sustainable the bioenergy concept.

(5) Protecting biodiversity

Biodiversity is an important factor for a stable ecosystem (Millennium Ecosystem

Assessment 2005); consequently, conserving the variety of life forms should be a

relevant aspect in environmental assessments. During the project discussions,

nature conservationists identified three parameters regarding a bioenergy path’s

contribution to biodiversity protection. All the parameters focus on agricultural

production of bioenergy crops.

(a) Number of different cultivated crops

The first parameter is the number of different cultivated crops needed as a substrate

input for a biogas plant. The larger the number of energy crops cultivated on arable

land, the more positive their impact on biodiversity.
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(b) Mass of applied pesticides

The mass of applied pesticides reduces the variety of living organisms in an

agricultural area. Since a high amount of pesticides represses biodiversity, this

parameter should be minimised with a view to sustainable development.

(c) Nitrogen fertiliser type

The nitrogen fertiliser type also has an effect on biodiversity. Providing the soil

with nitrogen through cultivated legumes is considered better for biodiversity than

digestive manure. On the other hand, digestive manure leads to a more active soil

life than mineral fertiliser. This consideration leads to the following assessment

points: cultivating legumes ¼ one point; digestive manure ¼ two points; mineral

fertiliser: three points. The fewer points allocated, the better the evaluation.

The ecological criteria are presented in Table 12.1 below.

12.4.2 Economic Criteria

The broadest differentiation of economic criteria is into investments and operating

costs: Investments are defined as the sum of all incurred expenses until plant

operation readiness, while operating costs occur during operation and depend on

the capacity utilisation (Geldermann and Rentz 2004). In our case, the following

cost components need to be considered: investments (one-time), biomass (annual),

wages (annual), transport (annual), interest on borrowed capital (annual), dividends

for capital contributions (annual), repairs (annual) and miscellaneous (e.g.,

accounting, trade tax or bookkeeping; annual). Incoming payments result from

electricity and heat sales (annual), sponsor funding (annual), residual value (one-

time after 20 years, or after the expected plant lifetime).

To develop meaningful economic criteria for the bioenergy concept assessment,

the following stakeholder group perspectives have to be considered:

• operating company

• employees

• heat clients

• farmers

• region.

The regional perspective reveals further aspects. Although there are many

definitions of a region, and the region around a possible bioenergy village cannot

be clearly defined (see Box 12.2), it affects all these stakeholder groups’ interests

plus those of their neighbours. It can also be referred to as the administrative

department’s perspective.
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(1) Operating company’s perspective

The operating company’s corporate boundaries begin with biomass supply and end

with electricity and thermal energy sales. The bioenergy plant owner can be a single

investor, an investor group, or a village cooperative.

(a) Net present value

Net present value (NPV) is a key financial management indicator. An investment’s

NPV is the difference between the sum of the discounted cash flows expected from

an investment and the initial amount invested. An interest rate is chosen to adjust

for time and risk (see Chap. 10). The project with the highest NPV should be

selected if the NPV is the only criterion.

(b) Supply contract duration

The longer the running time of the contracts between the operating company and the

agriculture and forestry suppliers, the higher the operating company’s planning secu-

rity. The operationalisation was undertaken bymeans of points: running time 0–3 years

¼ 0 points; 4–10 years ¼ 1 point; 11–15 years ¼ 2 points;>15 years ¼ 3 points.

(2) Employee’s perspective

The operating company employees are the plant manager, the operator, account

staff and the unskilled workers. Their wage level is not part of this list, because it

would not distinguish between the different technical and organizational plant

forms in Germany.

(a) Profit sharing

If the employees participate in profit realisation, or if there are other incentive

systems, this criterion is assessed positively (one point). If there is no possibility of

profit realisation participation, it is assessed negatively (0 points).

(b) Possibility of additional fee

If there is the possibility for more people besides full-time employees to work at the

plants on a fee basis, this criterion is assessed positively (yes ¼ 1 point, no ¼ 0 points).

(3) Heat clients’ perspective

Heat clients are people whose homes are connected to the public hot water grid and

who are associated with the operating company. In many considered bioenergy

concept cases, this is a cooperative. The heat clients are interested in paying

moderate prices for their heat.
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(a) Annual heat supply costs

Different biomass energy paths have different price tags for their clients. In a

bioenergy village (for the definition see Box 12.1 above), for example, people in

connected households pay less for their energy than people using fossil fuel energy

(the base is the mean of the basic charge and the heat price per kWh) (Ruppert et al.

2008). The lower the annual heat prices, the better for the clients.

(b) Minimum deposit

If people have the opportunity to participate in an operating company, for instance a

cooperative, they have to pay a deposit. The lower the minimum deposit, the better

for the clients, because the threshold for people to take this step is then lower.

(c) Connection and conversion fee (one-time pay-offs)

The lower the fee for connection, to the operating company, the conversion costs

and deposit, the better this is for heat clients.

(4) Farmers’ perspective

Farmers can have different roles in bioenergy projects: They can simultaneously be

raw material suppliers who earn money with this and heat clients with an interest in

getting heat at a low price. These are opposing targets.

(a) Influencing the price of biomass

If farmers involved in bioenergy plants can influence the price of biomass during

the running contract, this criterion is assessed positively with 3 points on a 3-point

scale. By having input in the pricing, these farmers can incorporate the agricultural

market trend and avoid suffering financial setbacks that no other farmers encounter.

(b) Operational flexibility

The shorter a contract is, the greater the flexibility for farmers. The contract length

is assessed by means of points: duration > 15 years ¼ 0 points; 11–15 years ¼ 1

point; 4–10 years ¼ 2 points; < 4 years ¼ 3 points.

(5) Regional perspective: Regional net product

The regional value added is the value at which the regional output is bigger than the

input. In this case, it refers to the region within a radius of approximately 50 km

around the bioenergy plant’s location. Behind this is the assumption that, within this

radius, all important technical crews and service contractors can be obtained.

360 S. Eigner-Thiel et al.



(a) Regional value added (investment, one-time)

Examples of regional value added relate to the investment in engineers, in crafts-

manship, or in the construction industry (civil engineering). The higher the sum of

the regional value added for investment, the better for the region (see for a

definition of a region Box 12.3).

(b) Regional value added (current)

Examples of regional value added concerning the scope of current issues are:

maintenance and repair work, notary fees, insurance companies, raw materials

from farmers, etc. The higher the regional value added for current issues, the better

for the region.

(c) Tax revenue

The council and the administrative district obtain trade tax and income tax from the

operating company. The higher these earnings are, the better for the region. The

assessment takes place by means of points: 1 point if the council has such income;

no point if there is none.

The economic criteria can be viewed in Table 12.2 below.

Box 12.3 What Is a Region?

“Region” is a very broad concept. Different authors and scientists use a range

of definitions. Among others, the definition depends on the discipline: Natural

scientists often rely on other definitions than social scientists do. For example,

a classification can be divided into two aspects:

(a) functional assignments that are grown historically. Examples include:

– job market regions (connected by commuter streams)

– business market regions (the catchment area of single contractors).

– regions for nature protection (spatial links between single ecosystems)

Such classifications, which are dependent on functional coherences, are

too imprecise to encompass a region’s administration. Therefore, there is

a group of:

(b) administrative regions:

NUTS (Nomenclature des Unites Territoriales Statistiques) makes provi-

sion for the following regions: states (0), federal states (I), districts (II)

and communal districts (III). Regional aggregations (such as the

Metropolregion Hannover) are not accounted for (NUTS 2007).

There is also the concept of a “region’s identity”, which comprehends

a subjective “identity for the region”, which can differ per individual in

the same region (Ipsen 1993).
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12.4.3 Social Criteria

Social criteria for assessing different bioenergy paths’ sustainability can be divided

into four sub-categories: acceptance, participation, psychological consequences

and employment. Table 12.3 below contains the list of criteria.

(1) Acceptance

Chapter 28 of Agenda 21 (BMU 1992) addresses the participation of the council

and people in order to solve environmental problems. Furthermore, to promote

sustainable bioenergy use, the population’s acceptance of the technical systems and

the context of the production and logistics are extremely important. Bioenergy use

acceptance refers to the following four aspects:

(a) Scenery of cultivation concepts (aesthetics)

Different cultivation concepts have different impacts on the landscape aesthetics:

The landscape can be very colourful and heterogeneous if farmers practice crop

rotation (such as triticale, rapeseed, rye and sugar beet, which are perhaps mixed

with poppies and other weeds), whereas the scenery can, for example, be boring in

the case of maize monoculture. The more positive people’s response to a

landscape’s aesthetics, the better it is. The criterion is operationalised via a five-

point scale. The higher the assessment, the better.

(b) Scenery of the technical plants (aesthetics)

Production plants (biogas plant, wood-fuelled heating plant) can also be assessed as

either more or less aesthetically pleasing. The more positive this assessment, the

better. The criterion is also operationalised via a five-point scale.

(c) Smell

When comparing biomass alternatives, we start with compliance with odour nui-

sance limit values. Nevertheless, there is a subjective smell regarding biomass use

for energy supply (e.g., the storage of silage next to biogas plants, and the transport

of liquid manure) and this can impact acceptance. It is important to note that this

does not have to be an objective criterion, it can be the perceived or suspected smell

related to biomass use in someone’s imagination (it can also be a prejudice). The

less the perceived stench, the better.

(d) Noise (factory and transport)

The block heat and power plant in the factory and transport (via truck or tractor)

produce some noise. The larger the technical plant and the more biomass it requires,

the greater the possibility that people will perceive the noise as annoying.

Noise depends on perception: If the purpose of the noise is considered meaningful,

it is assessed as positive and vice versa; consequently, this criterion is also
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subjective (Guski 2000). The less annoying the noise is perceived, the better. The

noise is further categorised into perceived factory noise and perceived transport

noise.

(2) Participation

Participation refers to different mechanisms through which people can express their

opinions and, ideally, can exert influence on political, economic, management,

cultural, family or other social decisions, to which the Agenda 21 action plan refers

(BMU 1992, Chapter 28). From an administrative perspective, participation can build

public support for activities. It can educate people about an agency’s activities.

Participation can also facilitate useful information exchange regarding local

conditions. Furthermore, participation is often legally mandated. From citizens’

perspective, participation enables individuals and groups to influence agency

decisions in a representational manner (Girschner and Girschner-Woldt 2007).

In terms of diversity management, the following groups should be considered in

the planning of biomass use and in the decision process:

• farmers

• heat clients

• men and women equally

• the communal and regional administration

• villagers and the general public

• nature conservationists

• scientists.

The more opportunities for stakeholders to participate, the better. Such partici-

pation can comprise different content aspects associated with different participation

intensities. These aspects are described below.

(a) Participation in the planning process

People from the seven stakeholder groups can be involved in the planning and

decision process for the use of a biomass concept. However, in different biomass

concepts regard people’s needs and wishes to a differing degree: The more people

are involved, the more their wishes and anxieties can be considered and conflicts

avoided. This can impact the local residents’ satisfaction, self-efficacy, etc. (Eigner-

Thiel 2005). The different biomass alternatives differ in the extent to which people

are involved in their planning process. For example, as many stakeholder groups as

possible should be involved in the planning process of a bioenergy village, while a

large-scale plant offers less possibility for extensive involvement. The more groups

involved, the better.

Since seven stakeholder groups were identified, participation in the planning

process is assessed according to eight points. One point is allotted for each

participating group and zero if nobody is allowed to participate. The more groups

involved, the better.
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(b) Participation via information

The lowest form of obtaining participation is simply by providing information. This

can be done by means informational events or meetings, information brochures and

flyers or stalls at festivities. It is important to inform people not only once about the

status of a planning process, but regularly. The communication interval can differ

between the biomass options (e.g., it is dependent on the operator type). The more

stakeholder groups are informed, the better. Again, there are eight points according

to which participation in the form of providing information is assessed. One point is

assigned for each participating group and zero if nobody is allowed to participate.

(c) Participation in finance decisions

Biomass paths can be financed by a single investor, communal institutions or

administrations, or groups of individuals (e.g., a cooperative). If individuals have

the opportunity to contribute to the finances, this can have various positive

consequences: First, this is an additional investment from the population. Individuals

can also influence the usage of their investment (e.g., determining the price of heat

and raw materials; this could include price corridors and upper and lower

boundaries). In addition, being consulted can increase an individual’s sense of self-

efficacy. Finally, people who participate in the finances will receive (at least a small)

financial gain, for example, in the form of lower heat costs, or participation in the

profits. This means that biomass paths offering more stakeholder group participation

in the finances can be considered more sustainable than those without this possibility.

The higher the number of participating groups, the better. Again, there are eight

points according to which the participation in finances is assessed. One point is

allocated for each participating group, and zero if nobody is allowed to participate.

(3) Psychological effects

Different biomass options can have different consequences for people’s self-

perceptions through the different degrees that people are allowed to participate in

the planning and decision processes. This means different degrees of sustainable

development. For the study of these factors (data), see also Eigner-Thiel (2005) and

Chap. 12 in this book.

(a) Feeling of independence from large electricity suppliers

If a bioenergy plant operator is a local – perhaps collectively organised – institution,

the feeling of independence from large energy suppliers can be especially high.

This is the result of many discussions in village meetings and interviews with

people engaged in a bioenergy village (Eigner-Thiel 2005). The feeling of indepen-

dence is assessed as more sustainable, because there is more self-reliance and less

heteronomy concerning price determination, supply security and other important

aspects of their lives, but also concerning accident risks. The feeling of indepen-

dence is operationalised on a scale of 0–4. The higher the value, the better.
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(b) Feeling of independence from fossil resources

If local residents know that their biomass-based heat source is renewable, the

feeling of independence from non-renewable resources (such as fossil fuels, oil,

natural gas, etc.) can grow. The assumption is that the higher the participation rate,

the higher the awareness of this autonomy. The feeling of independence is

operationalised on a scale of 0–4. The higher the value, the better it is.

(c) Sense of solidarity

This criterion is associated with the extent of the possible participation. Interviews

indicated that active engagement in a collective climate protection project enhances

solidarity in a group. This has positive effects on people’s well-being and health

(Eigner-Thiel and Schmuck 2010). The sense of solidarity is operationalised on a

scale of 0–4. The higher the value, the better.

(d) Self-efficacy

Self-efficacy is the measure of one’s competence to complete tasks and reach

specific expected goals. This expectation influences one’s thoughts, emotions,

behaviour, ambition, effort and persistence (Bandura 1992, 1997). This criterion

is also dependent on the extent of the participation, as indicated in interviews

(Eigner-Thiel and Schmuck 2010). The feeling of self-efficacy is assessed on a

scale of 0–4. The higher the value, the better.

(e) Feelings of pride, fun and meaning

There are also coherences between the degree of participation and the pride and joy

at planning and implementation, learning success, satisfaction and a positive feeling

of meaning. This relationship is described in interviews (Eigner-Thiel and Schmuck

2010; Wüste and Schmuck 2012). The feeling of pride, fun and meaning is

operationalised on a scale of 0–4. The higher the value, the better.

(f) Image of the village or town

The existence of bioenergy technologies in a village or a town can affect its image

positively (if it is associated with progress or eco-friendliness) or negatively (if it is

associated with smell, noise, or low plant aesthetics). This can positively or

negatively influence a whole region. The higher the image of a village or a town

with regard to bioenergy plants, the better, because people enjoy living in a well-

known locality.

(g) Subjective assessment of accident risk

People often associate accident risks or disaster risks with technical plants. This can

differ, depending on the technology type, plant type, plant size, etc. The less the

assessed risks on a scale of 0 (no risk at all) to 4 (very high risk), the better.
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(4) Employment

(a) Additional workplaces

With the usage of local bioenergy for electricity and heat supply, jobs such as a

biogas plant manager and also administrative jobs, may be generated. On the other

hand, jobs like that of a bioenergy village’s chimney sweep are also replaced,

because the number of individual heating systems will decrease. The difference

between the number of jobs in a village or a region before and after an energy

conversion process is another social criterion. The higher the number of addition-

ally created jobs, the better.

(b) Possibility to work part-time

The provision of part-time jobs can contribute to the family life and professional

life of men and women being more compatible (OECD 2002, 2005; SEK 2006;

Caspar et al. 2005; BMFSJ 2008). Therefore, if a specific biomass concept can

provide more part-time jobs than others, it is allocated more points. The crucial

value is the number of potential part-time jobs per 1,000 inhabitants.

The social criteria can be viewed in Table 12.3 below.

12.4.4 Technical Criteria

Technical criteria do not follow directly from the three-pillar model of sustainable

development as with the other three groups of criteria. However, the authors found

it important for the biomass conversion process to report technical criteria sepa-

rately. In principle, one could also assign the technical criteria to the other three

pillars, but this might result in a loss of information. It is important that, within the

technical criteria, the ratio of the criteria for the three different pillars – ecology,

economy and social aspects – is balanced, or, if not, the weightings of the criteria

originating from these three pillars are balanced.

(1) Plant efficiency

Efficiency is generally defined as the ratio between the yielded output and the

yielded effort (input). Furthermore, efficiency is an objective of sustainable devel-

opment in order to minimise the usage of energy and raw materials.

(a) Thermal efficiency factor

The thermal efficiency factor is the ratio of the delivered thermal output to the input

energy. The larger this efficiency factor, the better.
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(b) Electrical efficiency factor

This is the ratio of the delivered electrical output to the input energy. The larger this

efficiency factor, the better.

(c) Heat use in summer

If the heat from the bioenergy plant is used, for example, to warm water (e.g.. for an

existing swimming pool), or to dry i.e. wood, corn, clinkers instead of being

released into the air, the concept is considered more sustainable. Points are allotted

according to a postive answer (one point) and a negative answer (no point).

(d) Modularity

Multiple kettles or biogas plant parts have advantages, because partial workload

operation can take place during maintenance, which is positive with regard to

emissions and efficiency. The criterion is assigned via points for classes: The higher

the number of points, the better.

(2) Biomass transport

Biomass is transported from the fields to the plant and the digested residue is

deployed in the fields. Consequently, one needs tractor-drawn trailers or trucks;

these lead to noise, energy consumption, emissions and accident risks. The following

criteria are relevant here:

(a) Frequency

The less transportation (number of vehicles) needed, the better, as less noise and

emissions are produced, fewer accidents occur and the less energy is needed.

(b) Point in time

The more transportation is done during the day (1 point) instead of at night (2

points), the better, due to less noise at bedtime.

(3) Administrative effort (licence duration)

Different approvals are necessary for different kinds and sizes of bioenergy plants;

these have associated costs. For example, in Germany, a biogas plant – depending

on its size – must comply with a building law and an emissions law (BImSchG).

Different approvals have different time-frames. The more complex an energy

system, the longer its approval takes. Therefore, the fewer days required for

approval, the better.

The technical criteria are shown in Table 12.4 below.
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12.5 Bioenergy Alternatives

The research effort’s overall aim is to compare the sustainability of different

bioenergy concepts regarding a specific geographical location. The socio-

geographical framework conditions are defined by the local characteristics of the

plant cultivation site (climate, soil type, elevation and air temperature) and the

village (population, age distribution and community activities). These

characteristics primarily affect energy crop selection, impact the nature and land-

scape, the yields and the social and economic aspects. The characteristics of such a

village influence, inter alia, the demand for energy for electricity and heating. For

example, if there is a public swimming pool, or industrial heat customers, the

village needs more energy than a “normal” village.

Within these preconditions, two spatial dimensions are considered (Fig. 12.3):

(a) alternative regional bioenergy concepts (regional dimension)

(b) different bioenergy village types as local bioenergy concepts (local dimension).

All the technical bioenergy concepts described are well established and have

been available on the market for a long time. The lack of suitable data on new and

innovative technologies, i.e. biomass gasification systems has led to their omission

from this comparison. We define our base area as farmland; the conversion

technologies therefore mostly utilise agricultural products. The woodchip heating

plant is only fuelled by local forest products.

For the realisation of bioenergy concepts in a village, the following alternatives

are possible:

• the agricultural energy crop cultivation system: conventional farming vs.

organic farming vs. crops from contaminated soils1

Fig. 12.3 Different spatial dimensions for the comparison of different bioenergy concepts

1 Cultivation of energy crops on contaminated sites might reduce the competition for agricultural

land with food crops (see also Chap. 14).
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• biomass fuel for the woodchip heating plant: wood, straw or wood from

contaminated soils

• the operating company: one outside investor, or a corporation with collective

investors of whom the majority come from the village, or an investor group

comprised of farmers

• the possibility for people to participate in the planning process: yes or no.

The combination of these four aspects (with their particular specifications:

3x3x3x2) leads to 54 theoretically possible alternatives. In an actual bioenergy

project, the combinations that are feasible under actual circumstances need to be

determined. See Table 12.5 for the various combinations.

For the local dimension, the following presumptions must be met for a compari-

son of the different approaches to bioenergy villages: The approaches are based on

the bioenergy village Jühnde concept. Therefore, the energy conversion techniques

will be a biogas plant, a combined heat and power station, a heating plant fuelled by

woodchips, a hot water grid, and a boiler fuelled by oil or biodegradable diesel (as a

contingency reserve). Furthermore, it is assumed that 70 % of households have a

pipe connection to the local hot water grid (see Box 12.1; Ruppert et al. 2008).

On a regional scale, the bioenergy concepts are oriented towards a general

bioenergy supply. As a shared reference value for the comparison, the required

land area is chosen for a bioenergy village’s energy crop cultivation. For example, a

bioenergy village needs 300 ha of agricultural land to supply its inhabitants with

electricity and heating. These 300 ha will be the land area to be used when

comparing the regional biomass concepts. For a large-scale plant, these 300 ha

are just a percentage of the whole area that is needed. For a small-scale plant, 300 ha

might be more than the plant actually needs. The bioenergy alternatives based on

the biogas techniques vary in scale and the type of biogas used. The defined

alternatives are listed in Table 12.6.

The challenge is to define appropriate and meaningful alternatives. Data collec-

tion and compilation are laborious tasks.

The data relating to the criteria need to be collected and documented with regard

to the different alternatives. In the current project, the data will be obtained from the

other sub-projects, from databases such as GEMIS and from a literature review.

Table 12.5 Possible combinations for bioenergy villages (local scale)
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Since the focus is on bioenergy villages and their sustainability implications, the

investigated bioenergy concepts are deliberately not compared with other renewable

energy forms (e.g., wind energy or photovoltaic energy), because the scope would

then be too broad and it would be impossible to provide the users with an in-depth

differentiated comparison. Nonetheless, Oberschmidt et al. (2010) offer an exem-

plary comparison of different forms of renewable energy.

12.6 Weighting Process

Once the criteria hierarchy has been established and data on the alternatives have

been compiled in the decision table, the weighting process can take place.

Weighting factors express the relevance or importance of each attribute. The

weighting or valuation of different criteria is a subjective element in the assessment

of techniques. It addresses the relative importance of the different criteria of a given

decision problem for the decision-maker, or the stakeholder group. The weighting

factors thus constitute the preferential information between the criteria (Belton and

Stewart 2002). There are several weighting techniques (e.g., direct ratio, SWING

(v. Winterfeldt and Edwards 1986), SMART (Edwards 1977; Winterfeldt and

Edwards 1986), SMARTER (Barron and Barret 1996; Edwards and Barron

1994), eigen vector method (Saaty 1980), etc.). The discussion of weighting issues

leads to the following fundamental questions, especially regarding the valuation of

the different criteria of sustainable development:

• Should there be a weighting at all?

• If so, which weighting method should be used?

• Which weights should the different criteria be given?

Scientific research can support decision-makers’ quest to better understand the

interdependencies in the weighting of environmental criteria. However, this

Table 12.6 Alternative regional bioenergy concepts

Concept

B1: bioenergy

village Large biogas plant

Single biogas

plant

Biomass input Energy

crop + wood

Energy crop Energy crop

Conversion technology Anaerobic

digestion,

combustion

Anaerobic digestion,

feeding into the gas

grid

Anaerobic

digestion

Products Biogas ! power,

heat

Biogas ! power, heat Biogas ! power,

heat

Power 716 kW 2.5 MW 225 kW

Arable land area or land use for

energy crop cultivation (ha)

~300 ~900 ~60

Electricity production per year

(MWh/a)

4,500 50,000 1,900
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discussion is very controversial, and it should be noted that some authors favour a

more technical approach, while others stress the importance of detailed stakeholder

involvement due to context sensitivity and the significant influence this has on the

overall results.

In our case study, the SWING method (see Winterfeldt and Edwards 1986) was

used for the weighting process. The method comprises everybody in a group

awarding a number between 0 and 100 to each criterion. The most important

criterion is weighted with a high number such as 100, and the others with smaller

numbers. The numbers are converted into percentages so that the sum is 100 %, and

the percentages of the (in our case between four and seven) experts are averaged

(the mean value is calculated).

In this study, the weighting process occurred in three experts groups:

• social experts

• economic experts

• ecological experts.

Each of the expert groups first weighted the relative importance of four

sustainability dimensions: the ecology, economy, social aspects and technical

aspects. The weighting process occurred in a moderated group. Firstly, each person

weighted the criteria individually, thereafter the appraisals were presented to the

others and discussed. After this, everyone had an opportunity to change their

judgement. The results of the first preliminary weighting process (the decision

table is not yet complete) are shown in Fig. 12.4 as a box-and-whisker diagram.

The bars show the average of the expressed weighting factors of the four most

important criteria in the criterion hierarchy, while the ends of the whiskers represent

the minimum and maximum weighting factors allocated by a group of experts.

Figure 12.4 shows that the experts agreed that the ecological criteria should have

the highest priority, followed by the social and economic criteria. The technical

Fig. 12.4 Results of the weighting process of the first criteria level to assess the sustainability of

bioenergy paths (n: number of people who weighted the importance)
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criteria were seen as the least important. The primacy of the ecological criteria

confirms the underlying assumption that the described approach is a strong

sustainability concept (see the next section). It should be noted that no engineers

or deciders (farmers or designers) participated in this weighting process, only the

three expert groups.

Experts may want to change their assigned weighting factors when they see the

complete decision table and the applied MCDA algorithm results. Belton and

Stewart (2002) state, for example, that the MCDA is an iterative process, and

sensitivity analyses will provide further insights into the decision problem, possibly

leading to an adjustment of the stated preferences.

12.7 Data Sets for Criteria Specification

12.7.1 Types of Data to Compare Bioenergy Concepts

Complex decision problems call for the involvement of various groups of experts

with different scientific or professional backgrounds. Table 12.7 shows the scien-

tific disciplines that contribute to the research project (as described above in the

different criteria’s sections) and the data type they usually deliver: Natural

scientists and engineers mostly produce quantitative or quantifiable data, while

social scientists also deliver qualitative results.

Table 12.7 Overview of the participating disciplines in this bioenergy project and the quality of

the data used in the MCDA

Disciplines Data quality

Quantitative or

quantifiable data

Qualitative

results

Geography Spatial data (GIS), temporal data

(climate data)

X

Chemistry Numerical chemical analysis

(concentration)

X

Soil sciences Numerical chemical analysis

(concentration)

X

Environmental sciences Spatial data (habitat, biodiversity) X X

Psychology Interviews, questionnaires (motivation,

acceptance)

X X

Economy Numerical analysis (cash value) X

Crop cultivation Numerical analysis (crop yield, amount

of fertiliser)

X

Agricultural economics Numerical analysis (contract design),

questionnaires (acceptance)

X X
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12.7.2 Data Format

The format of the ecological data is mostly quantitative. Quantitative data are

derived from empirical studies as well as from databases, as described in the

following sections:

Knowledge about the local availability of biomass for energy is an important

aspect in the context of local and regional bioenergy concepts. Therefore, geo-

referenced input data on radiation, precipitation, evapotranspiration, temperature

and soil properties have to be compared with the cultivation-specific requirements

of the different crops on the site to allow the biomass production yield to be

modelled (Bauböck 2009; see also Chap. 7 in this book).

The evaluation criteria also consider agricultural activities’ impact on the protec-

tion of species and biotopes, the landscape, erosion prevention, and other environ-

mental impacts (van Haaren and Bathke 2007; Wiehe et al. 2009). We will also

obtain data from other research studies of this type (see Chap. 8 in this book).

An example of a specific bioenergy concept is the use of biomass from

contaminated sites for energy. Contaminated sites that may be polluted with

hazardous substances (e.g., heavy metals) due to mining activities or flooding by

contaminated water offer an interesting option for energy conversion (Deicke et al.

2006; see also Chap. 14 of this book).

The format of the economic and social data is quantitative as well as qualitative.

The data are mostly derived from empirical studies, as described in the following

section:

Besides economic reasons, farmers’ willingness to cultivate energy crops

depends on many social or psychological factors such as environmental awareness,

risk attitudes, knowledge and involvement (Ruppert et al. 2008; Granoszewski et al.

2009; see also Chap. 9 in this book). Thus, the decision support tool should consider

the drivers and barriers revealed through interviews, questionnaires and the

subsequent statistical analyses of, for example, the social criteria.

The format of the technical data is mostly quantitative and the data are derived

from databases and literature reviews.

12.7.3 Data Consolidation

The consolidation of data from the diverse scientific fields should consider several

aspects: The data have different reference values (site-related yields, plant-specific

operating costs per year, the share of the population, etc.) and are stored in different

formats (shapefile, spreadsheets, text file, etc.). Furthermore, the data quality can

vary, as the data from a chemical analysis may have small ranges, while data on the

operating level may have a much higher deviation margin. As mentioned above, the

comparability of the data should be guaranteed, therefore the units and the reference
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systems should be comparable; this is the greatest challenge. Furthermore, certain

data to be gathered within the collective research project refer to special local

conditions (soil, climate, etc.), while data on other criteria have be taken from general

databases (e.g., GEMIS). Here, comparability must be proved very thoroughly (see

Schmehl et al. 2010).

The development of a consistent life-cycle inventory database faces similar

challenges. Hischier and Gilgen (2005) emphasise the relevance of standardised,

comprehensive and actual life-cycle inventory databases. In the ECOINVENT

project, a clearly defined and comprehensive data exchange format is used, which

includes meta-information, modelling, validation and administrative information.

Furthermore, there are already approaches to implement geographic information in

life-cycle databases, and vice versa. On the one hand, the inventory data can be site-

specifically assigned in the geographic information system. On the other hand, the

geographic data can be used to identify the correct characterisation and weighting

factors for the life-cycle assessment (Wei and Carlson 2002).

12.8 Visualisation

Modern information systems and decision support systems not only store and

process data and information, but also display them in a user-friendly manner

(Geldermann 2010). Currently, the visual representation of data tables, for example,

with bar charts, pie charts, or trend lines, is widely used. In interdisciplinary

research topics, the derived research results need to be presented to many lay

persons in the various scientific disciplines. For instance, social scientists and

natural scientists have to communicate their results to each other. Interested public,

such as the village community, or the local administration, also seek advice on

building a bioenergy village. Thus, it is essential to present the analysed bioenergy

concept’s expected advantages and disadvantages for a specific village or region in

an easily understandable way.

An open scientific question is the visualisation of specific aspects of the problem

to show that some aspects are characterised by far more assessment criteria than

others. In decision theory, this is called bias, which is generated by highly asym-

metrical criteria hierarchies (Hämäläinen and Alaja 2008).

Profiles will be generated to assess the different bioenergy concepts in order to

depict the impacts that sustainable development’s three pillars have on direct

comparison. Methods from operations research and main component analysis,

allow the graphical illustration of a high dimensional solution space (Bertsch

et al. 2007; Bertsch et al. 2006; Treitz et al. 2008; Geldermann et al. 2009).

Figure 12.5 displays four ways to visualise the results of an MCDA algorithm

with regard to the same decision problem (with illustrative data). It should be noted

that similar graphical representations are being developed for various MCDA

algorithm types, such as multi-attribute utility theory (MAUT), or outranking.

374 S. Eigner-Thiel et al.



Geldermann and Schöbel (2011) show that different approaches often have the

same mathematical foundation.

Further research is necessary to answer the question on which presentations

types most people understand best: Cognitive aspects lead to people perceiving

graphically visualised evaluation results in different ways. Exposure to graphical

representations is not self-evident or elemental; therefore, their comprehension has

to be learned (Cox and Brna 1995; Petre and Green 1993; Weidenmann 1994;

Ainsworth 1999). The use of graphics for the visualisation of non-spatial, abstract

information – for example, economic data – has only been in common practice in

the West since the eighteenth century (Tversky 2000; Roth and Bowen 1999).

Consequently, graphical representations can easily be misunderstood, especially

by inexperienced or lay persons, and are therefore likely to be interpreted superfi-

cially (Weidenmann 1994; Cheng et al. 2001). It is therefore important to edit

multi-criteria decision support results graphically, thus allowing perception-

psychological knowledge to be considered. This is open to further research by

specific psychological studies.
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Fig. 12.5 Example of a possible graphical presentation of a PROMETHEE analysis of six

biomass concepts (A to F) with regard to five criteria: (a) principal components analysis under

consideration of uncertainties by means of a Monte Carlo simulation; (b) a histogram of the

outranking flows; (c) a spider diagram; (d) a partial pre-order
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Box 12.4 Representation of Information in the Human Memory

Representation is the illustration of an issue in the mind (Palmer 1978).

According to Larkin and Simon (1987), a concept can be differentiated into

propositional representations (like language, logical statements, and linearly

arranged information) and graphical representations (the use of spatial

relations and the availability of information at a glance). On the other hand,

individuals’ different cognitive styles are also relevant. There are verbalisers

and visualisers, i.e. people with different preferences for different types of

illustration and, therefore, with a different understanding of them (Cox et al.

1994). Schmuck et al. (1998) examined the intelligibility of various symbols

for specific product groups and company groups’ assessment according to

sustainable development aspects. They showed that various symbols can have

very different effects on perception speed and clarity.

12.9 Conclusions

In this chapter, we described the progress of a possible process to choose a special

biomass option that is as sustainable as possible. We used an interdisciplinary

approach to illustrate the process. The aim of the developed approach is to aggre-

gate different bioenergy concepts’ sustainability strengths and weaknesses within a

ranking order.

The Multi-Criteria decision analysis (MCDA) helps to structure a decision

problem (Department for Communities and Local Government 2009; Geldermann

and Rentz 2001; Wilkens and Schmuck 2012). This method seeks to gain insight

into the decision problem and to learn more about the investigated alternatives. It

increases the transparency of the assessment of the various criteria and alternatives;

and therefore reduces the complexity of the decision process. Further, the goal is to

distinguish between the subjective and objective preferences specified during the

decision process. The alternatives have to be comparable. The itemisation of the

indicators (especially the sustainability indicators; see Sect. 12.3) is crucial. In this

regard, the development of social criteria within the regional biomass paths is

specifically a new research aspect.

We showed that decision support system development is always site-specific for

villages and regions. The requirements of local and regional deciders should therefore

be considered to support the best choice of a suitable and sustainable concept.

As described, an information system for the assessment of different bioenergy

concepts with regard to sustainable development has to manage data on ecological,

economic, social and technical aspects. On the synthesis side, there are data on geo-

referenced environmental information, acceptance surveys, bioenergy plants’ tech-

nical characteristics, the documentation of interviews and questionnaires, chemical

analysis results, etc. The weighting process is also a differentiated step that should

be undertaken by experts who are deeply involved in sustainable development. The
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challenge is therefore not only the vast amount of data in very non-homogeneous

formats, but especially the mastering of the logical coherence of the data from

different sources and scenarios. In addition, a vast base of experience with and

knowledge of sustainable development is essential, which will inevitably lead to an

interdisciplinary discussion.

After the interdisciplinary effort to establish a criteria system and to calculate the

criteria values, or the relative strengths and weaknesses of individual biomass

alternatives, it is crucial that the results should be understood by as many people as

possible, because people need to accept one of the alternatives. Again, this participa-

tory aspect is part of a sustainable biomass concept. Wilkens and Schmuck (2012)

describe this process as follows: TheMCDAprocess offers a platform for the exchange

of arguments and different perspectives, provides data that can answer residents’

questions, and combines scientific data with the actors’ perspectives, thus making

well-balanced decision-making possible. This requires the professional preparation of

theMCDAprocess in the form of well-understood visual presentations. Only then will

the theoretic scientific effort lead to the successful application – also by lay people –

and support of a more sustainable life on earth.

To date, the spatial and temporal scaling problematic is unsolved. Specifically,

in the field of interdisciplinary research, in which economists, natural scientists and

social scientists work and collect data on different scales, further research is needed

to extrapolate and model the data from one scale to another in the different research

fields and to combine them properly. Ensuring the comparability of different data

sources is another great challenge.

The results of the process depicted here can contribute to sustainable development.

The scientific findings we describe can help preserve biodiversity, reduce global

warming, rekindle village life, strengthen the democratic will, consolidate regions’

economic potential and strengthen rural development.

References

Ahl, C., Eigner-Thiel, S., Girschner, W., Karpenstein-Machan, M., Roland, F., Ruppert,

H., Ruwisch, V., Sauer, B., Scheffer, K., & Schmuck, P. (2007). Bioenergiedörfer – Dörfer
mit Zukunft, Information brochure. Göttingen: Interdisciplinary Centre for Sustainable

Development.

Ainsworth, S. (1999). Designing effective multi-representational learning environments (Report
no. 58). Nottingham: University of Nottingham, ESRC Centre for research in Development,

Instruction and Teaching.

Bandura, A. (1992). Exercise of personal agency through the self-efficacy mechanism. In

R. Schwarzer (Ed.), Self-efficacy: Thought control of action (pp. 3–38). Washington, DC:

Hemisphere.

Bandura, A. (1997). Self-efficacy: The exercise of control. New York: Freeman.

Barron, F. H., & Barret, B. E. (1996). Decision quality used ranked attribute weights.Management
Science, 42, 1515–1523.
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Tübingen: IAW Forschungsberichte, 65. IMU-Infodienst (2).

Cheng, P. C.-H., Lowe, R. K., & Scaife, M. (2001). Cognitive science approaches to understanding

diagrammatic representations. Artificial Intelligence Review, 15, 79–94.
Cordell, D., Drangert, J.-O., &White, S. (2009). The story of phosphorus: Global food security and

food for thought. Global Environmental Change, 19, 292–305.
Cox, R., & Brna, P. (1995). Supporting the use of external representations in problem solving: The

need for flexible learning environments. Journal of Artificial Intelligence in Education, 6(2/3),
239–302.

Cox, R., Stenning, K., & Oberlander, J. (1994). Graphical effects in learning logic: reasoning,
representation and individual differences. In Proceedings of the 16th annual conference of the

Cognitive Science Society. Hillsdale: Lawrence Erlbaum Associates.
Daly, H. (1999). Wirtschaft jenseits von Wachstum: Die Volkswirtschaftslehre nachhaltiger

Entwicklung. Salzburg: Pustet.
DEIAGRA (Dipartimento di Economica ed Ingeneria Agrarie). (2008). The competition between

food crops and non food crops for energy. European Parliament, Brussels.

Deicke, M., Ruppert, H., & Schneider, J. (2006). Mining and smelting in the Harz mountains

(Germany) – A neverending environmental story. Schriftenreihe der Deutschen Gesellschaft
für Geowissenschaften, 45, 237–256.
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Schmitz, S. (1995). Ökobilanz für Getränkeverpackungen. Berlin: Umweltbundesamt.

Schmitz, S., & Paulini, I. (1999). Valuation as an element of life cycle assessment – German
Federal Environmental Agency method for impact indicator standardization, impact category
grouping (ranking), and interpretation in accordance with ISO 14042 and 14043. In Federal

Environmental Agency, Berlin.

Schmuck, P., Eigner, S., Kaufhold, A., & Krapoth, S. (1998). Psychologische Aspekte von
Unternehmensbewertung. Schriftenreihe des Koordinations- und Studienzentrums Frieden

und Umwelt, Heft 13. Göttingen, Germany.

SCOPE (Scientific Committee on Problems of the Environment). (1995). Environmental
indicators: systematic approach to measuring and reporting on the environment in the context
of sustainable development. Discussion paper presented at the workshop “International Con-

sultation of Sustainable Development Indicators”, Ghent. Bruxelles, Belgium: Bureau du Plan.

SEK. (2006). Mitteilung der Kommission an den Rat, das Europäische Parlament, den
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