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Abstract
In the Netherlands, to achieve the goals set by the Climate Agreement, thirty Regional Energy
Strategies (RES) have been developed, among them that of North-Veluwe region consisted of
three spatial alternatives for the energy transition in the region. As each of these alternatives
has a variety of environmental, social, and economic impacts, often multi-criteria decisionmaking analysis methods are utilized for the identification of the best alternative. The difficulty
of employing multicriteria decision-making methods, however, is that some of the criteria are
subjective and hard to assess and that decision-makers often disagree on such subjective
assessments. This thesis aims to support the process of decision-making and energy transition
in the North-Veluwe region. To do so, it assesses and compares the three RES alternatives for
the North-Veluwe region by combining subjective interviews with robust objective methods.
To do so, the first phase of the study consists of a comprehensive literature review in addition
to a succession of interviews with the decision-makers in the regions. The results of the first
phase will be utilized for an Analytical Hierarchy Process (AHP) - as a structured technique of
multi-criteria decision making (MCDA). Ultimately, the three alternatives of RES for the
North-Veluwe region will be assessed and compared.
Key words: Sustainability Assessments, energy transition, Multi-Criteria Decision Analysis
(MCDA), Analytical Hierarchy Process (AHP), Reginal Energy Strategies RES.
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1 Introduction
1.1 Societal Relevance
Energy transition plays a significant role in combating climate change. Enhancing efficiency,
reducing greenhouse gas emissions, energy security, and providing affordable and equitable
energy are energy policy goals for the sustainability of energy systems (Doukas et al., 2007).
In the Netherlands, a lot of effort is being made towards an energy transition that is as
sustainable as possible. Regarding Paris Climate Agreement, the objectives are by 2030 (49%
CO2 emission reduction in comparison to 1990) and 2050 (minimum 80-95% CO2 emission
reduction in comparison to 1990) (Ministry of Economic Affairs and climate, 2019). There are
five developed proposals for reducing CO2 emissions as Figure 1 shows: electricity, mobility,
industry, built environment, and agriculture and land use. The future of energy supply must be
clean, secure, and accessible for all in the transition procedure (Climate Agreement, 2019;
NOVI, 2019).

Figure 1. Five developed proposals for reducing CO2 emissions. (Reginal Energy Strategy Regio
Noord-Veluwe, 2020, pp.8)

Sustainability of energy systems is crucial for human well-being. The concept that renewable
energy delivers energy systems that make individuals and society satisfied is at the core of the
connection between sustainable energy and well-being (Kalt et al., 2019).
In this respect, by using the Sustainable Development Goals as a roadmap, the goal of Good
health, and well-being, is also well linked to the goal of Sustainable and Clean Energy, (UNDP,
2015). In this context, this will ensure that by 2030, accessibility to stable, affordable, and
innovative energy systems would be available for all. In view of that fact, this is critical,
because individuals who have utilized Renewable Energy tend to have a higher health outcome,
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which is strongly related to the enhanced satisfaction and well-being indicator. (Castro and
Ndoye, 2013; Kalt et al., 2019).
In addition, sustainable energy development allows developing successful and productive
delivery of services to the broader community, thereby having a positive impact on well-being
(Parker et al., 2017).
The energy transition attempts to make a major contribution to many dimensions. Firstly, a
high-performance renewable energy system, cleaner energy supplies, and natural resources
use. Secondly, supply security by reducing fossil resource reliance. Thirdly, effective energy
supply respects cost efficiency and crucial market dynamics (Dietz et al., 2008). However, the
achievement of these long-term goals should include a process of social change that entails the
institutional and organizational adaptation to other types of energy supply and use. For that
reason, the assessment of such transition’ sustainability should consider all sustainability pillars
(Kemp, 2011).
Sustainability of energy systems is a complex concept. Investigating the optimal and rational
solutions is quite a multifaceted procedure, as it requires multiple long-term cadres,
uncertainty, financial investment, and a wide range of stakeholders with various priorities and
viewpoints (Zhou et al., 2006). The inclusion of a multiplicity of human and non-human entities
and the scale of energy transition projects has a key role during the sustainable energy
transition. The evaluations of both global and local energy systems are crucial. Ness et al.,
(2007) concluded that in order to validate decisions to be adopted in a particular region, short
and long-term comparison intervals must be considered.
At the local level, energy systems should be investigated, to ensure the realistic and effective
assessment of the regional and local context, and the determination of planning actions (Ravetz,
2000).
In this sense, a proper sustainability assessment should incorporate the judgments and
preferences of multiple actors across a study area. This means considering not only economic
environmental, and social, criteria but also spatial indicators reflecting local actors’ priorities.
In other words, there is a need for a sustainability evaluation tool that can handle the interests
of several actors across potentially large study areas.
The sustainability assessment of energy transition is particularly relevant in some regions of
the Netherlands where plans are in an advanced state and municipalities may be interested in
accounting for the opinion of various stakeholders. e.g., North-Veluwe region in Gelderland
province.
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1.2 Problem Description- Academic Relevance
Sustainability Assessment literature has evolved extensively and gradually, with various
conceptions and adaptations of this term published to date (Bond et al., 2012). There are, on
the one hand, more broad and analytical ideas based on the sustainable concepts (Gibson,
2006), which allow for systems incorporating and integrating different perspectives and views.
On the other hand, the idea of sustainability is defined and extracted from rational and
organizational methods (Cinelli et al., 2014). This operationalization is being attempted
differently, with the number of foundations ranging from two to seven, based on the analytical
background (Gibson, 2006; Bond et al., 2012). The Triple Bottom Line (TBL) approach,
focused on environmental, economic, and social pillars, is among the most widely used. This
approach is widely used because it is well suited to the professional figures and corporate
bodies in charge of evaluating each of the pillars (Gibson, 2006).
However, Sustainability Assessment is one of the most challenging methodologies for
evaluation. In addition, the evaluation of sustainability can be conducted in a wide range of
approaches depending on goals, scales, and potentials (Boggia et al., 2018). Sustainability
assessment differs significantly between micro-and macro-scales and hence it is difficult for
the various processes and mechanisms to all be included in the same approach (Cinelli et al.
2014). Based on that, a number of instruments are required for each case (Sala et al., 2013b).
The addressed sustainability foundations can also be different, whereas some approaches only
take account of environmental and economic aspects, and others jointly consider
environmental, economic, and social aspects (Sala et al., 2013a).
Methodological frameworks are needed to reliably incorporate accurate sustainability
indicators and handle the priorities of decision-makers. According to Cinelli et al., (2014), a
multitude of methodologies and studies have been conducted in recent decades for the
assessment of sustainability of energy systems, however, these mostly cover a particular
component of the sustainability definition, such as environmental Life Cycle Assessment LCA.
According to this context, the Life Cycle Sustainability Assessment (LCSA) approach was
proposed as a sustainability analysis method derived from LCA approach, for a holistic
assessment of environmental, economic, and social dimensions in one study (Guinee et al.,
2011).
For the Sustainability Assessment of energy transition projects, however, comprehensive
quantitative methods are needed that allow the consideration of multiple economic,
environmental, social criteria, and the preferences of multiple stakeholders. In addition,
Sustainability Assessment of energy transition is not based on a specific metric but on a number
of metrics, primarily focusing on economic, social and environment interventions as a multidimensional definition (Boggia et al., 2018). The possibility of integrating and making the
indicators comparable is a crucial prerequisite for the practical use of measures and indices
(Bohringer and Jochem, 2007; Boggia et al., 2018). As a fact, a collection of indicators,
combined with a suitable evaluation methodology, is the most proper tool for assessing
sustainability. One of these tools is the Multi-Criteria Decision Analysis (MCDA) (Cinelli et
al., 2014).
11
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MCDA has a key role in the multi-dimensional assessment procedure (Liu, 2007; Shmelev and
Labajos-Rodrigues, 2009; Boggia et al., 2018). It is used to overcome complicated issues
through an individual and collective assessment of all the variables and by adding value to each
of them (Cortina and Boggia, 2014). Because of that, MCDA is extensively applied to assess
the sustainability of the energy transition (Boggia et al., 2018) and considered as an adequate
effective assessment method (Munda, 2005; Bond et al., 2012).
A core component of MCDA is the creation of a robust and consistent decision-making
framework to clearly articulate the value sets of the different stakeholders (French et al., 2009;
Geneletti and Ferretti., 2015). The other core component of the MCDA that it enables standards
to be represented by various units of measurement (Geneletti, 2005; Geneletti and Ferretti.,
2015). These two characteristics make MCDA particularly attractive to solve complicated
decision-making issues, marked by a range of multiple and frequently contradictory goals (e.g.,
social equity promotion, economic growth, the environment protection), by the necessity for a
large participation of stakeholders with diverse values and objectives and the inability to find
the best alternative for all perspectives.
While these offer a robust framework for decision-making, they are also affected by a strong
sensitivity to value judgments, whereby the interpretation of various criteria may change
considerably from one group of decision-makers to another. This is a common state of
sustainability assessment issues, where targets are numerous requiring multi-criteria analyzing
and where trade-offs are an inevitable and intrinsic part of the decision-making process
(Morrison-Saunders and Pope, 2013; Geneletti and Ferretti., 2015).
Different perspectives in MCDA are commonly treated non-spatially, for example,
economically or environmentally. Besides the economy, the environment is crucial for
observation and examination. Both economic and environmental considerations can be studied
independently using a variety of approaches. (De Felice, Campagiorni, and Petrillo., 2013). On
the one hand, the Life Cycle Assessment (LCA) approach, for example, represents multicriteria
assessment according to environmentalists, which is useful for determining all environmental
impacts of products and providing a better understanding of the environmental issue (De Felice,
Campagiorni, and Petrillo., 2013). On the other hand, Analytical Hierarchy Process (AHP)
represents multicriteria assessment according to businesses, that considers complex relation
between parameters and deciding the best solution for enhancement (Neaupane, 2006; De
Felice, Campagiorni, and Petrillo., 2013).
Spatial Multicriteria Decision Analysis, however, is utilized to ensure considerable preparation
and decision-making stability in the field where a variety of potential solutions and constraints
could be investigated. Kropp and Lein (2012) introduced the spatial multicriteria decision
analysis (MCDA) as a method for achieving the spatial pattern of sustainable urban
development based on opposing goals. Several MCDA researchers have relied on the study of
spatial sensitivity as a tool for spatialization or localization. (Feick and Hall 2004, Feick 2005;
Chen et al. 2010; Malczewski 2011). The spatial aspects of weight sensitivity were studied by
Feick and Hall (2004). By plotting the responsiveness of the weight to distinguish particular
variations in decisions, they assessed the effect of decision-makers' parameters weighted
12
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average on the ranking of decision variations. The main feature of MCDA is that empirical
findings not only contribute to the spatial pattern for the alternatives in the decision-making
phase, the locations in which alternatives are taken and their characteristics, but also to the
value decisions made during the appraisal period (Malczewski 2011).
Considering all these aspects, this research attempts to show how the evaluation of
sustainability changes spatially according to the preferences of local players at a certain
municipality in regional areas. i.e., assessment by stakeholders at location A vs assessment by
stakeholders at location B. Therefore, the problem statement can be summarized as the
following:
Although spatial indicators have been used repeatedly in MCDA studies of sustainability
assessment, there is a need for the consideration of people’s preferences, in terms of
standardization and weighting, at various locations.
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1.3 Research Objective
It has been agreed in the Climate Agreement in the period until 2030 that the tables Electricity
and Built environment regionally developed and realized. Thirty Reginal Energy Strategies
RES have been formed for this purpose. One of these regions is the region North-Veluwe. The
North-Veluwe region is in the province of Gelderland and includes the territory of seven
municipalities (Elburg, Ermelo, Harderwijk, Hattem, Nunspeet, Oldebroek, and Putten) within
part of the work area of the Vallei en Veluwe water board.
Reginal Energy Strategy RES addressed two themes: electricity and heat in the sustainable
energy transition. The electricity theme is a deepening of the spatial integration and a deepening
of the net impact. Three generic alternatives were provided. However, there is a missing of a
specific research to analyse and evaluate the most sustainable alternative from a spatial
viewpoint. This sustainability assessment will support decision making regarding energy
transition.
The research aims to assist and support in the decision-making of the most sustainable
development energy transition alternatives of Regional Energy Strategy from a planning
perspective for The North-Veluwe region through:
•

Identify and analyse the sustainability principles of energy transition.

•

Assess the performance of different alternatives of sustainability.

•

Investigate how the ranking of alternatives varies across the study area.

1.4 Research Question
The General research question is formulated as follows:
What are, from a planning perspective, the most sustainable energy transition alternative of
Regional Energy Strategy in the North-Veluwe region?
The answer to the general research question will be by answering three sub research questions:
1. What are the sustainability principles against which to assess different alternatives of
energy transition for large-scale sustainable electricity generation?

2. How to assess the performance of different alternatives using these principles and
multicriteria analysis?

3. How do the assessment and weighting of criteria vary across different groups and
locations within the study area?
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1.5 Research Outline
The research structure was developed according to the structure of the research questions, as
described in 1.4. Therefore, chapter two gives a detailed understanding of the theoretical
background of the sustainable energy transition in the form conceptual framework of
Sustainability Assessment criteria used to assess different alternatives of energy transition from
a spatial perspective. Moreover, MCDA, as a tool for the performance assessment is defined
and the general method of MCDA is described. Finally, Analytical Hierarchy Process AHP
technique for conducting the basic assessment and weighting for criteria is outlined. Answers
to Sub-Research Question 1 (SRQ1) and the first part of SRQ 2 are given at the end of this
chapter in the form of a multicriteria framework, tools, and technique for the Sustainability
Assessment.
Chapter three provided a description of a case study and energy transition alternatives. Further
on, in chapter four, performing the questionnaire to investigate the stake holders’ preferences
and elicit the weights of the indicators. In chapter five, the second part of SRQ 2 is answered
where the calculations of the AHP matrix associated with criteria has conducted, and the basic
assessment of the performance of several alternatives of RES plan in the North-Veluwe region
has performed. This assessment has resulted in the best energy transition alternative and the
hierarchical ranking of the alternatives. In addition to the previous result, the answer of SRQ 3
of mapping how the ranking of alternatives varies across the study area is also an outcome
concluded from chapter five. The thesis ended with a discussion and conclusion in chapter six
and seven, respectively.
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2 Theoretical framework and previous studies
2.1 Sustainable Energy transition
Energy is important not only for human health and economic growth, and also for addressing
issues related to sustainable development, for example, poverty reduction, climate change, and
fair consumption. (Goldemberg et al., 1988; Hollander and Schneider 1996; Johansson and
Goldemberg 2002; Mundaca et al., 2018). At the World Summit on Sustainable Development
(WSSD) in 2002, the critical importance of energy transition in the economic, environmental,
and social realms was emphasized (Goldemberg et al., 2004; Bradbrook et al., 2005; Mundaca
et al., 2018). The WSSD recognised the key role clean energy played for human welfare and
identified several key linkages of energy with human health, biodiversity, and agriculture
(Mundaca et al., 2018). While comprehension of how to transform energy, systems have been
widely developed recently, the global energy transition from conventional biomass energy to
alternative green energy sources is still undergoing (Chen et al., 2019).
Energy transition leads not only to new technology but also to frameworks that reflect the
interdependencies between policymaking, evolving the energy infrastructure, consumer
behaviour, environmental impacts, and security of supply (Del Granado et al., 2018; Chen et
al., 2019). The transition to sustainable energy is not moving towards a new energy-efficient
system but also a challenge to confirm that the economic, environmental, and social costs, and
benefits of this shift are adequately handled and can be regarded as sustainable. (Sareen and
Haarstad, 2018; Chen et al., 2019). Renewables have a key role in electricity production which
accounts for almost 50 % of the global electrical generation growth. Renewable technology
has been suggested as a viable alternative to fossil fuels in several studies. According to Yang
and Chen (2013), wind energy is a more cost-effective solution compared to the conventional
sources for energy production. (Yang and Chen 2013; Chen et al., 2019).
The utilization of wind and solar power will result in significant environmental co-benefits in
the entire energy production industry (Yang et al., 2017; Chen et al., 2019). Comello et al.
(2018) have reported that a large and increasing contribution of the power supply is provided
by solar energy. The complete transition towards renewable energy is taking place with greater
focus on green energy equipment and components, as well as renewable energy legislation
(Chen et al., 2019).
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2.2 Sustainability Assessment Definition
Sustainability Assessment is a new scope of an impact assessment. Waas et al., (2014)
concluded that there is an extensive range of SA approaches and thus different definitions. The
most comprehensive definition of Sustainability Assessment is proposed by Bond et al. (2012,
p.2) as “any process that directs decision-making towards sustainability”. Considering the
value of Sustainability Assessment as a key decision-making instrument, and according to
Waas et al. (2014), Sustainability Assessment is explained as an approach that leads to better
recognizing the meaning and contextual interpretation of sustainability, incorporates
sustainability challenges into decision-making through the detection and assessment of
sustainability impacts, and promotes sustainable development objectives.

2.3 Sustainability Assessment Criteria
Sustainability criteria are an important and effective instrument in the decision-making
procedure for Sustainability Assessment (Cloquell-Ballester et al., 2006; Dahl, 2012; Pintér et
al., 2012; Waas et al., 2014). The election of criteria in the Sustainability Assessment of the
energy system plays a central function in determining the viable and suitable options (Wang et
al., 2009; Martín-Gamboa et al., 2017). The development of assessment standards and methods
to evaluate sustainability accurately is a necessity for choosing the appropriate option, advising
designers of interconnected performance of alternatives, and measuring social impacts (MartínGamboa et al., 2017). The abundance of parameters and methods in this rapidly expanding area
demonstrates how significant are the structured and analytical actions in this field (Wang et al.,
2009).
However, since the investigating of the sustainability of the energy transition is from a spatial
perspective, the inclusion of spatial indicators is crucial. The criteria used to evaluate the
energy supply systems in the literature have been categorized into four aspects; economic,
environmental social criteria, and spatial which are summarized in in decision tree, Figure 2
and Tables 12, 13 in Appendix A. The Figure 2 shows the decision tree of typical assessment
criteria of energy systems from a spatial perspective.
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Figure 2. Decision tree of typical sustainability assessment criteria of energy systems from a spatial
perspective.
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2.3.1 Economic Criteria
In addition to the cost-benefit factor, reverse period, construction and operational cost, and the
reduced energy prices, these economic metrics examine the financial dimension of energy
systems (Abu-Rayash, and Dincer, 2019). The energy system is considered effectively
competitive since it provides reasonable profits, runs at reduced consumer costs, and
incorporates effective marketing strategies (Shmelev and Van Den Bergh, 2016). For the
evaluation of economic sustainability, three economic indicators are considered:
2.3.1.1
Investment costs
The cost of the investment covers all expenses related to the procurement of mechanical
equipment, technical installations, road and grid infrastructure, maintenance facilities, and
other construction activities. Investors must consider the risk of the project and the return. The
most used economic parameters for the estimation of energy systems are investment costs
(Begić and Afgan, 2007; Wang et al., 2009; Shmelev and Van Den Bergh, 2016; MartínGamboa et al., 2017; Abu-Rayash, and Dincer, 2019; Ezbakhe and Perez-Foguet, 2020).
2.3.1.2
Operation and Maintenance costs
The costs of processing and repair are divided into two categories. One is the project's expenses,
which include the workers' salary and the money spent on electricity, goods, and energy
network services. Another is repair costs, which tend to improve the energy system's durability
and eliminate damages, which can contribute to its suspension. Operating and maintenance
cost is another economic criterion that is the most used (Begić and Afgan, 2007; Wang et al.,
2009; Shmelev and Van Den Bergh, 2016; Martín-Gamboa et al., 2017; Abu-Rayash, and
Dincer, 2019; Ezbakhe and Perez-Foguet, 2020).
2.3.1.3
Local and regional economic development
Renewable energy sources vary by area and location. It should be incorporated into regional
planning strategies. Local and regional development considers the opportunities to link with
other developments, contribute to the local and regional economic growth, and combining tasks
and investments, and linking to the transition to circular agriculture (Climate Agreement, 2019;
NOVI, 2019). This in terms will allow for raising fiscal, technical, and support resources, as
well as enhancing jobs, and market opportunities. The opportunity for coupling the agricultural
transition with energy transition in the form of solar and wind fields is economically viable
(Omer, 2008; Chel and Kaushik, 2011; Ruban et al., 2020; Ezbakhe and Perez-Foguet, 2020).
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2.3.2 Environmental Criteria
In the assessment of the energy system's long-term durability, the level of impact on the local
environment is critical. The environmental criteria represent the scope of the ecological
suitability of an energy system (Abu-Rayash, and Dincer, 2019). Three indicators have been
adopted to represent environmental criteria, the impact on biodiversity in terms of peat
oxidation and carbon dioxide emissions avoiding, the impact of energy generation farms on the
native surroundings, flora and fauna, Natura 2000, and the impact on elevated values of nature
(Burton and Hubacek, 2007).
2.3.2.1 Biodiversity impact; peat oxidation and CO2 reduction
The impact of large-scale energy generation on biodiversity can be investigated through
analyzing peat oxidation which affects soil quality and local flora, fauna. Due to the accelerated
transformation in agriculture-related to the nitrogen crisis, solar fields will become available in
the agricultural region. In some areas, soil subsidence makes the land wetter. This, due to peat
oxidation, decreases CO2 emissions. Often, the quality of the living conditions of certain
species can improve as the soil becomes wetter due to subsidence (Burton and Hubacek, 2007;
Shmelev and Van Den Bergh, 2016; Martín-Gamboa et al., 2017; Oudes and Stremke, 2018;
Abu-Rayash, and Dincer, 2019).
2.3.2.2 Natura 2000; protected eco complexes
Natura 2000, Nature Network Netherlands, National Parks, and National Landscapes are Areas
Protected nature in the Netherlands (Sijmons et al., 2017). These unique and vulnerable Areas
of Protected nature, with an important function in Europe, enjoy strong legal protection. In
parallel to nature and landscape, other constraints have a key role. These hard restrictions
provide a clear understanding of where there is legal and technical room for wind turbines and
solar panels, with consideration to high standards such as noise zones around residential areas,
safety zones around infrastructure and industry, and radar zones at defence sites (Oudes and
Stremke, 2018; de Vries et al., 2020). Although these critical areas are excluded from the
realization of solar and wind parks, the distance from wind parks to these protected areas should
be considered in the environmental evaluation. As well as the distance to specially protected
eco complexes in the region should be considered.
2.3.2.3 Special ecological function; high nature values
The natural value of an area is an indicator of the quality of an ecosystem. Nature is not
constrained by a protected nature's boundaries. There are several other environments where
significant ecosystem functions are carried out. For instance, buffer zones surrounding
vulnerable natural areas, wild field areas, living areas, forages, nurseries, and rest areas.
(Sijmons et al., 2017). From an environmental perspective, the region profits from the land,
lack interference, and proper implementation. Furthermore, there is a need for connectivity and
interconnection between these regions for species' migration even by air, overland, or by water.
Finally, areas can differ in complexity and diversity. (Oudes and Stremke, 2018; de Vries et
al., 2020). Different wind and solar farms can jointly lead to fragmentation of habitats, barriers
for certain species, and pressure on local populations in the surrounding natural environment
with high nature values.
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2.3.3 Spatial Criteria
Because the sustainability of energy systems fluctuates considerably from geographical
position to the next, the spatial indicator can assume greater or less significance. In addition,
these spatial criteria help to rate sustainability for the selected locations where several
sustainable alternatives can be investigated, visualized, and evaluated (Kropp and Lein, 2012).
The spatial criterion is used to investigate alternative but feasible future energy systems and
provide insight related to the spatial allocation of sustainable energy systems in the context of
various societal preferences. Moreover, the spatial selection criteria are also used to classify
and quantify the impact of local constraints on the capacity of renewable energy systems
(Ramachandra and Shruthi, 2007). Spatial criterion can help to integrate and examine the
various spatial considerations that are frequently inconsistent and important for determining
the energy transition sustainability (Kropp and Lein, 2012). In addition, it could provide
flexibility in enriching the alternatives with geographical analysis on which decisions are based
(Ramachandra and Shruthi, 2007). The spatial principles from the Climate Agreement and the
NOVI provide tools for the regional energy transition: First, landscape restoration and
connecting with area-specific characteristics. Second, land-use change and the economical
multiple uses of space. Finally, demand and supply as close together as possible (Climate
Agreement, 2019; NOVI, 2019).
2.3.3.1 Landscape restoration
Restoring natural and cultural landscapes plays a vital role in the energy transition process.
This implies the preserving of biological and cultural diversity as a complete eco-diversity of
the landscape (Naveh, 2007; Bredenoord et al., 2020). The landscape values can be enhanced
by making parts of the landscape (again) available and enjoyable for recreation. This can be
achieved by retaining and incorporating existing elements in the design and by restoring
structures and landscape elements and matching as far as possible the distinct qualities of the
region (Pasqualetti and Stremke, 2018; de Vries et al., 2020; Matthijsen et al., 2020, b). Spatial
quality should be considered when integrating the energy infrastructure in the existing
landscape (Climate Agreement, 2019; NOVI, 2019). Solar fields and wind turbines provide an
opportunity to encourage the restoration of landscape quality and to enhance ecological values
through a nature conservation design. Natural values can be achieved by effective development
measures at the site: nature-based solutions and extensive management for soil recovery
(Bredenoord et al., 2020; de Vries et al., 2020).
2.3.3.2 Land use change and the economical use of space
Space in the Netherlands is limited and there is a growing demand for nature and the landscape
(Hooimeijer et al., 2001). In addition, the optimal use of roofs and integrated surfaces (parking
areas, business locations, etc.) for energy generation is critical. Therefore, an additional
enhancement is needed in the form of financial rewards and unburdening. In this way,
unnecessary pressure on space can be avoided (de Vries et al., 2020).
The spatial realization of solar and wind farms requires critical consideration of the current
characteristics of the landscape and a cohesive plan for the use of space (Stremke and van den
Dobbelsteen, 2012). This can be achieved by linking to current landscape systems (integration).
For instance, wind turbines follow the line components in the landscape and solar parks are
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connected to the allocation structure. In other cases, the adaption and changing the current
landscape qualities are the optimal alternative. The selection of the appropriate installation
strategy would result in the optimal use of space without affecting the scenery characteristics
(de Vries et al., 2020; Matthijsen et al., 2020, b). Numerous arrangements and multiple
economic uses of space can be created by the smart design, for example, recreation, sports,
education, food production and biodiversity. This will increase the added value of renewable
energy projects and alleviate the impact on the landscape. (Handreiking 1.1., 2019; Climate
Agreement, 2019; NOVI, 2019; Matthijsen et al., 2020, b).
2.3.3.3 Distance to city centres
The spatial location of wind turbines plays a key role in the evaluation of the feasibility of the
future site for wind farms. Wind turbines provide a major visual impact on the relationship
with city centres with their height and therefore coverage over wide distances (Mauro, 2019;
Matthijsen et al., 2020, a). The visual impacts of windmills have the most recognizable effects,
rating higher than other ecological issues including the influence on birds (Drewitt and
Langston, 2006) and noise nuisance (King et al., 2012). In addition, physical characteristics are
of considerable significance. This specifically defines the functions of the wind turbines such
as size, quantity, colour, and rotation speed, the quality of the landscape, and the range from
the spectator. Distance from the spectator, in particular, refers to the distance from certain
visual strategic locations, city centres and facilities as residences and recreational buildings,
local culture, and landmarks (Drechsler at al., 2011; Betakova et al., 2015).
While the installation of wind energy turbines could proceed with hard restrictions, as
previously stated, the distance of the wind turbines from the city centres still has a key influence
on the spatial assessment of energy transition sites (Oudes and Stremke, 2018; de Vries et al.,
2020). The publication 'Guide to the Valuation of the Landscape Impact of Wind Energy' (H +
N + S, 2013) provides recommendations for the installation of wind turbines that should be
taken into consideration. It is not feasible to circle the city where residential, commercial, and
recreational zones with wind turbines in nearly all directions. This induces the negative
sensation of being locked. This is supported by the wind turbines number, the distance between
the city centre and the turbines, and the portion of the horizon covered by the turbines (horizon
occupancy). In the planning process, spatial features, for both environmental and cultural
aspects and distance thresholds from city centres and residential areas, should be determined
before the installation of the wind turbine. This decreases visual and noise effects dramatically
(Betakova et al., 2015).
2.3.3.4 Demand and supply combination
The energy transition requires more space and fundamental shifts of the power grid, above and
below ground. This brings the electricity network's reliability under stress. It is a point of
concern to connect supply and demand. Therefore, the challenge is to ensure a reliable,
affordable, and secure supply of energy. The transition towards renewable sources, the
transformation of electricity networks and the convergence and restriction of space needs for
the production, transfer, storage, and transport of energy as far as possible are crucial (NOVI,
2019). In the Climate Agreement, it has been concluded that loss should be reduced while
transmitting energy between supply and demand. In other terms, bringing supply and demand
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for renewable energy as close together as possible (Climate Agreement, 2019). However,
within the energy transition process, it is not always possible to position supply and demand as
close to each other as possible. The combination of supply and demand frequently conflicts
with an equal allocation of benefits and burdens. The crucial step is that the combination of
supply and demand eliminates the need for infrastructure. Although the whole network already
exists, the concept may be chosen: to select as suitable as possible sites for energy generation
close to the existing infrastructure (Matthijsen et al., 2020, a; Matthijsen et al., 2020, b). Solar
fields, on the one hand, could be clustered on commercial sites, office buildings, sand
extraction areas, waste dumps and roofs of industries and stables, defensive grounds and along
the highways. The wind fields, on the other hand, are distributed across the area with spatial
and planning compatibility. The link between electricity generation and consumption
(households, agriculture, and industry) is required to minimize the amount of infrastructure for
energy production and transportation, the effect on the surrounding environment and the space
needed for energy storage (Climate Agreement, 2019; NOVI, 2019; Matthijsen et al., 2020, a;
Matthijsen et al., 2020, b).
2.3.3.5 Wind and sun combination
The combined use of wind and solar energy is critical to the implementation of the large-scale
grid (Carvajal-Romo et al., 2019; Silva-Leon et al., 2019). Owing to seasonal dependency,
wind and solar are unreliable and inconstant sources at different time spans (Jerez et al., 2013;
Zhou et al., 2018), which create obstacles to the national and regional level of the power grid
(Weschenfelder et al., 2020). Combined wind and solar production provide higher-efficiency
grid usage and lower connection costs (Weschenfelder et al., 2020). Gradually, solar fields
aimed at cable clustering, in which multiple fields are linked to one cable. This results in a
significant reduction of the connection costs. On the other hand, the use of wind, contributes
to more effective grid capacity utilization than solar capacity (factor 2-3). When the share of
wind and solar energy is 50/50, the impact of the grid is the lowest with the largest output (Han
et al., 2019). The landscape during the energy transition process could offer a combination of
additional benefit. Particularly with the region transformed into an energy landscape during the
energy transition process. Wind and solar energy source have different scale and size, therefore,
there are likely to have their own landscape narrative. The combination with new infrastructure
and substations would provide possibilities for a new landscape. (PBL, 2013; Ministry of
Economic Affairs, 2016; Handreiking 1.1., 2019).
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2.3.4 Social Criteria
Social criterion applies to social considerations in the Sustainability Assessment of energy
systems. It considers work creation, which is a central and valuable attribute. It also gives rise
to social awareness and social acceptance. With technology developing, cultures respond to
multiple innovations accordingly. In comparison, certain societies may have some preferences
for an energy system over others. It is indeed essential to analyse and consider the social value
of energy systems. These criteria add meaning to this index as it provides simple and realistic
social outcomes. For the sustainability of energy systems, social aspects are very significant
(Abu-Rayash, and Dincer, 2019). Social criteria are important to measure the effects, explicitly
or implicitly, of the users of the energy system on the social system. Evidently, the proper use
of sustainable energies, for instance, will have a significant social and economic effect by
further creating a stable and reliable supply of energy (Dincer and Acar, 2015). On another
significant point, a crucial part of the social index is social values and ethics (Abu-Rayash, and
Dincer, 2019).
2.3.4.1 local energy ownership and employment /job creation
local energy ownership can be differentiated by a high degree of community engagement in a
program, particularly in the decision-making, as well as a high degree of collective advantages
at the local level (Gancheva et al., 2018). Local energy ownership is strongly connected to the
concept of energy democracy (Angel, 2016). In certain cases, communities have formed publicprivate partnerships that promote joint ownership between public and private partners. So far,
private-public partnerships have contributed to innovative collaborations between RES
cooperatives and communities (Gregg et al., 2020). Local energy ownership will enable the
local community to adopt renewable energy sources and energy management strategies, to
develop innovative smart energy models and distribution chains (Smith et al., 2016). Around
the same time, several types of local energy ownership models, including such Renewable
Energy collectives, will supply the local community with affordable energy, thus bringing
communities closer to energy democracy (Gregg et al., 2020).
Energy supply projects recruit several workers, from design and renovation to demolition, over
the entire lifespan. The energy projects are directly linked to the community, provides more
jobs, and enhances the quality of life (Wang et al., 2009). Local societies, whereby energy
projects have been founded, have been developed and flourished for several years. The
renewable energy systems that provide more employment for locals is conducive to enhancing
the quality of life of local commune (Chatzimouratidis and Pilavachi, 2008). In the decisionmaking procedure for local authorities, employment opportunities generated by power
generation projects is preferred and essential to determine their commitments. (Begić and
Afgan, 2007; Burton and Hubacek, 2007; Chatzimouratidis and Pilavachi, 2008; Wang et al.,
2009; Martín-Gamboa et al., 2017; Oudes and Stremke, 2018; Ezbakhe and Perez-Foguet,
2020)
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2.3.4.2 Social acceptance
Social acceptance reflects an analysis of the views of the local community on energy systems
about the expected implementation of the ventures from the consumer's perspective on energy
systems. This is especially critical because the view of the public and advocacy groups will
affect the time taken to carry out the energy projects. Social acceptance is not represented as a
quantifiable statistic. It is a qualitative criterion, not a quantitative one. The findings of the
survey performed in the local area or community are used to achieve comparative alternatives
interventions against certain requirements (Burton and Hubacek, 2007; Wang et al., 2009;
Shmelev and Van Den Bergh, 2016; Martín-Gamboa et al., 2017; Abu-Rayash, and Dincer,
2019; Ezbakhe and Perez-Foguet, 2020).
2.3.4.3 Coherence with protected village and cityscapes
The ancient city-centre with the historical and cultural boundary is emblematic of the region
and is legally protected. Such aspects of the landscape are noticeable and liveable and are
related to the picture of locals in the area (Johansson and Laike, 2007). Nature and landscape,
in Dutch policy and planning, will form the final component (PBL, 2019). In addition, nature
and landscape have significant social relevance: there is no harmony, regional identity without
integration in nature and coherent landscapes (de Vries et al., 2020). In terms of the energy
transition, wind turbines have a significant impact on the open landscape (Saidur et al., 2011;
Wang and Wang, 2015; Mauro, 2019). Visual and esthetical consequences affect a broad field
and are often the primary reason for rejecting the envisioned wind farms (Petrova, 2013).
Therefore, to enable the planning and decision-making procedure for future energy plants, it is
vital to evaluate the visual effect of a wind farm (Shang and Bishop, 2000). Moreover, it is also
required to recognize the social aspect of any aesthetical quality evaluation of a landscape when
estimating local acceptance of a wind farm, such as perception, coherence with protected areas,
and integration with cityscapes (Daniel, 2001; Oudes and Stremke, 2018; Mauro, 2019; de
Vries et al., 2020).
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2.4 Sustainability Assessment Methods
Energy systems are complicated systems in which Sustainability Assessment involves several
economic, environmental, social, and spatial variables.
2.4.1 Life Cycle Assessment LCA
LCA is a comprehensive instrument for the evaluation of all environmental impacts of products
from the processing, manufacture, usage, and disposal of raw materials (Curran, 1996; De
Felice, Campagiorni, and Petrillo., 2013). It has been officially designated as a powerful
analytical tool that investigates the ecological subsequent consequences of a system over the
life span (Yu, 2009; De Felice, Campagiorni, and Petrillo., 2013).
Life cycle assessment (LCA) can be applied as an ISO proper evaluation tool to examine the
effect of renewable energy systems (ISO, 2006). Bhat and Prakash (2009) addressed that LCA
can be extended to determine the effects of energy transition from different perspectives, such
as emissions, availability of raw materials, and recycling. Ardente et al. (2008) claimed that
LCA is applicable to renewable energy application sustainability assessment. The LCA-based
test, however, is only able to produce an extensive evaluation of one renewable energy system
each time (Bhat and Prakash, 2009).
2.4.2 Multi-Criteria Decision Analysis MCDA
Multi-Criteria Decision Analysis MCDA is one of the most commonly applied Sustainability
Assessment methods in the decision-making process for sustainable energy (Liu, 2007; Wang
et al., 2009; Shmelev and Labajos-Rodrigues, 2009; Boggia et al., 2018). MCDA particularly
supports addressing decision-making challenges, evaluate the performance of proposed
alternatives throughout all sustainability parameters, examine trade-offs, propose decisions,
and analyse the robustness of the decision.
This is when considering, on the one hand, the analytical performance of the considered options
in all criteria and, on the other hand, the preferences of stakeholders in the decision-making
procedure (Geneletti and Ferretti, 2015). MCDA is frequently used to tackle interdisciplinary
and complicated environmental concerns, particularly in energy debates (Mendoza and Prabhu,
2003; Khalili and Duecker, 2013; Fontana., 2013;).
MCDA considered suitable tools as they support dealing with several contradictory criteria in
a systematic manner, with the consideration of various preferences. This is quite relevant in the
energy transition process, where sustainability requirements, diverse and contradictory
opinions from different stakeholders should be considered (Santoyo-Castelazo and Azapagic,
2014). In addition, MCDA is known as one of the most robust strategies evaluating qualitative
and quantitative qualities at the same time (Fontana., 2013).
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2.5 Multi-Criteria Decision Analysis MCDA Techniques
MCDA techniques emerge as efficient decision-support solutions to tackle complicated
problems addressed by opposite goals and interests, uncertainties, non-harmonized data. They
may also offer a structure of evidence-based that encourages decisions of the sustainable energy
transition (Munda, 2005; Wang et al., 2009; Bhardwaj et al., 2019).
A wide range of MCDA techniques has been applied for the sustainability assessment of energy
transition (Marttunen, Belton, and Lienert, 2018; Wu, Xu, and Yang, 2018). In addition,
MCDA techniques have been frequently used for ranking renewable energy sources (Mulliner,
Malys, and Maliene, 2016). Each technique has its own benefits and limitations and areas of
use. No other method dominates. Many approaches can be applied to address a certain problem
and provide a solid knowledge of multi-criteria decision-making (Mulliner, Malys, and
Maliene, 2016; Lee and Chang, 2018).
Furthermore, several implementations of MCDA techniques are typically used to address
multi-objective renewable energy issues. For example, to analyse electricity generation from
sustainable energy options in residentials in Algeria, the fuzzy Preference Ranking
Organization Method for Enrichment of Evaluations PROMETHEE model was used by
Seddiki and Bennadji (2019). They concluded that photovoltaic panels were the best choice
due to their promising repayment time and energy consumption. Ighravwe and Babatunde
(2018) conducted fuzzy Technique of Order Preference Similarity to the Ideal Solution
TOPSIS to perform their research. TOPSIS is used to identify biomass as Nigeria's most
effective renewables supply. In a local group in Germany, the merger between multidimensional sensitivity analysis and Multi-Attribute Value Theory MAVT was conducted by
McKenna et al., (2018) to assess the renewable power systems.
The main result that the better options were those that maximized environmental efficiency as
well as local energy independence. Furthermore, a comprehensive review of sustainable energy
options for electrical power production in Taiwan was carried out by Lee and Chang (2018)
using four MCDA methods (TOPSIS and Elimination and choice expressing the reality
ELECTRE) and found that hydroelectricity is the best solution for all methodological
processes.
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2.5.1 Analytical Hierarchy Process (AHP)
AHP is a structured technique of multi-criteria decision making (MCDA) used in finding a
solution to the difficulty of location selection (Saaty, 1988, 2016). AHP is used to tackle
complicated decision-making challenges through a variety of domains, including energy
planning (Aras, Erdoğmuş, and Koç, 2004). It is used often to measure renewables and address
the decision-making challenges often faced in the area of energy transition (Ahmad and Tahar,
2014).
AHP analysis all qualitative and quantitative dimensions of assessments in a set of one-on-one
comparison. AHP is able to simplify nuanced judgments by helping to define and weight the
evaluation criterion, reviewing the information obtained for the standards, and accelerating the
procedure of decision-making (Saaty, 1988, 2016). Furthermore, AHP assists in the elimination
of prejudice in the decision-making and thus helps teams avoid typical mistakes in the decisionmaking process, which can discourage teams from making the best decision (Dweiri and AlOqla, 2006; Ali and Al Nsairat, 2009; Mahalik, 2011).
AHP methodology is formed based on decomposition, comparable decisions, and priority
synthesis. Decomposition splits the issue into its key components: a goal, a collection of
assessment parameters, and a decision matrix. To extract the criteria weights and relative
preferences of alternatives available, pair-wise comparison of criteria and investment
alternatives require comparative decisions. Finally, the preferences of the proposed alternatives
in addition to the weighting criteria are outlined in the final ranking founded on which the best
alternative is determined (Saaty, 1988, 2016). For the objectives of this study, the AHP
technique has been used.
Several kinds of AHP research have been carried out in the energy transition domain. For
example, for the study of the influence of power plants on living standards and the quality of
life, Chatzimouratidis and Pilavachi (2008) applied AHP, considering environmental, spatial,
and social parameters. The findings reveal that solar energy and wind power plants are the most
balanced under various parameters. Tsoutsos et al. (2009) based on the involvement of
stakeholders at multiple levels, local, national, and global, within the energy transition
procedure have conducted a multi-criteria method to sustainable energy system planning in
Crete.
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Economic, technical, social, and environmental criteria have been used in the sustainability
assessment. Karger and Hennings (2009) carried out an AHP multi-criteria approach to
assessing distributed generation technologies to ensure sustainable generation of electricity
using fiscal, financial, social, and technological criteria. Research has shown that technological
and economic process parameters have significant importance. Amer and Daim (2011) used
AHP in the assessment of four categories of renewable energy choices. A number of 20 subcriteria were used, in the main areas of technology, economy, social, and environment. The
findings show that biomass and wind energy are preferable alternatives.
AHP technique was applied by Ahmad and Tahar (2014) to classify the best sustainable energy
sources in Malaysia. The research considered 12 sub-criteria were included in the dimensions
of technology, economy, social, and environment. The findings suggest that performance and
CO2 are the second and fourth most relevant parameters, respectively. In Malaysia, Solar PV
was highly recommended that as the best Renewable energy source ahead of biomass,
hydropower, and wind power. An inclusive Multi-criteria framework was developed by Stein
(2013) to examine the classification of multiple energy sources with 11 criteria founded on
actual statistics. The research revealed that the most combined importance was solar, wind,
hydropower, and geothermal.
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2.6 Previous studies
Previous studies, according to Kumar (2018), examined and characterized the background and
nature of a well-defined research problem with reference to the relevant literature. The previous
studies should explain the essence of the problem being studied, its complexity, and the degree
to which prior studies have clearly addressed the issue, highlighting the gaps that the research
aims to address. Previous studies were conducted by using Google-scholar, Scopus, and the
Web of Science. In addition, it was used to structure the problem description from scientific
and social perspectives. Moreover, the sustainability assessment theoretical framework was
developed by the previous studies.
The Scientific study, Policy document study, and Web platforms are used to obtain information
on the context and criteria for the appraisal of the transition towards renewable energy systems.
The results of the Scientific study and Policy document study can be found in chapters two and
five. This provides the answer to Sub-Research Question 1 and the first part of Sub-Research
Question 2.
2.6.1 Scientific study
Scientific study has been conducted to gain a comprehensive understanding of sustainability
assessment and energy transition concepts, theories, and methods. Scientific study is used to
define multiple assessment criteria and the derived tools for this assessment. In particular, the
combination of spatial criteria to the economic, environmental, and social criteria. The spatial
and social aspects, as a qualitative criterion, have been distinctly analysed to understand their
main components, associated with energy systems as fundamental concepts in environmental
sustainability.
The sustainability assessment framework entails a set of fourteen specific indicators for the
four main categories: economic, environment, spatial, and social. This framework is based on
Qualitative Comparative Analysis that includes both qualitative and quantitative approaches.
Each indicator in this framework has been supported with Scientific literature reviews and a
wide explanation. Furthermore, Scientific literature on Multi-Criteria Decision Analysis
MCDA methods evolved by Geneletti and Ferrettihas (2015) been extensively studied to
explain the general key stages of MCDA. Also, a literature study has been made on Analytical
Hierarchy Process AHP which is the most appropriate technique in finding the best solution
for the energy system. This Scientific literature review has resulted, in chapter two, with the
sustainable and spatial principles of the theoretical framework of the Sustainability Assessment
approach in this thesis.
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2.6.2 Policy document study
Policy document study was also conducted in a parallel way with the scientific review. Policy
documents include political and government materials related to renewable energy. This
involves Regional Energy Strategy RES, Regional account holders RES, guide-valuationlandscape-effects-wind energy, and Smart Switch Report. Policy document study is crucial as
they provide a generic, comprehensive, and delegated overview of the various energy system
implementation structure, policies, initiatives, and projects towards sustainable energy
transition. These documents are used to provide adequate information for indicators, the case
study, and energy transition alternatives. These documents are examined and analysed carefully
because they offer sufficient data about the several levels of regional policy in accordance with
their vision and priorities. Data for the different alternatives performance assessment was
obtained, in chapter five, through analyses of relevant policy documents and technical
databases. This also involved reading complete guidelines, impact papers, minutes of meetings,
social media analysis.
2.6.3 Web platforms
To consider the spatial scope of the case study, alternatives analysis, and interconnections with
the region, several web platforms, and websites have been intensively used. Google Maps, Arc
GIS, and Geodon Maps viewer have also used to examine the context of the case study as well
as extract spatial background information relating to the considered criteria in the NorthVeluwe region. In addition, crucial maps have been compiled, examined for their importance,
and then analyzed such as land use plan, landscape types, potential sun, and substations,
potential wind, value map, and electricity network maps.
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2.7 Conceptual Framework
The Figure 3 shows the conceptual framework for Sustainability Assessment.

Figure 3. Conceptual framework for Sustainability Assessment.
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3 Case Study
3.1 Case Description
Energy transition has a key role in tackling climate change. In the Netherlands, the key task is
the contribution to the spatial realization of long-term alternatives and the advancement of the
transition to renewable energy systems. Reducing energy consumption, enhancing energy
quality, and rising renewable energy production are the three main elements of the sustainable
energy transition. All three have spatial significance while providing the ability to effectively
solve other-than-energy issues. During the energy transition, however, the key concern has
been on the position of energy infrastructure and technology as well as the implementation of
long-term alternatives at both local and regional planning levels (Pistoni and Stremke, 2019).
As stated before, RES of the North-Veluwe region, as Figure 4 shows, is a part of thirty
Regional Energy Strategies RES have been developed in accordance with Climate Agreement
(2019).

Figure 4. Left: Thirty energy regions in the Netherlands. Right: North-Veluwe Region. (Reginal
Energy Strategy Regio Noord-Veluwe, 2020, pp. 8,22)
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The North-Veluwe region is in the province of Gelderland and includes the territory of seven
municipalities: Elburg, Ermelo, Harderwijk, Hattem, Nunspeet, Oldebroek, and Putten. This is
within part of the work area of the Valley and Veluwe water board. The North-Veluwe is a
vibrant region characterized by the different gradients of landscapes as Figure 5 shows. It is
located between the Randmeer coast, the Ijssel, and the wooded Veluwe. The region is rooted
in cultural heritage, historical archaeology, and unique nature, and there is a large diversity of
flora and fauna.

Figure 5. The different landscape types in the North-Veluwe Region. (Reginal Energy Strategy Regio
Noord-Veluwe, 2020, pp.22)

In 2017, the municipalities in the North-Veluwe region studied the massive challenge of the
emerging energy transition. The North-Veluwe region was one of the seven national pilot
regions from the Green Deal Regional Energy Strategy. Several studies by different
governmental parties were carried out as part of this process. The main purpose was to
investigate the regional effect of the renewable energy transition and what is needed to attract
public support. All municipalities in the RES region of North-Veluwe, Liander, the province,
the Valley and Veluwe water board, and the Gelderland Energy Cooperative Association are
committed to the objectives of the Gelder’s Energy Agreement GEA through a comprehensive
consultation with stakeholders. By 2030, the target in the short term is 16% renewable
generation. In 2050, the targets on the longer term, 55% CO2 reduction in 2030 compared to
1990 and energy neutral.
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RES of the North-Veluwe region addressed two main themes: electricity and heat in the
sustainable energy transition. The electricity theme is a deepening of the spatial integration and
the net impact. The RES included descriptions of the potential electricity to be produced in
Megawatt (MW) and the projected capacity in MW for renewable energy on land and its
importance for electrical infrastructure. This considers spatial quality, regional prospects,
social cost-effectiveness, public support, and recognition of other spatial interests, as outlined,
and described in three variables. The scale of the energy transition has a significant impact on
how the landscape is used and experienced. For energy generation and (yet-to-be-built)
infrastructure, there is a need for large space. Meanwhile, continuing to increase the
sustainability of agriculture, housing, nature, water tasks, and several other tasks, necessarily
involve additional room. As a result, three spatial variants were developed for large-scale
sustainable electricity generation in the North-Veluwe region. Each of which includes 0.5 Tera
Watt Hour (TWh) of large-scale electricity production but varies from the spatial interpretation,
the effect on the performance of the electricity grid system and the social, and administrative
support (Regionale Energie Strategie Noord Veluwe, 2020). However, there is missing of
specific research to analyse and evaluate the most sustainable alternative which considers the
spatial aspect with the three pillars of sustainability: environment, social, economic. This
assessment will support decision-making regarding sustainable energy transition.

3.2 Alternatives Description
Large-scale generation of renewable electricity has a significant spatial effect. In a scarce-space
country like the Netherlands, and certainly in a region like North-Veluwe, it is difficult to
incorporate renewable energy projects such as solar power and wind farms (Matthijsen et al.,
2020, a). A major percentage of the North-Veluwe region has a nature policy designation, such
as Natura-2000, Gelderland Nature Network (GNN), Green Growth Zone (GO), Meadow Bird
Area, and Goose resting area. This makes the incorporation of large-scale sustainable
generation a complicated process and poses (hard or soft) barriers to the realization of solar
and wind energy. That most of the policy fields overlap among each other. For instance, the
Natura 2000 region also exists within the Gelderland Nature Network. Consequently, the
agricultural property is part of the Gelderland Nature Network or the Green Development Zone.
Because there are still a variety of preferences to be considered, three variants were developed.
Each variant based on its own line of reasoning and contains potential areas for solar and wind
energy (Regionale Energie Strategie Noord Veluwe, 2020).
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3.2.1 Alternative A - Existing initiatives and transformation
This alternative includes locations where initiatives are still under construction and locations
as Figure 6 shows, after roofs, that are high on the Zonnewijzer of the Gelders Energy
Agreement (GEA, August 2019). This ensures avoiding nature conservation areas. In this
alternative, agricultural lands are preserved as far as possible. The production of wind energy
is confined to three potential places for wind clusters, including Lorentz, Hattemerbroek, and
Nuldernauwkust. These sites are in line with existing initiatives and are often listed as
convenient locations. Seven wind farms are presently being constructed at the junction of
Hattemerbroek: four turbines at Oldebroek municipality, and Lorentz, three turbines, at
Harderwijk municipality. In this alternative, the Hattemerbroek potential area is a line
arrangement parallel to the four turbines already constructed. The search area of
Nuldernauwkust is focused on a line structure along the A28. Lorentz involves two additional
generators on or near the business property. Solar farms are realized on business facilities,
parking spaces landfill sites, roofs of industries, and on defensive property. In addition, there
is a probability that areas will become available in the agricultural land because of the rapid
transition in agriculture because of the nitrogen crisis. Possibilities for limited and scattered
use of solar fields can take place at these locations. To this end, a connection is formed with
the nitrogen dataset at the national and regional levels (Regionale Energie Strategie Noord
Veluwe, 2020).

Figure 6. Alternative A- Existing initiatives and transformation. (Reginal Energy Strategy Regio
Noord-Veluwe, 2020, pp.34)
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3.2.2 Alternative B - Proportional coast and clean Veluwe
This alternative protects the Veluwe's wooded and heather-rich section from wind and solar
energy farms as Figure 7 shows. This variant involves the construction of solar fields and wind
turbines all along the Randmeer zone. Throughout this sense, the forested and heather-rich
portion of the North-Veluwe is being protected, whereas a great deal of energy is being
produced with almost all municipalities. Sustainable electricity production is distributed
equally among the seven municipalities. Profits from solar power plants would be a linking
opportunity in the transition towards sustainable agriculture. In comparison, this alternative
depends on the conservation of smaller habitats by the preservation or construction of different
landscape aspects. Besides that, there is a high chance of connecting the energy transition to
the agricultural transition without impacting the meadow bird field. Several current activities,
in Polder Oosterwolde, can be linked with the incorporated area approach, such as reducing
subsidies and peat oxidation, sustainable agricultural transition, and sustainable energy
transition (Regionale Energie Strategie Noord Veluwe, 2020).

Figure 7. Alternative B- Proportional coast and clean Veluwe. (Reginal Energy Strategy Regio NoordVeluwe, 2020, pp.38)
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3.2.3 Alternative C - Free birds and local initiatives
This alternative is restricted to only two wind clusters as Figure 8 shows. These locations are
where wind power has already been established. The rest of the region, including the forested
Veluwe and Randmeer, will be spared from wind clusters. Moreover, this alternative allows
for approximately ten village turbines to be distributed throughout the area while local
initiatives from villagers and neighbourhoods are present. The main significance is placed on
sites with surplus buildings such as farm buildings or parcels. There are high opportunities that
small-scale landscapes can be reclaimed and expanded, where feasible, if these locations are
remedied or enhanced, in conjunction with the construction of solar fields. In this alternative,
solar farms and wind turbines are mostly combined and replaced in the Veluwe and small-scale
agricultural landscapes. For example, At the industrial junction of Hattemerbroek and Lorentz,
wind clusters and solar fields are mixed as far as possible to create energy landscapes connected
to sustainable industrial sites (Regionale Energie Strategie Noord Veluwe, 2020).

Figure 8. Alternative C- Free birds and local initiatives. (Reginal Energy Strategy Regio NoordVeluwe, 2020, pp. 43)
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4 Method and data
This chapter outlines the research plan for this master thesis as it shown in Figure 9. The
purpose of this chapter is to establish a coherent methodological structure that systematically,
and comprehensively examines the sustainability of current energy transitions towards and how
stakeholders’ preferences vary spatially through the considered region.

Figure 9. Overview of Research Plan.
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4.1 Research Design
Research, as described in Healey (2015), is an observation into a world of experience that
converts perceptions to new concepts. A research design is the route plan that the researcher
must pursue to obtain answers to the questions of research along the research trip (Kumar,
2018).
This research aims to assist and support the decision-making of the most sustainable
development energy transition alternatives for large-scale sustainable electricity generation
from the planning perspective. To answer this question, the research design which is used for
this research is a case study. Regional Energy Strategy in the North-Veluwe region is used
(chapter 3, 4, and 5), as a case study, in this study to strengthen and verify the criteria from the
literature (chapter 2). This case study relies on criteria and concerns to strengthen and broaden
the economic, environmental, social, and spatial criteria that will lead to a more rigorous and
sustainable proper conclusion in terms of renewable energy systems. Another significant cause
is the opportunity to work with a broader collection of information – records, artifacts,
interviews, and findings – than would be possible in a typical analysis (Yin, 2009).
A case study is a chosen and well-defined component of a historical occurrence used for
interpretation, according to Bennett (2004), and techniques of case research apply to both
inside-case analysis and cross-case comparison among a limited number of cases that lead to
the construction of theory. The research design of a case study usually involves descriptive
qualitative methods; however, numerical quantitative methods are frequently applied.
Case studies are valuable for demonstrating, evaluating, examining, and understanding
multiple facets of a research problem (Kumar, 2018). This definition matches well with the
case study analysis used in this research, but in addition to this, Creswell (2017) described the
case studies and added several essential elements that are also relevant as the case study is a
qualitative approach whereby the analyst investigates a policy, event, operation, and
mechanism in detail.
A case study is a new phenomenon that takes place in a real-life environment. This suggests
that the researchers had no influence out over events that have occurred (Kumar, 2018).
Consequently, in this research, the case study is examined from the outside perspective. The
case study has the potential to help in the representation of the parameters. In addition to a
literature review, semi-structured and structured interviews will be performed in the case
studies.
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4.2 Interviews
Interviews differ in terms of style and function, according to Kumar (2018). Therefore, there
are flexible, but unstructured interviews and interviews that are often inflexible but structured.
For this research, two types of interviews were conducted to collect data, semi-structured
interviews, and structured interviews through a questionnaire. Discussing these two interviews
should provide a clear insight into the extent to which the results might have been influenced.
4.1.1 Semi-structured interviews
Semi-structured interviews were performed as a first and preparatory stage before the
conduction of the structured interviews through a questionnaire.
To obtain more in-depth knowledge on the evaluation of energy system transition and to
complete and validate information obtained via online study and document analysis, semistructured interviews with experts/key informants were performed via skype call with three
members of the Regional Energy Strategy North-Veluwe steering group (participants from
province of Gelderland, participant from Ermelo municipality, and one participant from Over
Morgen Consultancy). Table 2 provides a description of participants.
The main results from these semi-structured interviews were to adjust and test the AHP matrix
and the set of indicators before performing the questionnaire with the wider group of
stakeholders. The semi-structured design of the interview enabled every interviewee to deliver
an open response. Consequently, the interviewee might clarify further without any deviation
from the subject. The interviews were conducted using a Creswell-based interview procedure
(2017). The same questions were posed to all interviewees.
The interview protocols were, however, formed according to an interviewee's background. The
interview directions on the Regional Energy Strategy, the evaluation process, and the criterion
(see Appendix C) were drawn up in advance, however, the purpose of certain questions was
primarily focused on missing details, mainly related to the proposed alternatives from the RES
North-Veluwe.
Using a semi-structured interview, we asked the participant to give their critical opinion of the
alternatives we examined in comparison with the findings of the literature. In addition, they
could provide us with unseen factors (power relations, particular preferences, etc.) and existing
and new procedure developments. Interviews were performed between 05-09-2020 and 15-112020.
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Interviews were planned by personal contact and coordination with the RES North-Veluwe
council. The interviewees were full-time team members and held the position of account holder
energy transition, policy officer sustainability, and program manager sustainability. This
provided the opportunity for the interviewee to be associated with the internal structure of the
RES as well as to be involved in the relevant activities. Due to the time limitations, no further
interviews were planned with other involved stakeholders. The interviews were held with the
previous permission of the interviewee, and several comments were provided during the
interview. The interviews have a length of 30 to 45 minutes. The interviews were recorded with
the use of the web app Voice Recorder. For ethical reasons, the interviewees' privacy is secured.
The names of the interviewees in the current study are anonym. interviewees were mentioned
in the study as Interviewee 1, Interviewee 2, and Interviewee 3.
An interview summary has been produced that includes all the material of the interviews
transcribed. The accessibility to this report can be given, after consulting with the
interviewer/author.

Interviewees

Stakeholder Group

Position

Organization

Interviewee 1

Policy adviser

Account holder
energy transition

Gelderland Province

Interviewee 2

Policy maker

Policy officer
sustainability

Ermelo Municipality

Interviewee 3

Spatial expert

Program manager
sustainability

Over Morgen
Consultancy

Table 1. Overview about semi-structured interviewees
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4.1.2 Structured interviews through a questionnaire
Structured interviews were the primary and crucial tool to find out the weighting of criteria
required for conducting this study.
One of the key benefits of a structured interview is that it offers consistent knowledge that
guarantees data comparability. Structured interviews require fewer skills for interviewing than
unstructured interviews do (Kumar, 2018). The structured interview method has been used to
elicit answers from the relevant stakeholders on the prioritized criteria in each category of the
assessment framework. The answers to the parameters as seen in Table 1 (The typical
assessment criteria of energy systems from a spatial perspective) were compared to each of
them in the questionnaire, using pair-wise comparison. The questionnaire itself was designed
to be realistic, simple, and fast by using an online sample (Creswell, 2017). The results were
further used to address the second and third sub-research questions: the assessment of the
performance of different alternatives and mapping the major variations in prioritised
parameters across the seven municipalities in the North-Veluwe region.
4.2.1.1
Questionnaire structure
The theoretical framework was translated into 11 questions to investigate sustainability and the
preferences of stakeholders of the North-Veluwe about energy transition in a symmetrical way
(Appendix B). The main structure of the questionnaire was split into five thematic topics:
A: General questions: This topic covered the related to the main objectives of the energy
transition and what is the degree of significant from their perspective as experts.
B: Preferences of main categories: This topic concerned with two questions. First, the
participants were requested to rank the four main categories of the assessment framework;
economic, environmental, spatial, and social then the participants were asked to prioritize these
four essential categories in a pair-wise comparison. A detailed example, as Figure 10 shows,
was provided to illustrate the weight and adequate way to perform this comparison in a proper
manner.

Figure 10. Example of pair-wise comparison between two criteria.
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C: Preferences of sub-categories: As each category from the four main categories contains
several sub-criteria. The assessment process was established on a pair-wise comparison for the
sub-criteria within each category. A brief explanation of the proposed criteria and sub-criteria
was attached to give a complete perspective about the assessment process. Each question has
encompassed one of the main categories; economic, environment, spatial and social.
D: Propositions about indicators: This topic gave the opportunity for the participants to
express their suggestions or recommendations regarding previous categories and indicators of
the energy transition in Noord-Veluwe.
E: Background information: The main objective of the questions in this topic was to
determine the job title of the participants, the group of stakeholders they represent, and the
region or municipality to which they represent.
4.2.1.2
Questionnaire participants
Multiple groups of stakeholders were selected as respondents: regional and local government
boards, policy advisers, environmental organizations, businesses, the development sector, and
non-governmental organizations. Table 4 provides an overview of questionnaire stakeholders.
Although Geneletti and Ferretti (2015) proposed the inclusion of the local society and end
consumers into account in establishing the sustainability assessment criteria, this research
considered that the selected consultants had further information sources, networks, and
influence in the decision-making phase of the energy transition. Therefore, participants who
were interviewed are all experts in their professional domain and almost all the time
representatives of an actor association or governing body.
The case study was selected for this research is to investigate the robustness of the results. It
turns into the foundation of a detailed, holistic, and in-depth exploration of the investigated
topic (Kumar, 2018). For this analysis, a stratified objective (Babbie, 2007) sampling was used
to collect data from different stakeholders in the case study, as seen in Table 4, by taking a
representative group of key important stakeholders in the decision-making process of energy
transition projects.

44

SUSTAINABILITY ASSESSMENT OF REGIONAL ENERGY STRATEGY IN THE NORTH-VELUWE REGION

Stakeholder

Stakeholder Group

Position

Organization

Participant 1

Policy adviser

Account holder energy
transition

Gelderland Province

Participant 2

Policy adviser

Program manager
sustainability

Hattem Municipality

Participant 3

Investor

Director of Energy
cooperative Endura U. A

Gelderland Province

Participant 4

Policy maker

Policy officer
sustainability

Harderwijk Municipality

Participant 5

Policy maker

Program manager
sustainability

Ermelo Municipality

Table 2. Overview about questionnaire stakeholders
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4.3 Research Methodology
AHP is the main methodology used to answer the research questions. AHP is successfully
applied for realistic MCDA methods in ecological, economic, social, and industrial systems,
as well as to the renewable energy transition systems (Wang et al., 2009). AHP is a structured
decision analysis methodology that uses a pair-wise comparison of assessment criteria and
alternatives to measure the ratio-scaled value of alternatives. It is founded on the breakdown
of a complicated decision into a hierarchy, with the target at the top, main criteria, and subcriteria at different standards, and alternatives at the bottom.
AHP is a weighted sum process. When the weights have been calculated, each performance is
multiplied by its weight at every level. Then, the weighted performances are summed to obtain
the score at the highest level. The method is repeated upwards, at each hierarchical level, until
the topmost of the hierarchy is achieved. The total weights for each decision alternative are
then calculated. The best alternative is the one with the highest-ranking (Saaty, 1988, 2016).
AHP consists of the following five essential steps: First step is model building; Second step is
pair-wise comparison of main criteria; Third step is pair-wise comparison of sub-criteria;
Fourth step is pair-wise comparison of alternatives; Final step is alternative ranking (Saaty,
1988, 2016). Figure 11 shows the five main steps of AHP methodology in the best alternative
decision.

Figure 11. Five steps of AHP Methodology. Illustrated by author, based on Saaty, (1988,2016)
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4.4 Data Analysis
The AHP procedure begins with the construction of the hierarchy depicted in Figure 10 and
concludes with the identification of significance values for the proposed options through a
pairwise comparison decision matrix. The main steps in establishing an AHP framework are:
4.4.1 Model building
The decision problem was constructed in a hierarchy of four levels as is shown in Figure 12.
The first level starts with the goal: best energy transition alternative at the top level. This was
followed by the level of criteria: economic, environmental, spatial, and social criteria. The
third level consists of 14 sub-criteria for each main criterion: 3 for Economic, 3 for
Environmental, 5 for Spatial, and 3 for Social. Ultimately, the fourth level is for three
alternatives at the bottom-most level.

Figure 12. AHP hierarchical model for Sustainability Assessment
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4.4.2 Pair-wise Comparison of Main Criteria
Comparisons at the respective level with a numerical value assigned are used in the form of
pairs to assess the value of alternatives. The pair-wise comparisons are produced for each main
criterion, with consideration to the accomplished goal.
Pair-wise comparison is based on a nine-point scale for the assessment of relative importance
of values as presented in Table 3 (Saaty and Vargas, 2013, pp.3). This scale can be broadly
utilized to both numerically determined and non-numerically defined criteria.
Intensity of importance

Definition

1

Equal importance

2

Weak or slight

3

Moderate importance

4

Moderate plus

5

Strong importance

6

Strong plus

7

Demonstrated importance

8

Very, very strong

9

Extreme importance

Table 3. Numeric comparison scale (Saaty and Vargas, 2013, pp. 3)

The decision-makers are expected to choose between two elements on the nine-number scale
that are at the same hierarchical level, in addition, to quantify the decision-making process by
assigning a numerical value to the criteria. As a result, the questionnaire was created based on
a pairwise comparison to obtain the experts' opinion as shown in Figure 10. The fundamental
question requested in the questionnaire was: How much more important is criterion A than
criterion B in the in North-Veluwe energy transition, on a nine-point scale?
The following equations represent an algebraic representation of the reference matrix (Waris
et al., 2019, pp. 6):
𝑎11
𝑎21
A= [ ⋮
𝑎𝑛1

𝑎12
𝑎22
⋮
𝑎𝑛2

… 𝑎1𝑛
… 𝑎2𝑛
…
⋮ ]
… 𝑎𝑛𝑛

(1)

This matrix (A) reflects the assessments or relative value as n × n matrix of alternatives, where
"n" is an estimated number of criteria.
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Equations represent the features as follows:
𝑎𝑖𝑗 = 1
𝑎𝑖𝑗 =

i=j,

1
𝑎𝑖𝑗

,

(2)
(3)

While 𝑎𝑖𝑗 can also be written as
𝑤

𝑎𝑖𝑗 = 𝑤 𝑖 ,
𝑗

(4)

4.4.3 Pair-wise Comparison of Sub-criteria
The pair-wise comparisons in this level are for each sub-criterion, with consideration to each
main criterion. The same steps as mentioned before will be followed.
4.4.4 Pair-wise Comparison of alternatives
The pair-wise comparison will be performed at the bottom level of the decision matrix for each
alternative, with consideration to each sub-criterion. The performance of the three alternatives
will be discussed in the Result chapter.
4.4.5 Alternative Ranking
4.4.5.1
Deriving Relative Weights
For each comparison matrix, the eigenvector method is used to calculate the relative weights
for every criteria and sub-criteria in the decision matrix hierarchy (Waris et al., 2019).
The weights of decision components are calculated by the comparison of the standardized
eigenvalue to the primary eigenvalue (Saaty and Vargas, 2013; Waris et al., 2019, pp. 6). The
matrix (A) in equation (2) can be expressed, according to the equations (2)– (4), in equation
(5) as follows:
5
6

(5)

7
8
9

The eigenvector w is calculated as follows:
W= (w1 +w2 +w3 + …. +wn )

(6)

W represents eigenvectors and a represents columns of the decision matrix. The eigenvector is
computed by the geometric mean. The calculation is performed by multiplying every row of
the decision matrix. Since (n) is given, the nth root of the multiplication is taken. The
standardized roots are finally achieved by deriving the sum and dividing by the final result.
The consistency must be tested before completing the results.
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4.4.5.2 Checking the Consistency Ratio
A significant attribute of AHP is the mensuration of the Consistency Ratio (CR). The optimum
decision-making in pair-wise comparison is primarily correlated with the permitted consistency
ratio rating (Waris et al., 2019). Consistency Ratio (CR) and Random Consistency Index (RI)
are calculated in equations (7) and (8) as follows (Ahmad and Tahar, 2014, pp. 4):
CI = (𝜆max − n)⁄(n − 1)

(7)

Where (𝜆max is the maximum eigenvalue of the comparison matrix, and n is the number of
elements in the decision-comparison.
CR = 𝐶𝐼⁄𝑅𝐼

(8)

Where RI is the Random Consistency Index.
After pair comparisons were completed, the analyses were performed using Super Decision
software. The essential analysis is to verify the consistency of the judgments. The decisionmaker can unconsciously undervalue comparisons with significant decision-making issues.
therefore, in a pair-wise comparison, the consistency of matrixes should be achieved. When
the matrix is inconsistent, a re-evaluation should be performed until the accepted consistency
is reached.
Super Decision software calculates the inconsistency ratio for each matrix in the pair-wise
comparison. Inconsistency Ratio is used to verify the relevance of comparisons in pairs. The
inconsistency ratio should be less than 0.10, for a pair-wise comparison matrix to be recognized
as consistent (Aras, Erdoğmuş, and Koç, 2004).
4.4.5.3 Synthesizing Results
The final step is the integration of the decisions across diverse hierarchical levels thus the
alternatives are given an aggregate preference score. This begins with the aggregation of
relative values at all hierarchical levels for each group of alternatives. Then, these values are
applied together to determine each alternative's total score or criteria-weight. This results in the
achievement of standard local priority vectors. The ultimate preferences are generated by the
aggregating of the local priority vector product with the relative weight of each alternative.
This aggregation process is a bottom-up process that ends with the highest-level goal. The
summation of all alternative weights and their associated value equals 1.00. Equation (9)
provides a simplified mathematical formula for aggregating criteria weights at various
hierarchy levels (Waris et al., 2019, pp. 6):
Final weight of criteria = ∑[(𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒𝑠 𝑤𝑖𝑡ℎ 𝑟𝑒𝑠𝑝𝑒𝑐𝑡 𝑡𝑜 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎) ×
( 𝑖𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎)]
(9)
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5. Results
In this chapter the findings concerning the pair-wise comparison between main and sub-criteria
and comparison of alternate and synthesized findings are submitted based on the AHP steps,
and decision models previously developed in Chapter 4 of this study.

5.1

Criteria Prioritisation

5.1.1 Pair-wise Comparison of Main Criteria
The participants' decisions were inserted into the decision matrix and the consistency ratio was
calculated. The decisions were approved if the Inconsistency ratio was equal to or less than
0.10, according to Saaty and Vargas (2013). Pair-wise comparisons were conducted after
obtaining consistent judgments across all participants, then the overall findings have been
generated by the geometric average approach. Table 4 depicts the pair-wise comparisons for
main criteria and their respective priority vectors in relation to the comprehensive goal of the
decision-making process.
The matrix diametrical worth is equivalent to 1. This demonstrates that the weight of the
criterion in relation to itself will always be 1. This matrix has an Inconsistency ratio value of
0.07. Since this ratio is less than 10%, thus, the main criteria matrix is considered reliable for
additional comparative analysis. The bold numbers indicate that the row criteria are favoured
over the corresponding column criteria. The numeral representations of decisions would not
imply that one criterion is favoured over another. However, the relative priority vectors for all
main criteria hold real significance, computed, and tabled in the comparison matrix's last
column.
According to the decision matrix findings, environmental and social criteria are the two key
criteria, with proportional weights of 0.51 and 0.27, respectively. The third most critical
criterion is the spatial aspect while the economic aspect is the least.
Main Criteria

Economic
criterion

Environmental
criterion

Spatial
criterion

Social
criterion

Priority
vector

Economic
criterion

1

1/5

1/3

1/3

0.0752

Environmental
criterion

5

1

3

3

0.5083

Inconsistency
Ratio

0.07
Spatial
criterion

3

1/3

1

1/3

0.1512

Social
criterion

3

1/3

1/3

1

0.2653

Table 4. Pair-wise comparison matrix for Main Criteria.
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5.1.2 Pair-wise Comparison of Sub-criteria
The next step, after computing the priority vectors of the main criteria, is to begin the
comparison in pairs of the sub-criterion of relevant main criteria. The comparison procedure
stream of this sub-criteria is analogous to the prior process for the main criteria matrix in section
5.1.1 in terms of priority vectors and inconsistency ratio. The pairwise comparison matrix for
all 14 sub-criteria is shown in Tables 7–10, with their respective main criteria. The bold
numbers in the matrix showed numerical representations of decisions which indicate that the
row criterion is preferable over the column criterion. The grey cells, on the other hand, showed
that both the row and column criteria are recognized as equally important. The pair-wise
comparison of all sub-criteria of four main criteria were shown in these matrices 5 to 8.
In this study, the inconsistency ratio for pair-wise comparison in some sub-criteria was larger
than 0.10. Therefore, some weights were reassigned to have acceptable inconsistency. This was
adjusted in two cases as shown in Table 9. First, in terms of Spatial sub-criteria, the
inconsistency was 1.122 > 0.10 and adjusted to 0.087 < 0.10. Second, in terms of Social subcriteria, the inconsistency was 0.283 > 0.10 and adjusted to 0.087 0.051 < 0.10. As a result, the
inconsistency ratio values are well under the range of 0.10, and the pair-wise comparison in
this study were consistent. Therefore, for the final pair-wise comparison of alternatives, the
decisions are considered reliable.
Local and regional economic development has emerged as the most crucial Economic subcriteria in the assessment of renewable energy systems. On the other hand, Investment costs
and Operation and maintenance costs have the same significance in sub-criteria of the
economic criteria. Because the costs of investing, installation, and management in renewable
energy technologies are greater than those in traditional sources, the governmental financial
subsidy would be highly valued by investors.
On the Environmental Sub-criteria side, Biodiversity impact; peat oxidation and CO2 reduction
are considered crucial as compared to the impact on Natura 2000; protected eco complexes,
and Special ecological function with high nature values. This is because the main objective of
RES is combating Climate change and reducing greenhouse gas emissions.
From the Spatial aspect, the combination of wind and sun generation is the most essential subcriteria. While the combination of Demand and supply is the second most essential aspect,
Land use change ranked third, ahead of Landscape restoration and Distance to city centres.
This preference of Wind and sun combination over other Spatial sub-criteria demonstrates risktaking and adoption of the renewable energy system. This also in line with RES crucial
objectives for enhancing the economic and multiple uses of space where space is scarce in the
Netherlands.
Social acceptance has appeared to be a more remarkable sub-criteria in the Social aspect in
comparison to local ownership and Coherence with the protected village and cityscapes.
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Operation and
maintenance
costs

Investment
costs

Criteria

Local economic
development

Priority
vector

Investment
costs

1

1

1/3

0.20

Operation and
maintenance
costs

1

1

1/3

0.20

Local economic
development

3

3

1

0.60

Inconsistency
Ratio

0.00

Table 5. Pair-wise comparison matrix for Economic Sub-criteria
Criteria

Biodiversity

Special eco.
function

Natura 2000

Priority
vector

Biodiversity

1

2

5

0.5590

Natura 2000

1/2

1

5

0.3522

Special eco.
function

1/5

1/5

1

0.0888

Inconsistency
Ratio

0.05

Table 6. Pair-wise comparison matrix for Environmental Sub-criteria

Landscape
restoration

Land
use
change

Distance
to city
centres

Dem. & sup.
combination

Wind &sun
combination

Priority
vector

Landscape
restoration

1

1/3

3

1/3

¼

0.1029

Land use
change

3

1

3

1/2

1/3

0.1764

Distance to
city centres

1/3

1/3

1

1/3

1/3

0.0705

Dem. &sup.
combination

3

2

3

1

1/3

0.2305

Wind &sun
combination

4

3

3

3

1

0.4197

Criteria

Table 7. Pair-wise comparison matrix for Spatial sub-criteria
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Criteria

local ownership

Social
acceptance

Coherence
with village

Priority
vector

local ownership

1

½

3

0.3325

Social
acceptance

2

1

3

0.5278

1/3

1/3

1

0.1397

Coherence with
village

Inconsistency
Ratio

0.05

Table 8. Pair-wise comparison matrix for Social Sub-criteria
Inconsistency Ratio in
Spatial criteria

Inconsistency Ratio: 1.122> 0.10
Unaccepted

Inconsistency Ratio: 0.087 <
0.10 Accepted

Landscape restoration 1/5 VS Wind Landscape restoration 1/4 VS
and sun combination. 5
Wind and sun combination. 4

Pair-comparison weights
in Spatial sub-criteria

Inconsistency Ratio in
Social criteria

Pair-comparison weights
in Social sub-criteria

Land use change 1/3 VS Demand
and supply combination. 3

Land use change 1/2 VS
Demand and supply
combination. 2

Land use change 1/5 VS Wind and
sun combination. 5

Land use change 1/3 VS Wind
and sun combination. 3

Inconsistency Ratio: 0.283> 0.10
Unaccepted

Inconsistency Ratio: 0.051 <
0.10 Accepted

local ownership and employment
1/3 VS Social acceptance. 3

local ownership and
employment 1/2 VS Social
acceptance. 2

local ownership and employment 5
VS Coherence with protected
village and cityscapes. 1/5

local ownership and
employment 3 VS Coherence
with protected village and
cityscapes.1/3

Table 9. Adjusting Inconsistency ratio by reassigning of wights
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5.1.3 AHP pair-wise comparison matrix
As a result, the final relative wights, derived from pair-wise comparison with respect to main
and sub-criteria, are calculated and presented in Figure 13; AHP pair-wise comparison matrix.
AHP decision matrix shows that environmental criterion has the most considerable influence
among main assessment criteria, with the relative weight of 0.51. On the other hand, the most
significant weights at the Sub-criteria, economic, environmental, spatial, and social,
hierarchical levels, are local economic development (0.60), biodiversity (0.56), wind and sun
combination (0.42), and social acceptance (0.53) respectively.

Figure 13. AHP Pair-wise comparison matrix
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5.2

Pair-wise Comparison of Alternatives

The three alternatives were evaluated by means of 14 sustainability criteria by pair-wise
comparison. Multiple sources were used for data gathering. Several policy documents were
analyzed, such as RES, Liander net impact documents, and Regional Energy Strategy Guide.
Furthermore, Web platforms were extensively used to extract spatial background information
for the alternatives. Finally, Semi-structured interviews with three experts were conducted to
obtain a detailed understanding of the performance of the alternative and to strengthen and
verify information obtaining through the document review and online analysis. The evaluation
was performed based on two input resources. First, quantitative information, for example,
direct numbers of costs, space of hectares. Second, qualitative information, such as local
development, measured by opportunities provided by each alternative. Tables 14, 15 in
Appendix D provides the performance assessment of the three alternatives.
The three alternatives have common characteristics regarding the requirements of National
RES:
• CO2 reduction: 50.2 %
• Total sustainable energy generation: 0.5 TWH.
• Same Energy support cost.
• Same Contribution to energy target.
• Considering hard restrictions such as: noise zones around residential areas, safety zones
around infrastructure and industry and radar zones at defence sites.
• The total area of roofs used for solar energy is 100 ha.
5.2.1 Economic Criteria
5.2.1.1
Investment costs
In Alternative A, a bottleneck will arise at eleven stations in the region. It is expected that
approximately 75 million euros and between 5.6 and 13.4 hectares of space will be needed to
expand these stations.
In Alternative B, a bottleneck will arise at ten stations in the region. To be able to expand
these stations. It is expected that approximately 90 million euros and between 5.9 and 13.7
hectares of space is needed.
In Alternative C, a bottleneck will arise at eleven stations in the region. Expansion of these
stations is expected to require approximately 92 million euros and between 5.9 and 13.7
hectares of space.
5.2.1.2
Operation and Maintenance costs
In Alternative A, the implementation of solar fields is scattered and small-scale per project.
Solar fields of up to about 2 hectares suit the medium voltage and require fewer hard cables to
improve the business case. This alternative depends heavily on solar energy. This will generate
great pressure on the grid infrastructure.
In Alternative B, Wind turbines are situated in the region's windiest locations, and this
alternative is an extension of current wind and solar locations. Furthermore, in this alternative,
the energy supply from wind turbines and solar fields is balanced. This is more efficient in
terms of grid infrastructure performance.
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In Alternative C, Wind turbines are not equally distributed in the region. The connection costs
will be much higher than the local energy production from small wind turbines. This
Alternative is primarily based on solar energy, which would lead to higher costs for the
network.
5.2.1.3
Local and regional economic development
In Alternative A, the opportunity for coupling the agricultural transition with energy transition
in the form of solar fields is estimated by 110 ha.
In Alternative B, the opportunity for coupling the agricultural transition with energy transition
in the form of solar fields is estimated by 110 ha.
In Alternative C, the opportunity for coupling the agricultural transition with energy transition
in the form of solar fields is estimated by 100 ha.
5.2.2 Environmental Criteria
5.2.2.1 Biodiversity impact; peat oxidation and CO2 reduction
In Alternative A, the link between the energy transition and circular agriculture would result
in mining subsidence in the peat meadow area, thus limiting peat oxidation and CO2 emitting
and tackling the challenge of nitrogen. This is projected to be 10%.
In Alternative B, the link between the energy transition and circular agriculture would result
in mining subsidence in the peat meadow area, thus limiting peat oxidation and CO2 emitting
and tackling the challenge of nitrogen. This is projected to be 60%.
In Alternative C, the link between the energy transition and circular agriculture would result
in mining subsidence in the peat meadow area, thus limiting peat oxidation and CO2 emitting
and tackling the challenge of nitrogen. This is projected to be 15%.
5.2.2.2 Natura 2000; protected eco complexes
In Alternative A, the site of Nuldernauwkust wind turbines is still a protected wave-bird zone
between Putten and Ermelo near the Randmeer. This location has significant importance as a
habitat for waterfowl and migrant birds.
In Alternative B, the positioning of the wind turbines in Drontermeerkust, between Elburg
and Oldebroek is very critical. This because Drontermeerkust is Natura 2000, with a habitat of
meadow bird, geese resting area, and protected wildlife.
In Alternative C, While the Randmeer area will become wind-free, local initiatives and wind
turbines are situated on or near the wooded portion of the North-Veluwe, however, the external
influence on Natura-2000 may have an influence on nature values and eco complexes.
5.2.2.3 Special ecological function; high nature values
In Alternative A, the preservation of old Zuiderzeepolders and nature reserves from wind
turbines is to the maximum degree possible. This alternative is a realistic choice. It fits in with
current projects and has a small spatial effect, therefore nature values are not damaged.
In Alternative B, the location of wind turbines in Veluwemeerkust, between Nunspeet and
Elburg, has a unique natural environment in and along the Veluwemeer. This would result in
essential consideration for nature, agriculture, and cultural heritage.
In Alternative C, the positioning of the local wind turbines initiatives in certain locations, such
as between Putten and Ermelo and next to Hattem, would have a negative effect on the local
ecological ports.
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5.2.3 Spatial Criteria
5.2.3.1 Landscape restoration
In Alternative A, there is an offer of coupling opportunity for the agricultural transition in the
form of solar fields at any locations that may become available, whereby there is a possible
coupling opportunity with landscape restoration. This is estimated by50%.
In Alternative B, the focus is on small-scale landscape preservation, as well as restoring or
generating new landscape features for any hectare of solar area. In this alternative, the
opportunity of linking energy transition with circular agriculture without disrupting the
meadow bird habitat is estimated by 80%.
In Alternative C, wind turbines and solar fields are predominantly located in the Veluwe and
small-scale agricultural landscape. Wind and sun are mixed as far as possible at the
Hattemerbroek junction and the Lorentz zone. The opportunity of restoring landscape from
these industrial locations is estimated by 80%.
5.2.3.2 Land use change and the economical use of space
The total area of roofs used is 100 ha for all variants, while the difference lies in the realization
on land fields.
Alternative A, the total amount land use for solar parks in the fields is 230 ha.
Alternative B, the total amount land use for solar parks in the fields is 180 ha.
Alternative C, the total amount land use for solar parks in the fields is 280 ha.
5.2.3.3 Distance to city centres
Five locations were provided as locations for wind turbines in the three Alternatives. The
assessment scale ranges from 5: very close, 3: medium, 1: very far. Note that the farthest is the
best. The evaluation of the wind turbine’s location was assigned by information from experts’
semi-structured interview and with spatial web platforms.
The assessment of wind turbine’s distance to surrounding city centres is as follows:
- The score of Lorentz in Harderwijk is: 5/5.
- The score of Hattemerbroek in Hattem is: 5/5
- The score of Nuldernauwkust between Ermelo and Putten is: 4/5.
- The score of Veluwemeerkust, between Nunspeet and Elburg is: 3/5
- The score of Drontermeerkust, between Elburg and Oldebroek is: 3/5
In Alternative A, the production of wind energy is narrowed to three search areas for wind
clusters, at Lorentz (Harderwijk), Hattemerbroek (Hattem) and along the Nuldernauwkust
(Ermelo and Putten). These sites are in line with existing initiatives and are often listed as future
sites. The overall score for these three locations is 4,5.
Alternative B, windmills are more widely distributed in the region. Especially along the
coastline of Veluwemeer, with the five different locations previously noted. The overall score
for these five locations is 4.
In Alternative C, this Alternative includes the same number of wind turbines as Alternative
B. However, these turbines are slightly smaller. This Alternative involves new windmills to
complement the two current wind initiatives in Harderwijk and Hattemerbroek. Ten smaller
village mills will also be built across the region. The overall score of these locations is 3.
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5.2.3.4 Demand and supply combination
As previously stated, there are five locations for wind turbines in the three Alternatives. The
assessment scale ranges from 5: very close, 3: medium, 1: very far. Note that the closest is the
best. Also, the evaluation was performed by experts’ semi-structured interview and spatial web
platforms. The assessment of wind turbine’s locations regarding the closeness between supply
and demand is as follow:
- The score of Lorentz in Harderwijk is: 5/5.
- The score of Hattemerbroek in Hattem is: 5/5
- The score of Nuldernauwkust between Ermelo and Putten is: 4/5.
- The score of Veluwemeerkust, between Nunspeet and Elburg is: 3/5
- The score of Drontermeerkust, between Elburg and Oldebroek is: 3/5
In Alternative A, the overall score for the three wind turbine’s locations is 4,5.
In Alternative B, the overall score for the five wind turbine’s locations is 4.
In Alternative C, the overall score for all wind turbine’s locations is 5.
5.2.3.5 Wind and sun combination
For each of the five wind turbine sites, the combination of solar fields and wind turbines is
feasible. The assessment of the three alternatives will depend on the number of wind turbine’s
locations in each variant.
In Alternative A, the integration of wind turbines and solar fields at Harderwijk,
Hattemerbroek, and Nuldernauwkust supports the grid infrastructure. This is particularly
relevant as it is connected to the energy demand, such as at the Lorentz business park.
In Alternative B, the generation from wind turbines and solar fields at Harderwijk,
Hattemerbroek, Nuldernauwkust, and Drontermeerkust is balanced. This is more efficient in
terms of grid infrastructure utilisation.
In Alternative C, wind turbines and solar fields are combined as far as possible at the
Hattemerbroek junction and the Lorentz industrial area, generating energy landscapes
connected to sustainable industrial areas.
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5.2.4 Social Criteria
5.2.4.1 local energy ownership and employment /job creation
In Alternative A, local ownership is highly feasible, even where wind turbine clusters have
been allocated. Since variant A is focused on ongoing initiatives and commonly reported
promising sites, this is the case.
Alternative B allows local ownership, even though wind turbine clusters have been allocated,
which is the case with this alternative.
In Alternative C, local ownership significantly increases; where local initiatives arise, own
village mills and solar fields are installed, mainly because the innovations occur in the region
where most residents live.
5.2.4.2 Social acceptance
In Alternative A, although this variant is a top-down approach, this alternative emphasizes
zones with under development projects and high-acceptance locations in the Gelders Energy
Agreement.
In Alternative B, wind turbines are realized throughout the North-Veluwe region in multiple
line configurations along the Randmeer. The municipalities thus all contribute to the production
of huge volumes of electricity. This version also allows revenue to flow back to the local
communities by distributing wind energy. This would highly improve social acceptability.
In Alternative C, social acceptance is a controversial matter. Although this alternative is a
bottom-up approach, the villages mills are situated in a reasonably densely populated area.
Approval and assistance are likely to be crucial in deciding if the turbines can be installed.
5.2.4.3 Coherence with protected village and cityscapes
Although wind turbines have a massive influence on the open landscape, the proposed
configuration is seen as reasonable due to the wind turbines are on the other side of the
Randmeer.
In Alternative A, the degree of wind clustering is reasonable.
In Alternative B, the degree of wind clustering is accepted.
In Alternative C, owing to the use of local smaller windmills, the spread is relatively
increased.
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5.3

Alternative Ranking

After the pair comparison procedures, the standard importance vectors, namely, the ranking for
every criterion, sub-criteria, and alternatives, have been all calculated and formulated to
achieve global relevant weights. The local weight is linked to a single criterion and is derived
from a separate decision. The global weight of the sub-criteria, on the other hand, is determined
by multiplying its local priority vector by the identical local weight from the main criteria. The
same method is applied to calculate the overall global weights of all alternatives. Table 10
shows local and global weights for main and sub-criteria. As seen in Table 10, the global
weights of sub-criteria are aggregated to determine the gross priorities for considering the
potential alternative. Super Decision 3.2 program was used to conduct these computations. This
software program offers both normal and ideal methods of synthesis. The best alternative, with
the highest priority, receives the maximum weight of every supporting goal in the optimal
synthesis mode, regarded as an open method. However, other alternatives are given weights
proportional to their importance in comparison to the superior choice. All the weights or
priorities are then normalized to 1.0. It is calculated by dividing each scale value by the highest
value (e.g., 5/5 = 1, 4/5 = 0.8, 3/5 = 0.6). The normal mode, conversely, is known as a closed
method whereby the weight of each target is assigned to alternatives directly with respect to
alternative goals in each target. It is calculated by dividing each scale value by the total scale,
for example, 5/15 = 0.33, 4/15 = 0.27.
Main Criteria

Economic
criterion

Local
weight

Social
criterion

Local
weight

Global weight

Investment costs

0.20

0.0150

Operation and maintenance costs

0.20

0.0150

Local economic development

0.60

0.04512

Biodiversity impact

0.5590

0.2841

Natura 2000

0.3522

0.1790

Special ecological function

0.0888

0.0451

Landscape restoration

0.1029

0.0155

Land use change

0.1764

0.0266

Distance to city centres

0.0705

0.0106

Demand and supply combination

0.2305

0.0348

Wind and sun combination

0.4197

0.0634

local ownership and employment

0.3325

0.0882

Social acceptance

0.5278

0.1400

Coherence with village

0.1397

0.0370

0.0752

Environmental
0.5083
criterion

Spatial
criterion

Sub-criteria

0.1512

0.2653

Table 10. local and global weights for main and sub-criteria
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The significance values for the three alternatives discussed in the study have been calculated
and provided in Table 11, that provides the final ranking of the three alternatives in both ideal
and normal modes. It is obvious that out of three alternatives available Alternative A has
reached the top priority score of 0.3945 and hence is the best sustainable RES Alternative for
the North-Veluwe region from the results of Table 11 based on the AHP Method. The decision
that A is the best sustainable Alternative is related to the fact that it has the highest performance
against the plurality of the Sustainability Assessment criteria in this research. In terms of
economic, environmental, spatial, and social sustainability criteria, Alternative A has
performed remarkably well among other Alternatives. Alternatives C (priority score 0.3526)
and B (priority score 0.2527) have lower performance on the Sustainability Assessment criteria
in comparison with Alternative A, as such ranked as second and third-best alternatives,
respectively. It is evidence, from prior calculations, that Alternative A is the most balanced
option that consider the three pillars of sustainability, economic, environmental, and social, as
well as the spatial aspect in a balanced weight. The difference in scores among the three
alternatives as figure 14 shows that Alternative A is the best option reflecting the preferences
of the all engaged stakeholders in the North-Veluwe region with existing initiatives and
transformation, followed by Alternative C as based on local initiatives and free birds and
Alternative B with the lowest score with the foundation of proportional coast and clean Veluwe.
These outcomes are essential in terms of both AHP methodology and the Sustainability
Assessment requirements of this research. In the following section, a sensitivity analysis of
these findings has been further carried out to assess their stability and robustness.
Ranking

Name

Ideals

Normal

1

Alternative A

1.000000

0.3945

2

Alternative C

0.8938

0.3526

3

Alternative B

0.6404

0.2527

Table 11. Final ranking of the three Alternatives in both ideal and normal modes.

Figure 14. Final weight criteria and final Alternatives reanking
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5.4

AHP Decision Matrix

The ultimate AHP Decision matrix, illustrated in Figure 15, shows the final ranking of
alternatives based on prioritised criteria and sub-criteria obtained from pair-wise comparison.

Figure 15. Ultimate AHP Decision matrix with final Alternative ranking.

63

SUSTAINABILITY ASSESSMENT OF REGIONAL ENERGY STRATEGY IN THE NORTH-VELUWE REGION

5.5

Sensitivity Analysis

The findings of the AHP process are determined by the hierarchical system and relative
weighting provided by decision-makers. The alterations in the hierarchy process and decisions
have been noted to have a significant impact on the framework's outcome. Consequently, the
robustness of the AHP structure was validated through the sensitivity analysis. For various
scenarios, the constancy of the ranking was tested. Therefore, dynamic sensitivity analyses
were performed, in which the target's priorities were changed and the effects of these
modifications on the rating of the alternatives were determined.
The dynamic sensitivity analyses were performed by only changing the main criterion weights,
however, changes with respect to sub-criteria and alternative performance were not applied.
This resulted in a shift in the priority of the alternatives. Five scenarios were considered and
simulated in this analysis for multiple contexts of sustainability assessment criteria.
5.5.1 Equal weight Scenario
The weights, in the Equal weight Scenario, were distributed evenly among all four main
criteria: economic, environmental, spatial, and social. As seen in Figure 16, while the weights
of the key parameters are equal, the final position of the alternative stays consistent,
demonstrating the internal accuracy of the structured interviews through the questionnaire, and
corresponding pairwise analysis using AHP methodology.

Figure 16. Dynamic sensitivity Ranking for Equal weight Scenario.
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5.5.2 Economic-based Scenario
In the Economic-based Scenario, the weight of 50 percent, influencing the weight of other
criteria, was assigned to the main economic criteria as seen in Figure 17. However, the rating
of the alternative is clear.

Figure 17. Dynamic sensitivity Ranking for Economic-based Scenario.

5.5.3 Environmental-based Scenario
In this scenario, despite applying a 50% priority weighting to the environmental criteria, as
seen in Figure 18, the rating of Alternatives remains constant in this case.

Figure 18. Dynamic sensitivity Ranking for Environmental-based Scenario.

5.5.4 Spatial-based Scenario
The spatial key parameters are assigned a 50% priority rating in the Spatial-based Scenario.
Alternative A is also seen as a viable option in Figure 19's visual analysis.

Figure 19. Dynamic sensitivity Ranking for Spatial-based Scenario.
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5.5.5 Social-based Scenario
Ultimately, while social key parameters have been given a 50% priority level in this scenario,
the pattern of alternatives depicted in Figure 20 signifies the steadiness of Alternative A's
rating.

Figure 20. Dynamic sensitivity graph for Social-based Scenario

5.5.6 Conclusion
As a result of the sensitivity analysis performed under all the scenarios provided in this chapter,
it is obvious that as the priority of the goal increases, the preferences of the alternatives decline
or rise in accordance with the initial importance. While Alternatives B and C alternated for
second and third place, the classification of Alternative A in all these scenarios remained
constant as the best alternative. In comparison to Alternative C, the bar chart review shows, in
scenarios 4 and 5, that Alternatives A and B are very similar to each other. On the other hand,
in scenarios 1 and 2, Alternatives B and C are very similar together in compared with
Alternative A. As a result, the weights and indexes applied to the parameters are thought to be
stable. In addition, these studies indicate that Alternatives B and C should be considered as
close candidates for selecting the sustainable RES Alternative.
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5.6

Mapping the ranking of alternatives across the study area

The previous section has resulted that Alternative A is the best energy transition alternative of
RES plan in the North-Veluwe region and the hierarchical ranking of the alternatives. This
assessment was based on the average preferences and weighting from the involved stakeholders
obtained from the questionnaire findings. As stated before, five stakeholders were asked to
perform the pair-wise comparison for both main and sub-criteria. Three of the participants were
representing specific municipalities, Hattem, Ermelo, and Harderwijk while the other two were
acting on behalf of the whole North-Veluwe region.
In this section, the preferences of local stakeholders, which are the North-Veluwe
municipalities, will be investigated. Then the mapping of how the ranking of alternatives would
vary across the North-Veluwe region will be demonstrated. To do so, the same prior
calculations of the AHP matrix were performed for each participant from the three
municipalities, Hattem, Ermelo, and Harderwijk. For each participant, represented specific
municipality, the logarithm of each compared criterion was calculated. The outcomes of the
calculation are shown in the AHP comparison matrix. Therefore, in this section, each
participant had one AHP decision matrix comparison. These calculations ended in the
classification of alternatives for each municipality and defining the best alternative with respect
to prioritization for each municipality. This method is used to explain how stakeholders
preferred the criterion and took decisions on one or more sustainability parameters. Besides
that, this analysis took a different approach by contrasting the criterion findings. Ultimately,
an analysis of how different the criterion has been ranked by the stakeholders, was provided,
depending on their point of view. The best alternative for each municipality is determined as
follows.
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5.6.1 Hattem Municipality
The importance values for the three alternatives based on pair-wise comparison reflected the
local preferences of Hattem Municipality. Figure 21 provides a demonstration about the
different weights assigned to the main criteria; economic (0.57), environmental (0.26), spatial
(0.12), and social (0.05) as well as the final ranking of alternatives, the detailed calculations
are in Appendix E. It is obvious that despite the economic orientation of Hattem municipality
appeared in the weighting of economic main criteria (0.57), Alternative A tops the list of
proposed alternatives with a priority score of 0.38, followed by Alternative C with a priority
score of 0.32 and Alternative B with a priority score of 0.30, respectively.

Figure 21. Criteria prioritization and alternative ranking for Hattem Municipality.

The spatial mapping of Alternative A with respect for Hattem municipality is shown in
Figure 22.

Figure 22. Spatial mapping of Alternative A with respect for Hattem municipality
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5.6.2 Ermelo Municipality
The environmental ambition of Ermelo Municipality is shown through the local preferences
and the heavyweights given to environmental criteria (0.45) among other criteria; social (0.29),
spatial (0.16), and economic (0.10) respectively, as is shown in Figure 23. These preferences
are contrary to Hattem Municipality, However, the AHP decision matrix results that
Alternative A is again the best sustainable alternative with respect to Ermelo's vision. The A
alternative outperformed both alternatives C and B with a priority score of 0.39 for A and 0.37
and 0.24 for C and B, respectively. Appendix E provides all specified calculations with respect
to Ermelo Municipality.

Figure 23. Criteria prioritization and alternative ranking for Ermelo Municipality.

The spatial mapping of Alternative A with respect for Ermelo municipality is shown in
Figure 24.

Figure 24. Spatial mapping of Alternative A with respect for Ermelo municipality
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5.6.3 Harderwijk Municipality
The general vision of Harderwijk Municipality is like that of the municipality of Ermelo and
even surpasses it in terms of high importance value assigned to the environmental criteria (0.60)
followed by social criteria (0.25) in the second place. Where spatial (0.08) and economic (0.06)
criteria are located at the third and fourth places. Therefore, it is logical that Alternative A has
the highest performance against the plurality of the Sustainability Assessment criteria with a
score of 0.43 against 0.35 and 0.22 for Alternatives C and B, respectively. This is shown in
Figure 25.

Figure 25. Criteria prioritization and alternative ranking for Harderwijk Municipality.

The spatial mapping of Alternative A with respect for Harderwijk municipality is shown in
Figure 26.

Figure 26. Spatial mapping of Alternative A with respect for Harderwijk municipality
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The spatial mapping of Alternative A with respect for, Hattem, Ermelo, and Harderwijk
municipalities is shown in Figure 27. This spatial representation stresses the necessity and
importance of investigating and reviewing the local stakeholder's opinions on the assessment
of the integration of renewable energy during the energy transition process. In addition, it
illustrates how the assessment and criteria weighting is varied in the North-Veluwe region.
Despite the divergent and multiple views in the comparison of sustainability criteria,
Alternative A proved to be the unique option. However, this mapping demonstrates how
significant the difference in the assessment results is, based on different local inputs and
preferences.

Figure 27. Spatial mapping of Alternative A with respect for Hattem, Ermelo, and Harderwijk
municipality

71

SUSTAINABILITY ASSESSMENT OF REGIONAL ENERGY STRATEGY IN THE NORTH-VELUWE REGION

5.7

Results Summary

The Sustainability Assessment of the three alternatives provided by RES of the North-Veluwe
region resulted that Alternative A is the best sustainable one among alternatives B and C. This
assessment is based on the AHP decision matrix, pair-wise comparison, and sensitivity analysis
for the robustness of the final decision. Sensitivity analysis conducted with five distinct
scenarios and different standards weights and representing several perspectives: Neutral with
equal weight criteria, Economic- based criteria, Environmental-based criteria, spatial- based
criteria, and social-based criteria. The findings from the sensitivity analysis agreed that
Alternative A is the best choice, while alternatives B and c competed for the second and third
places regarding the direction of evaluation and high priority value given to a specific criterion
among the Sustainability Assessment criteria. Hence, the comprehensive general decision,
based on expert stakeholder's preferences of the North-Veluwe region, that A is the best RES
alternatives.
Correspondingly, when reviewing the local preferences and the opinion survey of the three
experts representing the three municipalities, Hattem, Ermelo, and Harderwijk, the following
result has appeared. Despite the different local and global weights given by the three involved
stakeholders for the Sustainability Assessment criteria, it was found that Alternative A is the
best among suggested alternatives for the following reasons: First, a balanced choice, as it
combines the three sustainability pillars with spatial preferences in a stable and logical manner.
Second, a feasible alternative as it emerges from existing local initiatives, thus, it guarantees a
high social acceptance. Third, preserves biodiversity and nature conservation areas, unlike
Alternative B which includes locations within Natuura 2000, such as meadow birds, geese, and
water birds. Fourth, economically profitable in terms of the grid infrastructure installation
costs, as it combines the clusters of solar and wind fields with the closest energy demand. This
is in contrast with Alternative C which demands high economic costs for the grid infrastructure
due to the large fragmentation of wind turbines. Finally, a financial engine for the acceleration
of the agricultural transition offers a coupling opportunity with the circular economy.
Overall, the Sustainability Assessment at both global and local levels has proved the
robustness, stability, and strength of Alternative A as the best alternatives for Regional Energy
Strategy in the North-Veluwe region although the contradictory perspectives of involved
stakeholders.
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6. Discussion
In this chapter, the results of chapter 5 are used to address the sub-search questions since they
were structured in the specified theoretical frame. The importance of the research findings and
similarity with other literature of the three sub- research questions are covered in the following
paragraphs. The last paragraph reflects the generalization and limitation of this study and
recommended future studies. In this whole chapter, the key findings are linked with the related
scientific literature in order to expand beyond case studies the importance of the findings.
According to Gibson (2006, p.178), Sustainability Assessment can be distinguished as “it is
committed to positive overall contributions to a more desirable and durable future by
identifying best options (not just acceptable undertakings) and multiple reinforcing gains (not
mere avoidance of problems and mitigation of adverse effects)".
This explanation emphasizes that the procedure of Sustainability Assessment is not only to
follow a scope that encompasses both global, regional, and local sustainability issues but also
to integrate consideration of all aspects that impact the fulfilling of these requirements. In other
words, Sustainability Assessment strives, on the one hand, to find the best option that provides
the highest overall benefits, and on the other hand, to prevent unfavourable trade-offs by
comparing potential rational alternatives, and, thus, can effectively help decision-makers.
The Regional Energy Strategies (RES), in response to the Climate Agreement, developed the
production of regional electricity, gas and heat supplies until 2030, with relevant areas of
research that are adequate for renewable solar and wind energy generation. The regions are
facing diverse challenges and missions, and the transition to sustainable energy and spatial
impacts would be crucial (Climate Agreement, 2019).
The sustainable and spatial effects and dilemmas become concrete and measurable specifically
when translating the climate aims into locations and projects. This process requires regular
assessment of the alternatives set by the strategy and analysis of what the consequences would
be, in terms of spatial planning, financial, environmental, and decision-making.
In the Netherlands, all regions have set ambitions for the energy transition, with the goal of
achieving energy-neutral by 2030. The Province of Gelderland and the municipalities in the
region North-Veluwe, for example, aim for the target to reach, a 16% renewable generation in
2023, in the short term, and a 55% CO2 reduction in 2030 compared to 1990 and energy-neutral
by 2050, in the longer term. Regions, on the other hand, are often unsure of whether their spatial
characteristics are optimal for achieving the energy-neutral target. Furthermore, several
objectives are established without the participation of stakeholders. Stakeholder preferences on
how the energy transition is developed should be taken into consideration.
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This research points to aid and promote decision-making by developing an appraisal
framework that transforms the energy system Sustainability Assessment from a qualitative to
a quantitative method.
What probably is a unique characteristic of this research is that a comprehensive assessment
framework of RES has been developed, based on MCDA method, specifically, AHP technique
to evaluate the sustainability and spatial positioning of energy systems in the North-Veluwe
region. This framework is convenient, and beneficial to policymakers, and other involved
parties. Moreover, this framework incorporates the quantitative analysis of sustainable energy
prospects, the qualitative spatial requirements for the implementation of new technologies and
a comparison of several proposed alternatives.
The importance of the research findings and similarity with other literature is as follows:

6.1 Sustainability Assessment Criteria
The first sub-research question “What are the sustainability principles against which to assess
different alternatives of the energy transition for large-scale sustainable electricity generation?”
was answered by a deep literature analysis of scientific studies that examine the viability of
energy transition systems.
MCDA is commonly treated non-spatially, in the literature, the majority of MCDA methods
have been used to evaluate clean energy options for energy production from only a sustainable
perspective, which means the inclusion of economic, environmental, and social criteria. Table
12 in Appendix A provides the literature reviewed for sustainability assessment criteria of
energy systems.
While spatial MCDA is utilized to provide considerable flexibility in planning and decisionmaking, (Feick and Hall 2004, Feick 2005; Gómez-Delgado and Tarantola 2006; Chen et al.
2010; Malczewski 2011, Kropp and Lein 2012), the assessment criteria were geographic-based
and used as a tool for spatialization or localization. Moreover, there are few applications of
MCDA approaches for assessing renewable energy options from a spatial perspective, with the
support of the AHP methodology for sustainable parameters.
The paper of Oudes and Stremke, (2018), presented the Spatial Transformation Analysis
approach used to identify priorities for local and regional energy transitions. This enables the
outlining of the various types of restrictions and possibly renewable energy options. This
approach, however, was GIS-based for the spatial integrations and not MCDA-based for the
alternative’s assessment as this study proposed.
The originality of this study is to provide an applicable multicriteria decision-making
framework for evaluating renewable energy options that are spatially transparent and motivated
by contextual stakeholder concerns. Therefore, four main criteria categories were set for the
assessment process, economic, environmental, spatial, and social. Economic, environmental,
and social main criteria consist of the sub-criteria for each. Spatial criteria, however, include
five sub-criteria. This additional number of sub-criteria provided a significant value for the
spatial criterion and added a clear vision in comparison to the proposed locations for renewable
energy technologies.
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Moreover, a wide variety of the MCDA-based methods introduced for the Sustainability
Assessment of energy transition alternatives used the assessments that exist in relevant
literature in the determination of the evaluation criteria ((Bond et al., 2012; Chen et al., 2019;
Abu-Rayash, and Dincer, 2019), whilst a few approaches used semi-structured discussions
paired with stakeholder’s questionnaire (McKenna et al., 2018; Waris et al., 2019) in the
evaluation of renewable energy systems. The ability to integrate the AHP technique, the
questionnaire and semi-structured interviews with involved experts and decision-makers is
regarded as a notable feature in comparison to other methods present in the literature. The case
study findings show that this combination enables the recognition of priorities as well as the
alternative evaluation of energy transition and parameters based on a participative process.
Regarding the National Regional Energy Strategy, the proposed Alternatives must meet
specific requirements and standards, such as a 50.2 % of CO2 reduction, 0.5 TWH as total
sustainable energy generation, and the same contribution to energy targets. These obligations
were considered in the determination of sub-criteria. For, example, Although the reduction of
CO2 emissions has a central role in the environmental assessment criteria, this was not
considered as a comparative criterion as the same amount of CO2 emissions was eliminated in
the three proposed alternatives.
In terms of Economic Criteria: Determining the economic sub-criteria was based on several
academic papers for the assessment of renewable energy systems. Investment cost and
operation and maintenance costs were mentioned in multi-resource (Begić and Afgan, 2007;
Burton and Hubacek, 2007; Wang et al., 2009; Shmelev and Van Den Bergh, 2016; MartínGamboa et al., 2017; Abu-Rayash, and Dincer, 2019; Ezbakhe and Perez-Foguet, 2020).
However, the choice of third sub-criteria, Local and regional economic development, was
crucial for the regions in the Netherlands. This criterion was mentioned in different resources
than the previous criteria (Omer, 2008; Chel and Kaushik, 2011; Climate Agreement, 2019;
NOVI, 2019; Ruban et al., 2020; Ezbakhe and Perez-Foguet, 2020).
RES is a strategy at the regional level of the Netherlands, and renewable energy sources are
site-specific. The implementation of new technologies from sustainable energy should result
in a significant added value. This would result in incorporating with regional development
plans, considering the opportunities of linking other development, contributing to the local and
regional economic growth, and combining tasks and investments.
The pair-wise comparison for economic sub-criteria showed that Local and regional
development achieved the highest weighting rate, priority factor, among the three factors as
Figure 28 shows. The high score achieved of Local and regional development reflects how
economically viable is the coupling of agricultural transition with energy transition in the form
of solar and wind fields.
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In terms of Environmental Criteria: In the literature review, the number of environmental
indicators were relatively high, since the living environment would be highly affected by the
implantation of solar and wind farms (Burton and Hubacek, 2007; Shmelev and Van Den
Bergh, 2016; Martín-Gamboa et al., 2017; Oudes and Stremke, 2018 Abu-Rayash, and Dincer,
2019).
However, determining the best convenient environmental sub-criteria was entirely difficult.
The implementation of renewable energy is considered one of the controversial issues
nowadays, in all countries and in the Netherlands, specifically. The difficult equation is to
decide the best location of the clean energy technologies and to minimize the environmental
impacts of these techniques. Thus, Biodiversity impact and peat oxidation was the first subcriterion to be investigated. Moreover, in the Netherlands, Natura 2000 extends over several
regions and enjoys strong legal protection. Although these critical areas are legally excluded
from the renewable energy realization, the distance from to these protected areas is highly
considered. Therefore, the second and third sub-criteria were chosen for the environmental
assessment (Sijmons et al., 2017; Oudes and Stremke, 2018; de Vries et al., 2020).
The pair-wise comparison for environmental sub-criteria resulted in the high scores assigned
for the Biodiversity impact, and Natura 2000 protection, as Figure 29 shows. These findings
were consistent with the significant values of the living environment. These two sub-criteria
have a crucial influence on the assessment of the proposed alternatives. Since Alternative B
includes critical locations for wind farms, such as in Drontermeerkust, the assessment was very
low in terms of this location, as Drontermeerkust is Natura 2000 with a habitat of meadow bird,
and protected wildlife. Therefore, the ranking of Alternative B fluctuates between third place
and second place in the sensitivity analysis, especially in environmental-based ranking and
economical-based ranking with scores of 0.25, and 0.34, respectively.
In terms of Spatial Criteria: Since this study is based on proposing a comprehensive
framework that evaluates the energy transition from a spatial perspective and the space scarcity
in the Netherlands, Spatial criteria were given additional importance in terms of the number of
sub-criteria. Five sub-criteria were considered in the Sustainability Assessment process.
Several pieces of literature discussed the relation of the spatial factors with the visual and
societal impacts. Kropp and Lein, (2012), stated that the Spatial criterion facilitates integrating
and analyzing the multiple conflicting considerations for determining the energy transition
sustainability. Since the selection of the appropriate installation strategy would result in the
optimal use of space without affecting the scenery characteristics, the spatial sub-criteria were
founded, in this study, based on the spatial quality of landscape as mentioned in papers of de
Vries et al., (2020) and (Matthijsen et al., (2020, b).
The main feature of the spatial criteria is diversity. In other words, the assessment is not
completely dependent on the distances to specific points as constraints, but also considering
the total affected landscapes by the realization of renewable energy. However, the selection of
the five sub-criteria was mainly achieved based on these resources (Climate Agreement, 2019;
NOVI, 2019; Bredenoord et al., 2020; de Vries et al., 2020; Matthijsen et al., 2020, b), and
each criterion was clearly stated in other resources. For example, the assessment of Distance
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to city centres in this study, based on the considerations for the construction of wind energy
turbines, provided from the publication 'Guide to the Valuation of the Landscape Impact of
Wind Energy' (H + N + S, 2013).
The pair-wise comparison for spatial sub-criteria resulted that the Combination of wind and
sun generation, and the Combination of demand and supply, surprisingly, have the highest
rating scores, as Figure 30 shows. On the contrary, it was expected that Distance to city centres
and Landscaper restoration could have the highest score given the importance of the placement
of wind fields, however, they were not of significance to the stakeholders’ weight.
In terms of Social Criteria: Social criteria are important to measure the effects, explicitly or
implicitly, of the users of the energy system on the social system, therefore, several kinds of
literature discussed the significance of adopting social criteria in the evaluation process. The
determination of sub-criteria was based on multiple sources (Begić and Afgan, 2007; Burton
and Hubacek, 2007; Chatzimouratidis and Pilavachi, 2008; Wang et al., 2009; Martín-Gamboa
et al., 2017; Ezbakhe and Perez-Foguet, 2020; Angel, 2016; Smith et al., 2016; Gancheva et
al., 2018; Oudes and Stremke, 2018; Gregg et al., 2020). The criterion Local energy ownership
and job creation were stressed in papers of Smith et al., (2016), Gancheva et al., (2018), and
Gregg et al., (2020), as is strongly connected to the concept of energy democracy. Thus, it was
expected to hit first place in the ranking, however, the results were against expectations.
The pair-wise comparison for social sub-criteria resulted in Social acceptance gained the
highest score, as Figure 31 shows, contrary to the prospects that Local ownership will be of
great importance.

Figure 28. Ranking of Economic Sub-criteria.

Figure 29. Ranking of Environmental Sub-criteria

Figure 30. Ranking of Spatial Sub-criteria.

Figure 31. Ranking of Social Sub-criteria
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6.2 Sustainability Assessment Methodology of RES Alternatives
The second sub-research question “How to assess the performance of different alternatives
using these principles and multicriteria analysis?” was answered by conducting MCDA.
AHP as a structured technique from MCDA was used in the multi-objective assessment
process. The significant part of AHP was to provide a mechanism for integrating the knowledge
produced during the analysis with the valuation assessments of stakeholders engaged in the
process of decision making. What characterises AHP technique, is that it established on a pairwise comparison that simplifies nuanced decisions to a set of one-on-one comparison by
helping to define and weight the evaluation criterion. This method assisted in the elimination
of bias in decision-making, helped teams avoid typical mistakes in the decision-making
process, and ultimately, provided an objective judgment rather than the subjective one.
In terms of Weights Determination
According to Ezbakhe and Perez-Foguet (2020), the priorities of experts and policymakers are
usually uncertain, in relation to challenges of renewable energy decision-making. The
vagueness and inaccuracy of the most suggested MCDA strategies in the literature are not
considered by many, while the literature proposes only a small number of blurry approaches
(Kaya and Kahraman, 2010; Kontu et al, 2015; Seddiki and Bennadji, 2019).
In this study, the AHP approach introduced by Saaty (1988, 2016) was used to assess the
criteria weights when accounting for uncertainty in expert and decision-maker decisions for
weight deriving. The AHP method employs pairwise comparison with comparative differential
equations to cope with ambiguous results. The findings show that the AHP procedure is
appropriate for managing the inaccuracy of the opinions of the involved experts and
policymakers, which align with Waris et al (2019).
Regarding the results of this study, the pairwise comparison through a questionnaire helped to
prevent any detrimental effect on human assessment and precision. According to Saaty (1988,
2016), the AHP approach was perfectly feasible when four key criteria were considered. The
findings indicate that the AHP-derived weights for the parameters were coherent, reliable, and
accurate. This is supported by Ahmad and Tahar, (2014).
In terms of Aggregation approach
For the Sustainability Assessment of energy transition alternatives, most of the MCDA
approaches used the complete aggregation approach that occurs at the same level for all criteria
(Aras, Erdoğmuş, and Koç, 2004; Burton and Hubacek, 2007; Boggia and Cortina, 2010;
Cinelli et al., 2013a; Convertino et al., 2013; Cinelli et al., 2014; Cortina and Boggia, 2014;
Geneletti and Ferretti., 2015; Martín-Gamboa et al., 2017; McKenna et al., 2018; Wu, Xu, and
Yang, 2018), while only a few methods apply the partial aggregation of each category of
alternatives at each hierarchical level (Aras, Erdoğmuş, and Koç, 2004; Dweiri and Al-Oqla,
2006; Chatzimouratidis and Pilavachi, 2008; Ahmad and Tahar, 2014; Saaty, 1988, 2016;
Shmelev and Van Den Bergh, 2016; Marttunen, Belton, and Lienert, 2018). This method of
aggregation is a bottom-up process that ends with the highest-level goal.
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One of the downsides of the complete aggregation method is enabling the replacement of poor
scores in certain parameters for positive outcomes in others, whereas the partial aggregation
approach, at each hierarchical level, prevents the replacement among the evaluation criteria
(Seddiki and Bennadji, 2019).
This study is characterised by providing a considerable contribution in terms of the
Sustainability Assessment of renewable energy alternatives for the energy transition by
applying partial aggregation at all hierarchical levels for each category of RES alternatives.
The case study findings show that the AHP approach is well adapted for this type of challenges
since it considers the imprecision and assumptions in the assessments of various experts and
decision-makers preferences, in addition to, the identification of the best renewable energy
option for the Regional Energy Strategy in the North-Veluwe region.
Alternative A, which achieved the highest ranking, was the best alternative, giving the fact that
it has flaws in the most critical criterion, which is operation and maintenance costs. This states
that the ideal sustainable energy solution is not the one with the great attributes in the
parameters with the strongest weight, but the one that reflects the best balance among all
assessment criteria, which is consistent with Macharis et al, (2004).
The results demonstrate the use of the partial aggregation technique as a key feature of the AHP
method, which would not allow for replacement between parameters. This is contrary to other
literature methods (Kaya and Kahraman, 2010; Kontu et al, 2015; Seddiki and Bennadji, 2019)
which allow compensating parameters that could produce biased results. In addition, contrasted
with the relevant approaches in the literature, a further point of the AHP technique is the
provision of detailed instructions to address potential disagreements between decision-making
bodies.
In terms of Stability Analysis
The validity of the study findings was tested through sensitivity analysis, therefore, through
sensitivity analysis, the challenging facets of the process can be revealed. In turns, this enables
additional examination and further improvement, as required, to sustain the decision-making
process. The outcomes from this sensitivity analysis demonstrate a strong AHP response to the
different priorities and key considerations involved in the evaluation process.
Knowledge of complexity factors is expected to improve decision-makers perceptions of the
advantages of different proposed alternatives and, as a result, to direct their strategy properly
(Geneletti, 2005). As the results show, Alternative A was consistently classified as the best
option in all five scenarios, developed in the Sensitivity Analysis, while Alternatives B and C
interchanged for second and third position, indicating that they are far more unstable and
unpredictable.
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6.3 Alternative-Ranking Variation
The third sub-research question “How do the assessment and weighting of criteria vary across
different groups and locations within the study area?” was answered by conducting the AHP
decision matrix comparison for the three municipalities, Hattem, Ermelo, and Harderwijk
within the North-Veluwe region. Thus, the assessment diversity, based on local stakeholders’
preferences, was presented across the region of North-Veluwe.
The originality of this study is the investigation of how the ranking of alternatives would vary.
This was translated through the spatial mapping of Alternative A, with the highest score, with
respect for, Hattem, Ermelo, and Harderwijk municipalities.
The results show that this geographical reflection highlights the need for local stakeholder
views on the evaluation of sustainable energy use throughout the energy transition stage be
investigated and reviewed. Moreover, it also emphasizes how the evaluation and weighting
parameters vary inside the region of North Veluwe. On top of that, Alternative A has proven
to be a unique alternative, despite differences and diverse opinions when comparing
sustainability requirements. Ultimately, this mapping shows, however, how important is the
difference in the evaluation outcomes, founded on various local inputs and choices.
On the other hand, the results from examining the local preferences from experts of the three
municipalities revealed the stability, durability, and robustness of Alternative A despite the
significant differences in local and global interests for the municipalities. This analysis is
considered as another Sensitivity Analysis from a different perspective. In addition, this
investigation reinforced the specific characteristics of Alternative A which are represented by
equilibrium and moderation, feasibility, biodiversity preserving, economically profitable, and
agricultural transition accelerating.
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6.4 Practical Requirements
The Sustainability Assessment of Regional Energy Strategy in the North-Veluwe region is
considered as a practical example of how the evaluation procedure of the RES should conduct.
This study can be generalized on the regional level in the Netherlands. Since the Netherlands
has distinctive characteristics from the rest of European countries in particular and international
countries in general, the generalization of this study at the global level should be cautious. This
is because the evaluation criteria have been developed in a method consistent with the specific
characteristic and requirements for the energy transition in the Netherlands.
The suggested AHP approach has certain drawbacks. It can be a time-costing and daunting
approach for decision-makers to obtain a simple view of the decision context with more than 7
criteria selected by the pair-wise comparison and questionnaire. Furthermore, the introduction
of the proposed solution also involves the full cooperation of locals, partners and participating
in the energy transition process of specialist specialists with full knowledge of the context.
Moreover, a few limitations appeared when the information was gathered. Owing to the data
collection protocol and Corona regulations, this research used an online questionnaire. The
findings may have been different if the data was gathered by a face-to-face questionnaire
because the sample size of the questionnaire might have been relatively high. In addition, the
questionnaire was sent to 22 stakeholders, unfortunately, only 5 participants had interacted and
responded. Therefore, the sample size was also impacted due to this problem, as certain
stakeholders did not reply when the researchers approached them. For further studies, it is
recommended to include more participants to have a border interactive platform, conduct face
to face interviewing and more stakeholder’s diversity, such as NGOs, environmentalists, etc.
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7. Conclusion
In the Netherlands, the target of the energy transition is to ensure a renewable energy supply.
A comprehensive sustainability assessment tool is required that provides guidance to decisionmakers and incorporate spatially the judgments and preference of multiple actors.
The identification of the most sustainable energy transition alternative of Regional Energy
Strategy is a sophisticated decision issue concerning a wide range of alternatives, multiple
parameters, conflicted stakeholders, as well as uncertainty, vagueness, and subjective data.
Multi-criteria decision analysis is an effective method for this form of dilemma, it assists
decision-makers in identifying the perfect solution. This study has an added value due to the
use of a multi-criteria decision analysis method in the identification of the best renewable
energy alternatives for energy transitions. AHP as a structured technique of MCDA provided
a comprehensive qualitative method based on decomposition, comparable decisions, and
priority synthesis. It is used for finding a solution to the challenge of location election in the
North-Veluwe region as a case study.
AHP technique was practical to provide a combination of the contribution of the spatial pattern
for the alternatives in the decision-making phase, the locations in which alternatives are taken
and their attributes, and the value judgments included in the assessment of decision-making
process. The implementation of the AHP technique to the North-Veluwe region case study
emerged as an important tool, enabling the selection of the best renewable energy solution.
This technique aids in the formulation of the problem and is especially useful in dealing with
uncertainty in expert's judgments.
Building the AHP decision matrix required a theoretical framework for Sustainability
Assessment criteria, Semi-structured interview, and Structured interview through a
questionnaire. The weights of criteria were assigned by the involved stakeholders in the NorthVeluwe region through the questionnaire. The results of AHP decision matrix indicate that the
weights of the parameters derived from AHP were coherent, reliable, and accurate. The AHP
method is useful for determining the best renewable energy options for the energy transition
from a spatial perspective. Furthermore, the AHP method is ideally adapted for this type of
challenges because it prevents the destruction of essential assessment data and considers
ambiguity and approximations in the assessments of various experts and decision-makers.
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The Sustainability Assessment of three alternatives offered by RES of the North-Veluwe area
revealed that Alternative A is the most sustainable among alternatives B and C. For the
robustness of the final decision, this evaluation is based on the AHP decision matrix, pair-wise
contrast, and sensitivity analysis. The sensitivity analysis concluded that Alternative A is the
best alternative, while the alternatives B and c contested for second and third positions. The
general judgment that A is the best RES alternatives is also systematic and dependent on the
stakeholder's preferences of the region of North Veluwe.
Subsequently, the results emerged during the local preferences analysis and the opinion Survey
of the three experts from the three municipalities of Hattem, Ermelo and Harderwijk.
Alternative A has been found to be the most suitable alternative, despite different local and
global weight offered by the three stakeholders concerned with the Sustainability Criteria.
Moreover, this study strengthened Alternative A basic characteristics that include balance and
moderation, viability, preservation of biodiversity, economic profitability and speeding up
agricultural transitions. For future studies, similar studies can be conducted using AHP
technique, based on a smaller number of assessment criteria, boarder participants interactive
platform, and more stakeholder’s diversity.
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9. Appendix
Appendix A. Typical assessment criteria of energy systems from a spatial
perspective.
Main Criteria

Economic
criterion

Environmental
criterion

Sub-criteria

Definition

Literature

1.Investment costs

Total expense for full operating
energy expenditure

Begić and Afgan, 2007; Burton
and Hubacek, 2007; Wang et al.,
2009; Shmelev and Van Den
Bergh, 2016; Martín-Gamboa et
al., 2017; Abu-Rayash, and
Dincer, 2019; Ezbakhe and
Perez-Foguet, 2020

2.Operation and
maintenance costs

Total operational and
technological maintenance costs

Begić and Afgan, 2007; Burton
and Hubacek, 2007; Wang et al.,
2009; Shmelev and Van Den
Bergh, 2016; Martín-Gamboa et
al., 2017; Abu-Rayash, and
Dincer, 2019; Ezbakhe and
Perez-Foguet, 2020

3.Local and regional
economic
development

Combining tasks and investments
and linking to the transition to
circular agriculture (connecting
synergies).

Omer, 2008; Chel and Kaushik,
2011; Climate Agreement, 2019;
NOVI, 2019; Ruban et al., 2020;
Ezbakhe and Perez-Foguet, 2020

4.Biodiversity impact;
peat oxidation and
CO2 reduction

Extent of the loss of
Burton and Hubacek, 2007;
environmental value due to the
Shmelev and Van Den Bergh,
implementation of the technology 2016; Martín-Gamboa et al.,
2017; Oudes and Stremke, 2018
Abu-Rayash, and Dincer, 2019

5.Natura 2000;
protected eco
complexes

Distance to Natura 2000 areas
and national park.

Sijmons et al., 2017; Oudes and
Stremke, 2018; de Vries et al.,
2020

6.Special ecological
function; high nature
values

Distance to high nature value
areas

Sijmons et al., 2017; Oudes and
Stremke, 2018; de Vries et al.,
2020

Table 12. Typical assessment criteria of energy systems from a spatial perspective, part 1.
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Main Criteria

Spatial criterion

Sub-criteria

Definition

Literature

7.Landscape
restoration

Matching area-specific
characteristics; Spatial quality

8.Land use change

Complete territory used for
infrastructure implementation

Naveh, 2007; Pasqualetti and
Stremke, 2018; Climate
Agreement, 2019; NOVI, 2019;
Bredenoord et al., 2020; de Vries
et al., 2020; Matthijsen et al.,
2020, b
Hooimeijer et al., 2001; Stremke
and van den Dobbelsteen, 2012;
2019; Climate Agreement, 2019;
NOVI, 2019; de Vries et al.,
2020; Matthijsen et al., 2020, b

9.Distance to city
centres

To decrease sound, noise, and
visual impact

10.Demand and
supply combination

Distance between production and
consumption for renewable
energy is as close as possible

11.Wind and sun
combination

Combining solar and wind
energy fields

12.local ownership
and employment/ job
creation

Social criterion

13.Social acceptance

14.Coherence with
protected village and
cityscapes

Betakova et al., 2015; Pasqualetti
and Stremke, 2018; Mauro,
2019; de Vries et al., 2020;
Matthijsen et al., 2020, a
Climate Agreement, 2019;
NOVI, 2019; Matthijsen et al.,
2020, a; Matthijsen et al., 2020, b

Jerez et al., 2013; PBL, 2013;
Ministry of Economic Affairs,
2016; Zhou et al., 2018;
Carvajalromo et al., 2019; SilvaLeon et al., 2019; Weschenfelder
et al., 2020
Public-private partnerships that
Begić and Afgan, 2007; Burton
promote joint ownership between and Hubacek, 2007;
public and private partners.
Chatzimouratidis and Pilavachi,
2008; Wang et al., 2009; MartínDirect and indirect jobs created
Gamboa et al., 2017; Ezbakhe
by technological innovation.
and Perez-Foguet, 2020; Angel,
2016; Smith et al., 2016;
Gancheva et al., 2018; Oudes and
Stremke, 2018; Gregg et al.,
2020
Public community level of
Burton and Hubacek, 2007;
agreement
Wang et al., 2009; Shmelev and
Van Den Bergh, 2016; MartínGamboa et al., 2017; AbuRayash, and Dincer, 2019;
Ezbakhe and Perez-Foguet, 2020
Respecting the protected cultural- Johansson and Laike, 2007;
historical edges of old centres
Saidur et al., 2011; Wang and
Wang, 2015; Oudes and Stremke,
2018; Mauro, 2019; de Vries et
al., 2020

Table 13.Typical assessment criteria of energy systems from a spatial perspective, part 2.
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Appendix B. Structured interview through questionnaire
Sustainability assessment of Regional Energy Strategy in the North-Veluwe region
Introduction
Welcome to this questionnaire.
The Netherlands is progressively moving from fossil fuels to sustainable, alternative sources
of energy. Some mark these energy shift as "energy transition".
To assist and support in the decision-making of the most sustainable energy transition scenarios
for The North-Veluwe region in the Netherlands, the focus of the survey is to show how the
evaluation of sustainability changes spatially according to the preferences of local stakeholders
along with the seven involved municipalities in the North-Veluwe Region.
For my master's thesis at Wageningen University & Research, I will investigate sustainability
and the preferences of stakeholders of Noordveluwe about energy transition. This survey
consists of the following parts:
A. General questions
B. preferences of general categories
C. preferences of sub-categories
D. Propositions about indicators
E. Background information
You are warmly welcomed, as a stakeholder, to participate in a survey. Your responses will be
viewed privately and used solely for the purposes of this report. It will take you about 20
minutes to complete the survey. Your feedback is extremely valuable therefore I would like to
thank you for participating in my survey. Any answers you provide will remain anonymous.
Your involvement is optional, and you can end at any time. By participating in this survey, you
consent to the use of your responses for this survey and acknowledge that you are 18 years of
age or older.
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A. General questions
1- Please rate the goals for energy transition on the following scale, which ranges from 1-5
(1: Less importance, 5: High importance)
•
•
•

Greenhouse emissions reduction
Renewable energy generation increasing
Climate change adaptation

B. Preferences of main categories
There are four main considered categories/ criterion for evaluating the three variations were
proposed for sustainable energy transition: economic, environment, spatial and social. Each
category/ criterion contains several sub-categories/ indicators.
2- Please evaluate these main categories from your opinion from 1: Less importance to 4:
High importance.
•
•
•
•

Economic categories
Environmental categories
Spatial categories
Social categories

To determine the weights of the four categories/ criterion, the questions are now about a pair
wise comparison for the following criterions: “How much more important is criterion A
than criterion B in the in Noord-Veluwe energy transition?” on a nine-point scale.
1 Extreme importance of A; Criteria A is ABSOLUTELY MORE important than B.
3 Moderate dominance of A; Criteria A is SOMEWHAT MORE important than B.
5 Equal importance for both A, B.
7 Moderate dominance of B; Criteria B is SOMEWHAT MORE important than A.
9 Extreme importance of B; Criteria B is ABSOLUTELY MORE important than A.
3- How much more important is criterion A than criterion B in the in Noord-Veluwe energy
transition? Please choose a number.

•
•
•
•
•
•

Economic criterion VS Environmental criterion.
Economic criterion VS Spatial criterion.
Economic criterion VS Social criterion.
Environmental criterion VS Spatial criterion.
Environmental criterion VS Social criterion.
Spatial criterion VS Social criterion.
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C. Preferences of sub-categories
The assessment is based on a pair-wise comparison for the following criterion.
4- Please choose a number as shown below to comment on each criterion’s importance level
compared to the other criterion:
Economic indicators
• Investment costs VS Operation and maintenance costs.
• Investment costs VS Local and regional economic development.
• Operation and maintenance costs VS Local and regional economic development.
5- Please choose a number as shown below to comment on each criterion’s importance level
compared to the other criterion:
Environmental indicators
• Biodiversity VS and Natura 2000.
• Biodiversity VS Special ecological function.
• Natura 2000 VS Special ecological function; high nature value.
6- Please choose a number as shown below to comment on each criterion’s importance level
compared to the other criterion:
Spatial indicators
• Landscape restoration VS Land use change.
• Landscape restoration VS Distance to city centres.
• Landscape restoration VS Demand and supply combination.
• Landscape restoration and Wind and sun combination.
• Land use change VS Distance to city centres.
• Land use change VS Demand and supply combination.
• Land use change VS Wind and sun combination.
• Distance to city centres VS Demand and supply combination.
• Distance to city centres VS Wind and sun combination.
• Demand and supply combination VS Wind and sun combination.
7- Please choose a number as shown below to comment on each criterion’s importance level
compared to the other criterion:
Social indicators
• local ownership and employment VS Social acceptance.
• local ownership and employment VS Coherence with protected village and cityscapes.
• Social acceptance VS Coherence with protected village and cityscapes.
D. Propositions about indicators
8- From your experience as an involved stakeholder and expert, do you have any suggestion
or recommendations in regard with previous categories and indicators of energy transition
in Noord-Veluwe?
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E. Background information
Finally, there are number of questions about your background information.
9- Please fill in your background information
•
•
•
•
•

Name: (optional)
Email: (optional)
Job title:
Company name interested in energy transition:
Municipality/ Region representative:

10- Which group of stakeholders are you representing?
•
•
•
•
•
•
•
•

Policy maker
Private sector
Researcher
NGOs representative
Policy adviser
Investor
Developer
Others

11- Do you have any other comments, questions, or suggestions?
Thank you for taking the time to complete this survey. Your participation in this research is
very much appreciated.
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Appendix C. Semi-structured interview
The questions asked to the interviewees are as follows:
1. Do you have a key role in the foundation of RES North-Veluwe region?
2. What is your role in RES North-Veluwe region?
3. How did you start in the foundation of RES North-Veluwe region?
4. Did you start from a roadmap for RES North-Veluwe region?
5. How did you start the formulation of the three Alternatives of RES North-Veluwe
region?
6. Do you have indicators for RES North-Veluwe region Alternatives?
7. What are the determinants when proposing RES North-Veluwe region Alternatives?
8. What are the specific/ local indicators used for the three Alternatives of RES NorthVeluwe region?
9. What are the spatial indicators used in relation to energy transition?
10. What are the most difficulties encountered when determining the Alternatives
locations?
11. What is the main feature of each of the three Alternatives?
12. Do you have any suggestion for the attached Criteria Assessment document?
13. Do you have any recommendation in terms of the Sustainability Assessment of RES
North-Veluwe region Alternatives?
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Appendix D. Alternative performance assessment
Main Criteria

Sub-criteria

Unit

Score

Pair-wise
Comp.

Target

A+
A: 75 million
B
Investment costs

EUR

B: 90 million

Minimized
C-

C: 92 million

Economic
criterion

Operation and
maintenance costs

Local and regional
economic development

Biodiversity impact;
Peat oxidation

Environmental
criterion

Natura 2000; protected
area and eco
complexes

EUR

Ha

Ha

Ha

A: 1/2, B: 2

B+

A: 2, C: 1/2

A

B: 2, C: 1/2

C-

A: 110 ha

A+

B: 110 ha

B+

C: 100 ha

C

A: 10%

A+

B: 60%

C

C: 15%

B-

A: 3, B: 1/3

C+

A:1/2, C: 2

A

B:1/3, C:3

B-

Minimized

Maximized

Minimized

Maximized

A+
Special ecological
function

A: 5, B: 1/5
C
Ha

A: 3, C: 1/3

Maximized
B-

B: 1/3, C: 3

Table 14. Alternative performance assessment, part 1
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Main Criteria

Sub-criteria

Landscape restoration

Land use change

Unit

Ha

Ha

Score

Pair-wise
Comp.

A: 50%

B+

B: 80%

C+

C: 80%

A-

A: 230 ha

B+

B: 180 ha

A

C: 280 ha

C-

A: 1/2, B: 2

C+

A: 1/2, C: 2

B

B: 1/2, C: 2

A-

Target

Maximized

Minimized

Distance to city centres
Ha
Spatial
criterion

Minimized

C+
A: 2, B: 1/2
Demand and supply
combination

A
Ha

A: 1/2, C: 2

Maximized
B-

B: 1/2, C: 2
B+
A: 1/2, B: 2
Wind and sun
combination

A
Ha

A: 2, C: 1/2

Maximized
C-

B: 2, C: 1/2

local ownership and
employment

A: 2, B: 1/2

C+

A: 1/2, C: 2

A

B: 1/2, C: 2

B-

Rating:
Maximized

1-5
B+
A: 1/2, B: 2
Rating:

Social criterion

Social acceptance

A
A: 2, C: 1/2

1-5

Maximized
C-

B: 2, C :1/2
Coherence with
protected village and
cityscapes

A: 1/2, B: 2

B+

A: 2, C: 1/2

A

B: 2, C :1/2

C-

Rating:
1-5

Table 15. Alternative performance assessment, part 2
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Appendix E. Ranking of alternatives across the study area
Hattem Municipality
Main Criteria

Economic
criterion

Environmental
criterion

Spatial criterion

Social criterion

Local
weight

Sub-criteria

Local
weight

Global weight

Investment costs

0.1428

0.0806

Operation and maintenance costs

0.1428

0.0806

Local economic development

0.7142

0.4035

Biodiversity impact

0.6098

0.1598

Natura 2000

0.1655

0.0433

Special ecological function

0.2246

0.0588

Landscape restoration

0.0941

0.0110

Land use change

0.0941

0.0110

Distance to city centres

0.2062

0.0242

Demand and supply combination

0.1330

0.0156

Wind and sun combination

0.4724

0.0555

local ownership and employment 0.1655

0.0009

Social acceptance

0.6098

0.0336

Coherence with village

0.2246

0.0123

0.565

0.2622

0.1175

0.0552

Table 16. local and global weights for main and sub-criteria for Hattem Municipality

Ranking

Name

Ideals

Normal

1

Alternative A

1.000000

0.3832

2

Alternative C

0.8171

0.3131

3

Alternative B

0.7921

0.3035

Table 17. Final ranking of the three Alternatives in both ideal and normal modes for Hattem

Municipality
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Ermelo Municipality
Main Criteria

Economic
criterion

Environmental
criterion

Spatial criterion

Social criterion

Local
weight

0.1059

0.4475

0.1636

0.2829

Sub-criteria

Local
weight

Global weight

Investment costs

0.0719

0.0007

Operation and maintenance costs

0.2789

0.0295

Local economic development

0.6491

0.0687

Biodiversity impact

0.6144

0.2749

Natura 2000

0.2683

0.1200

Special ecological function

0.1172

0.0524

Landscape restoration

0.1391

0.0227

Land use change

0.2074

0.0339

Distance to city centres

0.1077

0.0176

Demand and supply combination

0.3148

0.0515

Wind and sun combination

0.2307

0.0377

local ownership and employment 0.6491

0.1836

Social acceptance

0.2789

0.0789

Coherence with village

0.0719

0.0203

Table 18. local and global weights for main and sub-criteria for Ermelo Municipality

Ranking

Name

Ideals

Normal

1

Alternative A

1.000000

0.3934

2

Alternative C

0.9485

0.3732

3

Alternative B

0.5930

0.2333

Table 19. Final ranking of the three Alternatives in both ideal and normal modes for Ermelo

Municipality
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Harderwijk Municipality
Main Criteria

Economic
criterion

Environmental
criterion

Spatial criterion

Social criterion

Local
weight

0.0654

0.5963

0.0859

0.2523

Sub-criteria

Local
weight

Global weight

Investment costs

0.4666

0.0305

Operation and maintenance costs

0.4666

0.0305

Local economic development

0.0666

0.0004

Biodiversity impact

0.3333

0.1987

Natura 2000

0.3333

0.1987

Special ecological function

0.3333

0.1987

Landscape restoration

0.0526

0.0004

Land use change

0.0740

0.0006

Distance to city centres

0.1137

0.0009

Demand and supply combination

0.3699

0.0316

Wind and sun combination

0.3897

0.0334

local ownership and employment 0.4545

0.1146

Social acceptance

0.4545

0.1146

Coherence with village

0.0909

0.0229

Table 20. local and global weights for main and sub-criteria for Harderwijk Municipality

Ranking

Name

Ideals

Normal

1

Alternative A

1.000000

0.4258

2

Alternative C

0.8350

0.3555

3

Alternative B

0.5133

0.2186

Table 21. Final ranking of the three Alternatives in both ideal and normal modes for Harderwijk

Municipality
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