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Abstract 

This paper investigates the relation between financial participation and preferences for design 

elements as well as attitudes towards the energy transition. The design elements are used to 

characterise dimensions of the energy transition. Based on a survey of more than 1000 German 

citizens, we find significant differences in attitudes and preferences for design elements of the 

energy transition between respondents who financially participate and those that do not. We 

further learn that energy justice is important, but is less supported in case that subsidies of 

disadvantaged consumers lead to higher burdens for the remaining society. 
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1 Introduction 

The energy system as a socio-technical system is transforming towards a sustainable energy system, 

i.e. towards a green, clean or a low-carbon energy system (Tian et al. 2022; Johnstone et al. 2020) 

to mitigate climate change. The energy transition (ET) is characterised by its differing dynamics, 

guiding objectives, motivations, actions, policies and pathways and further aspects. According to 

the German Environmental Agency (UBA 2020) and the Federal Ministry of Economic Affairs and 

Climate (BMWK 2023), the motivations of the ET are grounded on the provision of sustainable, low-

carbon, efficient, affordable and secure energy. It comprises a bundle of activities in several areas 

such as energy efficiency, renewable energies, nuclear and fossil fuel phase-out, grid extension and 

enforcement, smart grid and energy storage and negative emissions which are called for by 

academics as well (Leopoldina et al. 2023; Fraunhofer CINES 2020). Recently, additional actions such 

as sector coupling including flexibility (Johansen 2022; Reiner Lemoine Institut 2019), and 

decentralised generation and consumption structures (Maiwald and Schuette 2021) are further 

important features of the German energy transition (Reiner Lemoine Institut 2019; Fraunhofer 

CINES 2020).  

The European Commission has published the Energy Union strategy (European Commission 2015) 

aiming at building an energy union that provides secure, sustainable, competitive and affordable 

energy to all energy consumers. It includes actions in five dimensions: decarbonisation including 

renewable deployment, energy efficiency, internal energy market (in the EU), energy security, 

innovation and competitiveness. It also aims at a fair and inclusive energy transition that empowers 

citizens. At the political level, a mix of different policies such as long-term strategies and targets, 

regulations and policy instruments including financial (dis)incentives are envisaged to promote the 

energy transition (Cárdenas Rodríguez et al. 2015; Kitzing et al. 2012; UBA 2020; European 

Commission 2022b).  

Several studies, e.g. Ruddat and Sonnberger (2015), Baur et al. (2022), Wolf et al. (2021) analyse the 

societal acceptance of the energy transition in general, or of local projects. However, no study looks 

into the perception and acceptance of specific design elements of the energy transition. Design 

elements have an impact on how the energy transition is perceived, implemented and understood, 

i.e. they characterise the energy transition. A bundle of selected design element that address a 

specific area of the energy transition is called dimension. Thus, design elements characterise the 

dimensions of the energy transition. For example, design elements on burden sharing address 

distributional and justice aspects. Design elements addressing the costs of the energy transition 

reflect the cost dimension. Elements with respect to security of energy supply refer either to the 

dimension independency with a focus on imports, or reliability if the focus is on internal reliable 

supply. Policy aspects are captured by the dimension action with design elements encompassing 

targets and strategies, or measures comprising instruments. Several authors look into the 

relationship of acceptance and financial participation in the context of the energy transition. There 

is evidence that participation of residents or communities in renewable energy (RE) projects can 

increase local acceptance of wind energy projects (Langer et al. 2018; Liebe et al. 2017; Lienhoop 

2018; Musall and Kuik 2011; Warren and McFadyen 2010; Breitschopf et al. 2022). They found a 

positive relation between these factors. However, there is no evidence regarding the link between 

financial participation and preferred design elements of the energy transition. 

Since a broad acceptance of the energy transition is key for a sustainable transition, we work out 

how such a broadly accepted energy transition could look like. Thus, this research aims at better 

understanding, which design elements of the energy transition are preferred more and which ones 

less by citizens and whether and how these preferences are linked to socio-economic or 
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demographic features, to general attitudes towards the energy transition and to financial 

participation of citizens in the energy transition. 

We do this by means of a survey among the German population that includes socio-demographic 

questions but also questions regarding the attitudes towards the energy transition and the 

acceptance of selected design elements of the energy transition that are bundled by their link to 

the respective dimensions. 

In the next section, we outline our conceptual and methodological approach. In Section 3, we 

present the results of the study and the paper concludes with a discussion of our findings in 

Section 4.  
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2 Conceptual and methodological approach 

We use an online survey to collect data on German citizens’ attitudes towards the energy transition, 

their form of financial participation and their preferences regarding different design elements of 

the energy transition. The aim of the survey is threefold:  

1) To understand which design elements of the energy transition are preferred by citizens. 

2) To analyse whether citizens’ perception of or preferences for certain design elements are 

linked to financial participation in the energy transition. 

3) To analyse whether citizens’ perception of or preferences for certain design elements are 

linked to socio-demographic features.   

In this section, we describe the central concept of the study, method of data collection, 

operationalisation of the research approach, sample description and methods of data analysis.  

2.1 Central concepts of the study: financial participation and 

dimensions of the energy transition 

2.1.1 Financial participation 

We define financial participation in the energy transition as material-financial participation (Radtke 

and Renn 2019) where citizens spend money to invest in a renewable energy project (Holstenkamp 

and Radtke 2018). Thus, they have fixed assets or shares in fixed assets in the area of energy 

generation, or e-mobility. This includes investments in decarbonisation of heating (e.g. heat pumps) 

or own electricity generation with a small roof-top PV plant, membership in energy cooperatives or 

holding shares in solar or wind power parks or investment funds, as well as owning electric vehicles. 

Small investments, such as purchasing efficient light bulbs in the area of energy efficiency for 

example, are not taken into account here. 

2.1.2 Dimensions of the energy transition 

In line with the objectives of the Energy Union, a key element of the European Green Deal is the 

supply of clean affordable and secure energy to all. Renewable energy plays an essential role for 

providing clean energy, while energy efficiency is key for actually achieving a high share in clean 

energy. Further, sector integration through smart infrastructure accounting for flexible generation 

and consumption is another element. Overall, this should come at minimum costs and social 

fairness (European Commission 2021, 2019). In light of the energy crisis, the European Commission 

has stressed the significance of energy savings for a secure energy supply, including energy 

efficiency and behavioural changes (European Commission 2021, 2022a). The strategies and 

objectives of the German Federal Ministry of Economic Affairs and Climate Actions with respect to 

the energy transition are in line with those of the European Commission. Key pillars of the energy 

transition are energy efficiency in buildings and industrial processes, use of renewable energies, 

smart infrastructure to increase flexible demand and supply of electricity and phasing out of nuclear 

power and coal (BMWi 2021b). The implementation of the measures such as use of renewable 

energies, increasing flexibility in energy supply and demand through sector coupling as well as their 

impacts e.g. on energy prices, economy and environment are monitored on regular basis on behalf 

of the European Commission or federal government (BMWi 2021a). 

Further, we take into account the findings of workshops combined with a survey on perceived 

effects of the energy transition, as presented in Burghard et al. (2021) as well as the outcome of 
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scenario workshops as depicted in Dönitz et al. (2023), The scenario developed with the help of the 

workshop emphasizes the desire for a strong participation and self-supply versus another scenario 

pointing to an indifference combined with the desire of a low-cost energy supply. The workshop 

and survey revealed that the dynamics of the energy transition, the environmental effects and the 

increasing energy costs in financial terms as well as additional burdens for citizens were issues for 

all participants - whether they participate financially in the energy transition or not. Moreover, 

renewable energies are seen as an important element, with active participation advocated 

predominantly by the participating group. In summary, there was overall agreement on the 

necessity of the energy transition.  

Based on the European and German policy mix regarding the energy transition and its 

implementations as well as the expressed desires and concerns of citizens in the framework of the 

workshop, we have detected design elements that we sort into the seven dimensions. These 

dimensions are identified as significant and important for the energy transition as they stand for 

overall objectives and areas of the energy transition. They encompass financial, security, political, 

social and societal aspects to implement the energy transition (see Section 2.3). For example, the 

dimension distribution encompasses four design elements for “burden sharing” based on different 

principles of sharing: burden sharing on the basis of energy consumption, or burden sharing with 

reliefs for energy poor supported by the state or by all consumers, burden sharing with support for 

energy intensive industries. The dimensions are:  

Figure 1: Dimensions of the energy transition (ET) defined by their design elements 

 

1) Distribution of burdens aims at understanding which type of burden sharing with respect to 

the additional costs of the energy transition is preferred, and, thus, includes social, justice, 

competitiveness and fairness aspects (distribution) 

2) Independency suggests a secure energy supply not depending on imports from abroad. The 

term abroad refers either to the EU or to all countries that are not part of the EU (independency) 

3) Reliability includes the notion of affordability and autonomy of households and covers 

financial (prices) as well as reliable energy consumption (reliability) 

1 Distribution

•social aspects , justice

•fairness and competitiveness

2 Independency

•secure energy supply not 

depending on imports from 

abroad

3 Reliability

•affordability and autonomy 

of households

•security aspects regarding 

prices and energy 

consumption

4 Actions

• implementation of ET via 

strategies and targets e.g. 

renewable energy 

deployment, efficiency, 

flexibility

5 Measures

•policy instruments 

promoting the ET

6 Investors

•key actors for energy supply

7 Cheap/low cost 

energy transition and trade-

off with other aspects
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4) Actions refer to how the energy transition should be implemented, namely deploying 

renewable energies, energy efficiency, flexibility and sufficiency and includes policy aspects 

(strategy and targets) with regard to the implementation of the energy transition (actions) 

5) Measures refers to types of policy instruments promoting the energy transition (measures) 

6) Investors refers to key actors that should play a key role in society with respect to energy 

supply and includes a societal dimensions (investors) 

7) Cheap or low cost energy transition represents the notion low cost versus a transition 

accounting for environmental, security, climate and participatory aspects potentially entailing 

higher costs (cheap cost) 

2.2 Data collection and survey design 

The online survey was conducted in January 2022 in cooperation with a service provider for online 

polls. A sample of 1095 respondents was selected from an online panel of German citizens based 

on quotas with respect to socio-demographic features (see Annex A.1.1).  

On average, respondents took 10 minutes to complete the questionnaire, which comprised in 

total 12 main questions that included sub-questions or statements. The questions covered the 

seven dimensions that are characterised by their design elements of the energy transition, 

different forms of financial participation in the energy transition, respondents' motivations to 

financially participate in the energy transition or not, as well as the perception of the energy 

transition. In addition, nine questions on socio-demographic data were included in the 

questionnaire. When using statements, we asked the respondents to agree or disagree on a 5-

point Likert scale. The questionnaire is attached in Annex A.1.2. 

2.3 Operationalisation of research questions in the survey 

The questionnaire (Annex A.1.2) encompassed ten questions regarding socio-demographic 

features such as  

 sex (male (0), female (1), diverse (2)),  

 age groups (age) ranging from 1 to 6 (18-30 years (1), 31-40 years (2), 41-50 years (3), 51-60 

years (4), 61-70 years (5)), beyond 70 years (6), 

 education levels (edu) ranging from 1 to 3 (low level (1) -  elementary and primary school, no 

completed vocational training; medium level (2) – secondary school, completed vocational 

training; high level (3) – baccalaureate, university degree),  

 residential location (location) encompassing 4 categories from 0 to 3 (rural <= 5000 

inhabitants (0), small town between > 5000 and 20000 inhabitants (1), medium town between 

> 20000 and 100000 inhabitants (2), city with > 100000 inhabitants (3)),  

 type and ownership of housing (dwelling) with five categories ranging from 0 to 4 (own house 

(0) or flat (1), rented house (2) or flat (3), other (4)),  

 employment status (job) (employed (0), student (1), pensioner (2), housewife/man (3), 

unemployed (4), others (5)),  

 household type (household) encompassing 6 categories (single (0), with partner (1), with 

partner and child (2), with child(ren) (3), others (4), flat sharing (5)),  

 number of persons living in the household (persons) ranging (between 1, 2, 3 and >= 4 

persons,  

 and federal states of Germany (state), in total 16 states.  
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2.3.1 Financial participation 

Financial participation is captured by the following question: 

Do you or your household use or invest in one or more of the following options? 

 Small PV plant on the rooftop or a solar module at the balcony (PV plant) 

 Holding a share in a wind or PV solar park or green investment fund (shares) 

 Member in an energy cooperative (membership) 

 Having an electric car (e-car) 

 Heating with heat pump, wood, pellet or biogas burner (RE heat) 

For the analysis, we create three types of variables for financially participating persons:   

1. “re_consump” comprising the participation through having an e-car or heating system that is 

based on renewable energy sources,  

2. “re_electric” comprising all options of financial participation that generate renewable 

electricity (share, membership, PV plant), and  

3. “re_invest” including all participation options of “re_consump” and “re_electric”. 

In addition, we asked to indicate the main reasons for financial participation and non-participation. 

The following questions are included, and possible answers are rated on a five-point Likert scale 

from 1 'fully agree' to 5 'fully disagree'. 

1) What are your reasons for investment in one of these options? 

 Economic reasons: return from the PV, or savings of energy expenditures 

 Contribution to ET 

 Peers 

 Information through installer 

 Autonomy 

2) What are the reasons not to invest in one of these options? 

 Too expensive 

 No financial benefit 

 No installer or adviser  

 No technical know-how or no time 

 No interest to invest 

 Nor opportunity to invest a small amount 

 Not my job 

2.3.2 Attitudes towards the energy transition 

Attitudes are captured by four questions addressing perception of and interest in the energy 

transition. The attitudes of citizens towards the energy transition are a proxy for how strongly 

citizens accept or refuse the energy transition. Based on publications assessing the acceptance of 

the energy transition in Germany, we have included the following statements in our survey: 

1. “We need a consistent switch to renewable energies, even if it requires a lot of investment. “ 

This is based on Sonnberger and Ruddat (2016) and Ruddat and Sonnberger (2019) and the 

variable is called “renewables”. 

2. “The expansion of renewable energies should be slowed down” is based on Sonnberger and 

Ruddat  (2016) and Ruddat and Sonnberger (2019). We call the variable “slow-down”, or with 

an inverted scale “slowing”.    
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3. “I see the energy transition as positive for society” is also based on Sonnberger and Ruddat  

(2016) and Ruddat and Sonnberger (2019), but adjusted (wenn die EW umgesetzt wird, 

werden kommende Generationen davon profitieren). This variable is called „positive ET“ 

4. “I would like to deal with the energy transition as little as possible” relies on Sonnberger and 

Ruddat (2016) but is adjusted (ich bin sehr am Thema EW interessiert). This variable is simply 

expressed by the notion “no interest”, or with an inverted scale “interest”. 

The respondents could indicate on a five-point Likert scale whether they fully (dis)agree, partly 

(dis)agree, or are indifferent (neither nor). 

2.3.3 Dimensions characterised by design elements 

Finally, the remaining questions focus on the identified seven dimensions of the energy transition 

(see Section 2.1.2). We asked the following questions per dimension and provided a set of potential 

answers (design elements of the dimensions):  

 Dimension 1: Distribution: How should the costs arising from the energy transition be 

distributed across different actors such as well-off and energy poor citizens, SMEs, energy 

intensive companies? Based on literature findings on cost sharing approaches (Grave et al. 

2015) (Pahle et al. 2021) (Groh and Ziegler 2018) the following design elements are identified: 

 Consumption: each energy consumer pays according to its consumption. 

 Social status: each energy consumer pays according to its consumption, but energy poor 

(social groups with low income) receive a financial support by the state. 

 Social all: each energy consumer pays according to its consumption, but energy poor 

(social groups with low income) pay less, and the remaining energy consumers 

compensate this support and pay a bit more. 

 Industry exemption: each energy consumer pays according to its consumption, but energy 

intensive companies pay less to remain competitive, and the other energy consumers 

compensate this support and pay a bit more. 

 Dimension 2: Independency:  Which options contribute to an increasing import 

independency? In the light of the war in Ukraine, reducing the dependency on fossil fuels by 

accelerating Europe’s clean energy transition has gained in significance (European 

Commission 2022a). The design elements include: 

 Low EU imports: low energy imports from EU countries 

 Low global imports: low energy imports from countries outside the EU 

 Generation & storage: self-consumption by households (prosumer) 

 Networks: well-connected EU internal energy networks 

 Dimension 3: Reliability: Which of the following options are important to ensure a reliable 

energy supply? For example, the high share of volatile renewables in electricity generation 

might endanger a reliable power supply (La Mata Pérez et al. 2019). The design elements are: 

 Backups: potentially expensive back-ups in generation 

 Storages: potentially expensive storages 

 Low volatility: low price volatility of energy prices  

 Self-supply electricity: self-generation of electricity by households 

 Self-supply heat: self-generation of heat by households 

 DHC: Connection to a district heating system 

 Dimension 4: Actions: How should we achieve the energy transition in Germany? This 

dimension refers to the different activities or elements the energy transition is based upon. 

The design elements comprise the following actions: 
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 Renewables: deployment of renewable energies 

 Efficiency: investments in energy efficiency 

 Flexibility: adjustment of electricity consumption to the availability of renewable electricity 

 Sufficiency: reducing electricity consumption through behavioral adjustments 

 Dimension 5: Measures: Which policy measures should the government apply to promote the 

energy transition? Based on a policy typology (Bemelmans-Videc et al. 2006), the suggested 

measures are: 

 Regulation: introduction of regulations or standards e.g. in buildings 

 Prohibitions: prohibitions to use certain types of fossil energy carriers 

 Information: informing and appealing to save and use clean energy 

 Costs: higher prices for fossil fuels (e.g. through taxes) to make them more expensive 

 Dimension 6: Investors: Who should mainly invest in solar or wind power parks? A sustainable 

and secure energy system requires huge investments in energy generation, consumption and 

infrastructures (McCollum et al. 2018), and across all sectors such as the industry, energy, 

building, mobility and agricultural sector. These involve different actors from industry, politics 

and society (BMWK 2023; BMWi 2021b, 2015). Therefore, we include the following design 

elements: 

 National firms or utilities 

 Municipal utilities 

 International firms or utilities 

 Cooperatives or citizens’ communities 

 Green investment funds 

 Citizens with small roof-top PV plants 

 Municipalities as shareholders 

 Dimension 7:  Cheap costs (trade-off): How should the government further push the energy 

transition? Should it focus on cost efficiency only or also on other objectives? This question 

addresses the priorities of citizens regarding costs, versus sustainable energy use and secure 

energy supply, e.g. investigated by Motz (2021). The following design elements are suggested:  

 Cheap: the energy transition should be achieved at lowest costs, e.g. as cheap as possible. 

 Cheap_secure: as cheap as possible but it could cost a bit more if energy supply becomes 

more secure. 

 Cheap_volatile: as cheap as possible but it could cost a bit more if energy prices become 

less volatile. 

 Cheap_landscape: as cheap as possible but it could cost a bit more if energy supply does 

not impact too much the landscape. 

 Cheap_participation: as cheap as possible but it could cost a bit more if many citizens 

could participate in the energy transition through memberships in cooperatives, shares in 

wind power parks or investments in small roof-top PV plants. 

 Cheap_dynamics: as cheap as possible but it could cost a bit more if the energy transition 

gains momentum. 

2.3.4 Relevance of dimensions 

Regarding the “dimensions” we did not ask the respondents to express their rating or agreement 

regarding the dimension, in general. Instead, we have their agreement or disagreement with each 

suggested design element of the dimension. This means, within a dimension each design element 

could be rated by the same (dis)agreement level. By taking the average rating per dimension of 

each respondent, we see which dimensions represented by the selected design characteristics 
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receive the highest and the lowest rating. We derive from these ratings the perceived importance 

or relevance of the different dimensions of the energy transition.  

2.4 Data base and sample description 

The data was cleaned by deleting cases with more than 75% missing values in the questions on 

attitudes, financial participation and design elements, as well as by deleting cases with extreme 

positive or negative or average response tendency in the questions concerning the design 

elements. Finally, a 10% quartile for speeders and a 5% quartile for slow replies were applied. The 

final data set consisted of 887 cases. 

The sample is comparable with respect to age (> 18 years), gender, home ownership (residents 

living in own dwelling) and education of individuals to the population in Germany.  

The socio-demographic variables are depicted in Table 1 and Annex A.2.1.  

Table 1:  Overview on socio-demographic characteristics of the sample 

 
Source: own calculation 

2.5 Data analysis 

The data was analysed with the software STATA. In a first step, we conduct a descriptive analysis to 

see whether any dimension is preferred to other dimensions, or whether a design element within a 

dimension is preferred to any other characteristic of the same dimension. This descriptive analysis 

relies on means or shares of the “dimension-variables”. Further, we conduct group comparisons to 

test whether different socio-demographic groups, e.g. age groups, levels of education, sex, 

residential location, ownership and type of house (dwelling) or financially participating and not 

participating citizens, differ in their attitudes or preferences with respect to the dimensions of the 

energy transition. Finally, we employ a cluster analysis to identify different groups according to their 

preference patterns. The preference pattern displays different preferences for design elements 

within each dimension by identified socio-demographic characteristics. 

2.5.1 Group comparison tests 

We apply tests for differences between groups that are formed based on their financial participation 

and socio-demographic characteristics. The analysed groups are independent from each other and 

are not interrelated (Kühnel and Krebs 2012). The variables used for grouping have either nominal 

(e.g. financial participation) or ordinal (attitudes, dimensions) scale points. We use the chi2 test for 

group comparisons based on nominal variables. The effect size is calculated with Cramer’s V 

(StataCorp. 2015), where large effects are >0.5 and very small effects <0.1 (Hedges 2008). Regarding 
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attitudes or dimensions of the energy transition, we treat them as metric variables as they have at 

least five ordinal scale points (Urban and Mayerl 2018). We apply the non-parametric Mann-

Whitney U test. It tests whether the two groups or samples come from the same population 

regardless of distribution and equal variances (Nachar 2008).1 When comparing more than two 

groups, we apply the Kruskal-Wallis test, a generalisation of the Mann-Whitney U test. It tests 

whether the different samples come from the same population, i.e. the distribution of the variable 

is the same for all the groups, and under the alternative hypothesis at least two of the samples 

differ regarding the distribution of the variable of interest (Wollschläger 2020). To depict the effect 

size, we use Cohen’s d 2. This statistics indicates a small effect with a value of at least .10, of at least 

.30 a medium effect and of at least .50 a large effect (Cohen 1988). 

2.5.2 Cluster analysis  

To uncover groups in data and better understand large data sets, we conduct cluster analysis. It is 

applied in many disciplines, such as medicine, biology or economics. For example, in market 

research a cluster analysis groups a large group of consumers by their preferences for certain 

products (Everitt et al. 2011). Clustering is feasible with variables or cases, e.g. respondents (Bacher 

et al. 2022). Thus, we classify respondents into groups that reveal similar specified characteristics or 

patterns in their preferences for the listed design elements within each dimension of the energy 

transition. The scale of our data (characteristics) are ordinal data of a five-point Likert scale, which 

could be treated as continuous or categorical data. We use the design elements of each dimension 

as variables for clustering at the dimension level: distribution, independency, reliability, actions, 

measures, costs and investors. This means, with seven dimensions we conduct seven cluster 

analyses based on the respective design elements.  

There exists a large variety of clustering methods. First, we apply a hierarchical cluster analysis with 

dissimilarity measures. We use the single linkage agglomeration method, which is suited to identify 

outliers (Bacher et al. 2022). The number of outliers differs between dimensions (4 to 23 outliers). 

They are subsequently excluded. In the next analysis step, we apply the Ward’s method as it keeps 

the variance between the groups low and has proved to result in well suited clusters (Backhaus et 

al. 2016). The Ward’s linkage approach provides clusters depicted in a dendrogram. Further, we 

include stopping rules of Calinski and Harabasz (1974) for hierarchical and non-hierarchical cluster 

analysis, and of Duda (Duda et al. 2001), which is only for hierarchical cluster analysis. This is a kind 

of distinction analysis. It shows how heterogeneous the clusters are among themselves, and how 

homogeneous the respective cluster itself is. It is conducted for each cluster solution to analytically 

determine the appropriate number of clusters (see Everitt et al. (2011), Milligan and Cooper (1985)). 

Larger values indicate a more distinct clustering. In addition, we use the dendrogram option to 

visualise potential clusters. This is a common approach for hierarchical cluster analyses such as the 

Ward’s method to determine the number of clusters (Backhaus et al. 2016). Besides these technical 

aspects, we also account for the number of attribute levels that a socio-economic or demographic 

variable could take, e.g. levels of education, age group. 

The resulting number of clusters per dimension is then applied in the k-means cluster approach 

together with the stopping rule based on Calinskis and Harabasz (1974) to see how distinct the 

different numbers of clusters are to each other. The k-means is one of the most well-known 

partitioning clustering methods (García-Escudero et al. 2010), can be applied to metric or ordinal 

                                                   

1  In case of different variances, it only tests whether there is an equal probability that a randomly selected observation of one 

group is bigger or smaller than a randomly selected observation of the other group (Sachs & Hedderich, 2006, p. 392; 

Wollschläger, 2020, p. 465). 

2  Cohen’s d statistics: a value of at least .10 indicates a small effect, of at least .30 a medium effect and at least .50 a large effect. 
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data (Backhaus et al. 2016), is independent from the order of the data (Madhulatha 2012) and 

provides replicable results under a given initial seed set of cluster centres. For the purpose of 

replication, we select the initial seed value from more than 20 runs of k-means analyses with 

different initial values (ranging from two to eight digits) that reveals the highest Calinskis and 

Harabasz stopping rule for each dimension. To avoid a negative impact of single outlying data 

points in the k-means approach, outliers are excluded based on the single linkage method as in the 

wards cluster analysis.  

The results of the Ward’s and k-means cluster analyses are verified with multivariate test statistics3 

as outlined in the next section. Since the Ward’s and k-means cluster analysis rely on two different 

cluster algorithms, the resulting clusters with more than two clusters differ in their composition. 

Clusters of the Ward’s approach are hierarchical, i.e. two or more sub-clusters k can be added to a 

parent cluster at a higher hierarchical level. This means, the starting point is a cluster for each 

respondent. Then the clusters are grouped to a larger group based on smallest dissimilarity 

between groups until k = 1. Each respondent remains in the assigned group, which will be merged 

with another group afterwards with increasing hierarchy. For example, for k =3 two of the clusters 

under k = 4 are merged into one cluster, while the other two clusters remain unchanged. In contrast, 

the clusters of a k-means analysis cannot be merged as for each clustering level the group 

membership is recalculated. This recalculation is based on the lowest dissimilarity (Eukldian distance 

measure). This means, that respondents will be assigned to new groups for each k.  

In this study, we apply both clustering approaches. We obtain very similar results for k = 2 with 

both approaches. Since k-means is considered as a very robust approach, we employ the results of 

the k-means clustering for analyses of difference (Section 3.2) while we use the results of the Ward’s 

approach to depict the potentially feasible number of clusters by dendrograms illustrating the 

dissimilarity (Euclidian squared distance measure) at the horizontal line in Annex A.2.1. 

Since classification is not a scientific theory where the results might be “true” or “false”, but 

represent a step towards further analyses, the clusters should be judged largely on their usefulness 

for the specific research context (Everitt et al. 2011). Therefore, we employ two approaches for the 

selection of the number of k:  

 the analytical approach (see section 2.5.2) that suggests in our case two clusters for most of 

the dimensions, 

 the usefulness: the clustering approach serves the purpose to identify for each dimension 

different bundles of ratings for the respective design elements and describe them by their 

socio-demographic features. We call these different bundles of ratings preference patterns. 

For example, cluster A reveals low ratings of all four selected design elements, cluster B a high 

rating of all. In contrast, cluster C reveals high ratings for two design elements and a low one 

for the other two, while cluster D’s preference pattern is just the other way round. Ideally, the 

clusters can be described by the respective attribute levels of the socio-demographic features 

(if significance level is p < .1), e.g. respondents of cluster A living in flats in a rural area without 

financial participation and age 40 to 50 while cluster D reveals similar attribute levels, but the 

respondents are mainly of age > 60. Thus, is makes sense to link the number of clusters to the 

number of the categories (attribute levels) per design element. 

                                                   
3 The following assumptions are met: variable measures at a continuous level (5-level Likert scale); categorical variable for 

groups (e.g. clusters); independence of observation (different respondents in each group or cluster); no significant outliers 

(given by the data itself); approximately normally distributed dimension variables; homogeneity of variances. In case of two 

groups 
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2.5.3 Verification of the cluster solutions and comparison tests 

The cluster analysis is based on the design elements. The results are verified with multivariate 

statistics such as Wilk’s lambda and Lawley-Hoteling trace (StataCorp. 2015) for each dimension of 

the energy transition.4 In addition, the non-parametric Kruskal-Wallis test shows whether there is a 

difference between at least one of the clusters regarding the dependent clustering variables (i.e. 

the respective design elements per dimension). Moreover, to identify specific characteristics per 

cluster, we run pairwise comparison tests to reveal which groups differ from each other with respect 

to socio-demographic features and financial participation. As mean comparisons mostly assume 

normality and equal variance, we also run non-parametric tests for different combinations of cluster 

groups. The analysis is conducted in STATA. 

                                                   
4 The following assumptions are met: variable measures at a continuous level (5-level Likert scale); categorical variable for 

groups (e.g. cluster, sex, participation); independence of observation (different respondents in each group or cluster); no 

significant outliers (given by the data itself); approximately normally distributed dimension variables; homogeneity of 

variances.  
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3 Results 

3.1 Descriptive results 

In the following sections, we depict the descriptive results for attitudes, financial participation, 

design elements and dimensions. For illustrative purposes, the scales 'fully (dis)agree' and 'partly 

(dis)agree' are summarised to agree and disagree, respectively in all descriptive figures indicating 

shares of agreement or disagreement apart from the dimension “investors”. 

3.1.1 Attitudes towards the energy transition 

For the purpose of illustration, we employ a 3-scale classification of the replies in Figure 2, while 

the cluster analysis is conducted with five scales of (dis)agreements. The majority of the respondents 

agree to a strong RE deployment (renewables) and consider the ET as positive for society 

(positive_et), and disagree to a slow-down of RE deployment (slowing). The correlation of these 

three questions is above |0.5| (p < .05), while the answers to the question “I have no interest in the 

ET” correlates with the other three less strongly (correlation < |0.5| with a level of significance of 

p < .05). For the following analyses, we employ two of these attitudes, namely “renewables” and 

having “no interest”.  

Figure 2: Attitudes with respect to renewable energy (RE) deployment and the 

energy transition (ET) 

 
Note: since a few respondents indicated to have no opinion, the shares do not exactly sum up to 100%  

Source: own calculation 

 

The means of the variables are depicted in Table 2; the main differences between socio-

demographic groups are given in Table 3. 
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Table 2: Descriptive statistics of attitudes with respect to renewable energy (RE) 

deployment and the energy transition (ET) 

Statistics  Renewable 

deployment 

Slowing down Positive impacts 

on society 

No interest 

N 882 874 878 869 

Mean 2.300 3.808 2.417 3.472 

CV 0.488 0.322 0.467 0.329 

Min 1 1 1 1 

Max  5 5 5 5 

Source: own calculation; CV: Coefficient of variation (sd/mean) 

When testing for differences between different groups based on socio-demographic characteristics, 

we reversed the coding of the variable “no-interest” into “interest” to make it comparable to the 

variable “renewables”. We describe the findings in Table 3. It displays only those differences by 

socio-demographic features that are significant (at least at the level of p < 0.1). 

Table 3: Description of differences in agreement to RE deployment or interest in the 

ET by socio-demographic characteristics and financial participation 

 Strong RE deployment is needed 

(renewables) 

Having a high interest in the ET 

(interest) 

Age groups Age group 1 (18-30 years) displays the 

strongest agreement to RE 

deployment. Comparison of groups: 

 age group 1 (strongest 

agreement) to age group 2 (31-40 

years)**, Cohen’s d: 0.21 

 differences between other age 

groups are not significant at p< 

0.05 level 

Age group 1 displays the strongest 

interest, followed by age group 6 

(older than 70 years). Comparison of 

groups: 

 age group 1 (strongest interest) to 

age group 2 ***, Cohen’s d: 0.39 

 age group 6 to age group 3 (41-50 

years) and 4 (51-60 years) is 

significant at the level of at least 

p< 0.05 

 age group 1 to age group 6 is not 

significant, to all other groups 

(5,4,3,2) it is significant at the level 

of at least p< 0.05  

Differences between other age groups 

are not significant at 0.05 level 

Education 

level 

The higher the education level (edu), 

the stronger the agreement to RE 

deployment. Comparison of groups: 

 edu 1 (low level of education) to 

edu 2 (medium level of 

education)*, Cohen’s d: 0.15 

The higher the education level (edu), 

the stronger the interest. Comparison 

of groups: 

 edu 1 to edu 2 *, Cohen’s d: 0.17 

 edu 2 to edu 3 ***, Cohen’s d: 0.33 
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 Strong RE deployment is needed 

(renewables) 

Having a high interest in the ET 

(interest) 

 edu 2 to edu 3 (high level of 

education) ***, Cohen’s d: 0.33 

Type and 

ownership of 

housing 

(dwelling) 

No significant differences between 

house types or ownership 

Respondents living in a rented flat (3) 

display the lowest interest. 

Comparison of groups: 

 dwelling 2 (rented house) to 

dwelling 3 (rented flat)*, Cohen’s 

d: 0.28 

 all other groups display no 

significant difference at the 0.05 

level 

Residential 

location 

Agreement to RE deployment 

increases from rural (0) to urban (3) 

areas. Comparison of groups 

 location 0 to location 3 ***, 

Cohen’s d:  0.26 

 differences between other 

locations not significant at 0.05 

level 

No significant differences between 

rural and urban areas 

Employment 

status (job) 

Students (1) display the highest 

agreement to RE deployment: 

Comparison of groups: 

 job 1 to job 0 (employed) ***, 

Cohen’s d: 0.34 

Differences between other 

employment groups are not 

significant at 0.05 level 

Students (1) display the highest 

interest in the ET, unemployed (4) the 

least: Comparison of groups: 

 job 1 to job 0 ***, Cohen’s d: 0.39 

 job 4 to job 0 ***, Cohen’s d: 0.42 

Differences between other 

employment groups are also 

significant at 0.05 level 

financial 

participation  

 

Respondents who financially 

participate display a high agreement 

to RE deployment at the 0.001 level 

and a medium to large size effect: 

 re_invest: Cohen’s d: 0.48 

 re_electric: Cohen’s d: 0.42 

 re_consump: Cohen’s d: 0.35 

Respondents who financially 

participate display a high interest at 

the 0.001 level and a medium to large 

size effect: 

 re_invest: Cohen’s d: 0.43 

 re_electric: Cohen’s d: 0.47 

 re_consump: Cohen’s d: 0.30 

Source: own calculations. Note: significance levels * = p < 0.1, ** = p < 0.05,***= p < 0.01. 

3.1.2 Financial participation in the energy transition 

The shares and numbers of respondents who financially participate in the ET (see Section 2.1.1) are 

depicted in Table 4, while Figure 3 illustrates the different forms of financial participation in detail. 

Overall, we find that about one quarter of the sample financially participates in one or the other 
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form, but investments in small PV-roof tops dominate. When looking at the characteristics of 

respondents that invest we get the following results: 

Investments in electricity generation (RE_electric) is correlated positively to residential location 

(p < 0.1), ownership and type of dwelling, level of education, employment and age (all with 

p < 0.01). Respondents in rural areas, as well as those who live in owned houses, tend to have a 

participation share above average. Moreover, respondents with a high education level and 

employment or of lower age (age group 1 or 2) also display a participation share above the average. 

This also applies for “RE_invest”. Regarding “RE_consump” (definition see Section 2.3.1 or see note 

in Figure 3) we find that the younger age groups (age group 1 and 2) as well as respondents with 

a job, or students display an above average share of participation. 

Figure 3: Forms of financial participation in detail in the sample 

 
Source: own calculation´, Note: RE electric comprises rooftop solar, financial RE investment and membership; RE consump 

comprises electric vehicles and RE heating; RE invest comprises RE electric and RE consump.  

Table 4: Frequency of financial participation by types 

 RE_invest RE_electric RE_consump 

Number of participants 232 189 111 

Number of non-participants 655 698 776 

Shares of participants in % 

Shares of non-participants in % 

26.2 

73.8 

21.3 

78.7 

12.5 

87.5 

Source: own calculation 

The motivations for financially participating in the energy transition are manifold, but dominating 

motives are contributing to the ET and becoming more independent or autonomous with respect 

to energy supply and financial aspects (see Figure 4). This question was only addressed to 

respondents who financially participate.  
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Key barriers to invest in the ET are from the perspective of respondents not financially participating 

the high costs, followed by a lack of opportunities, or interest or a perceived lack of financial 

benefits (see Figure 5). 

Figure 4: Reasons to invest in the energy transition 

 
Source: own calculation 

Figure 5: Reasons to not invest in the energy transition 

 
Note: due to data problems with the answer category “partly agree”, only the category “fully agree” is depicted here 

Source: own calculation 

Testing for group differences reveals that respondents of age group 1 and 2, or with education 

level 3, or living in rural areas or couples with at least one child invest significantly more often in 

the energy transition than the other respective groups (p < .01 for all socio-demographic features). 

The effect sizes are, however, small. Regarding type of house and ownership, we find that especially 

owners of houses financially participate more often. This effect is of medium size and significant at 

the p < .01 level as well. 
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3.1.3 Perceived dimensions characterised by design elements of the 

energy transition 

3.1.3.1 Dimension 1: Distribution of costs 

The respondents reveal the strongest support for the option that reduces the burden for energy 

poors through support payments of the state. A simple discharge of energy poors from the costs 

through higher burdens of the remaining citizens is not supported. Reduced costs for energy 

intensive industries at the expense of the citizens are refused as well. The second favourite option 

is that everyone pays according to its energy consumption. The (dis)agreement is depicted in Figure 

6, and Table 5 provides a brief statistical description. Significant differences between social-

demographic features (groups) are outlined in Table 6.  

Figure 6: Preferences for distribution of costs 

 

Source: own calculation 

Table 5:  Descriptive statistics of the dimension distribution 

Statistics  Based on 

consumption 

independent of 

social status 

Social by state 

support 

Social by 

consumers’ 

support 

Industry 

exemption 

N 883 884 884 883 

Mean 2.525 2.373 3.233 3.733 

CV 0.468 0.507 0.403 0.313 

Min 1 1 1 1 

Max  5 5 5 5 

Source: own calculation; CV: Coefficient of variation (sd/mean) 
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Table 6: Distribution of significant differences between groups by socio-

demographic features and financial participation 

Differences in 

agreements 

Based on 

consumption 

Social by state 

support 

Social by 

consumers’ 

support 

Industry 

exemption 

age  Age group 5 agrees 

more than age group 

1,2,3 (***,Cohen’s d 

0.39) 

  

dwelling  House owners agree 

less than apartment 

tenants (***,Cohen’s d 

0.26) 

  

household Couples agree more 

than singles (** , 

Cohen’s d 0.18) or 

couples with child(ren) 

(**, Cohen’s d 0.19) or 

singles with child(ren) 

(***,Cohen’s d 0.62) 

Singles agree more 

than couples & 

persons with 

child(ren) (*** , 

Cohen’s d 0.18) 

  

employment  Employees agree less 

than all other groups 

(*,Cohen’s d 0.29) 

  

sex Males agree more 

than females 

(***Cohen’s d 0.20) 

 Males agree 

more than 

females *** 

Cohen’s d 

0.19 

Males agree 

more than 

females *** 

Cohen’s d 

0.23 

Financial 

participation  

   RE invest*: 

Cohen’s d 

0.09 

 

Source: own calculation; Notes: the effect size is Cohen’s d; * α < = 0.1, ** α <= 0.05, *** α <= 0.01;  

Social support by burden sharing of all:  males agree more than females *** 0.19 

3.1.3.2 Dimension 2: Independency from imports 

Regarding the independent energy supply from other countries, the majority prefers not to depend 

on imports from abroad (outside the EU) and supports prosumption and a strong European network 

to balance bottlenecks. Compared to the other options, the option of low energy imports from the 

EU elicits least agreement, which means that the respondents consider the internal energy EU 

market as a potential pillar for an independent energy supply. However, even this option is still 

agreed to by more than half of the respondents (Figure 7). Table 7 outlines the number of 

respondents and the mean values. The results of the group comparisons are depicted in Table 8.  
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Figure 7: Preferences for options entailing independency from imports 

 
Source: own calculation 

 

Table 7: Descriptive statistics of the dimension independency 

Statistics  Low global 

imports 

Low EU imports Generation & 

storage by 

households 

Networks  

N 884 883 884 883 

Mean 1.938 2.1558 1.946 1.961 

CV 0.5408 0.4838 0.506 0.482 

Min 1 1 1 1 

Max  5 5 5 5 

Source: own calculation; CV: Coefficient of variation (sd/mean) 
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Differences in 

agreements 

low global 

imports 

low EU imports generation & 

storage by 

households 

networks 

dwelling    House owners agree 

more than 

apartment tenants*, 

Cohen’s d 0.13 

education  Edu level 2 agrees 

more than edu level 

1 (**,Cohen’s d 0.21) 

or 3 (***,Cohen’s d 

0.23) 

Edu level 1 agrees 

less than edu level 

2 (**,Cohen’s d 

0.28) or 3 

(***,Cohen’s d 0.41) 

Edu level 1 agrees 

less than edu level 2 

(**,Cohen’s d 0.21) 

or 3 (***,Cohen’s d 

0.35) 

employment  Employees agree 

less than pensioners 

or unemployed 

(**,Cohen’s d 0.15) 

 Employees agree 

less than pensioners 

(***,Cohen’s d 0.22) 

sex  Males agree more 

than females 

(***,Cohen’s d 0.17) 

 Males agree more 

than females 

(***,Cohen’s d 0.11) 

financial 

participation  

RE invest: 

(***,Cohen’

s d 0,21) 

 RE invest: 

(***,Cohen’s d 0.42) 

 

Source: own calculation, Notes: the effect size is Cohen’s d; * α < = 0.1, ** α <= 0.05, *** α <= 0.01;  

 

3.1.3.3 Dimension 3: Reliability of energy supply 

With respect to a reliable and secure energy supply, the majority considers stable prices as the most 

important option, followed by expensive back-up capacities. In contrast, relying on self-generated 

heat seems to be the least preferred option (Table 9 and Figure 8). 
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Figure 8: Preferences for options contributing to a reliable and secure energy supply 

 
Source: own calculation 

Table 9: Descriptive statistics of the dimension reliability 

Statistics Backups Storages  District 

heating 

Self-supply 

electricity 

Self-supply 

heat 

Low price 

volatility 

N 885 881 882 881 884 881 

Mean 2.134 2.395 2.269 2.261 2.818 1.930 

CV 0.459 0.4288 0.416 0.460 0.398 0.490 

Min 1 1 1 1 1 1 

Max  5 5 5 5 5 5 

Source: own calculation; CV: coefficient of variation (sd/mean) 

In Table 10, the results of differences by groups are shown for the design options “storages” and 

“backups” as well as “self-supply of electricity” and “self-supply of heat” in one column, respectively. 

Table 10: Reliability: significant differences between groups by socio-demographic 

features and financial participation 

Differences 

in 

agreements 

Storages or 

backups 

District heating 

(dhc) 

Self-supply 

electricity or heat 

Low price volatility 

age  Older age groups 

display a higher 

agreement (e.g. 

age group 2 to 

5***, Cohen’s d 0.4)  

 Older age groups 

display a higher 

agreement (e.g. age 

group 2 to 5***, 

Cohen’s d 0.69) 

dwelling Storage: house 

owners agree 

more than 

 Heat: house owners 

agree more than 
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Differences 

in 

agreements 

Storages or 

backups 

District heating 

(dhc) 

Self-supply 

electricity or heat 

Low price volatility 

tenants (of 

flats)***, 

Cohen’s d 0.27 

tenants (of flats)***, 

Cohen’s d 0.25  

education   Electricity: edu level 

3 agrees more than 

edu level 2 ***, 

Cohen’s d 0.2 or 1*** 

Cohen’s d 0.31  

Edu level 2 agrees 

more than edu level 

1***, Cohen’s d 0.29 

or 3***, Cohen’s d 

0.25 

household 

size 

 Singles display 

highest 

agreement** 

(Cohen’s d 0.23 

between singles 

and couples with 

child) 

Heat: couples with 

child(ren) display 

highest 

agreement**, e.g. 

compared to singles 

Cohen’s d 0.25 

Singles display the 

highest 

agreement**, e.g. 

compared to 

couples with 

children Cohen’s d 

0.23 

employ-

ment 

 Employed display 

lower agreement 

than unemployed 

or pensioners **, 

Cohen’s d 0.17 

 Employed display 

lower agreement 

than unemployed or 

pensioners ***, 

Cohen’s d 0.36 

sex Storage: males 

agree more 

***, 0.18   

Backups: 

males agree 

more **, 0.17 

 Electricity: males 

agree more*** 0.16 

 

financial 

partici-

pation  

Storage: RE 

invest agree 

more **, 

Cohen’s d 0.19 

 Electricity and Heat: 

RE invest agree more 

***, Cohen’s d 0.47 

(elect),*** Cohen’s d 

0,28 (heat) 

RE invest agree less 

**, Cohen’s d 0.15 

Source: own calculation; Notes: the effect size is Cohen’s d; * α < = 0.1, ** α <= 0.05, *** α <= 0.01;  

self-supply heat: there is a decreasing agreement with increasing urban environment (heat) ***, effects are very small.; 

3.1.3.4 Dimension 4: Actions to achieve the targets of the energy 

transition 

When asking which activities or actions the German government should take to advance the ET, 

investments in energy efficiency received the most support, followed by renewable energy (RE) 

deployment. The sufficiency option, in contrast, elicits the least support. Statistical descriptions and 

shares by agreement are given in Table 11 and Figure 9. 
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Figure 9: Preferences for activities transforming the energy system 

 
Source: own calculation 

 

Table 11: Descriptive statistics of the dimension action 

Statistics RE deployment Efficiency Flexibility Sufficiency 

N 886 887 887 886 

Mean 2.039 1.827 2.371 2.530 

CV 0.481 0.484 0.459 0.464 

Min  1 1 1 1 

Max  5 5 5 5 

Source: own calculation; CV: Coefficient of variation (sd/mean) 

 

Table 12: Action: significant differences between groups by socio-demographic 

features and financial participation 

Differences 

in 

agreements 

RE 

deployment 

Efficiency Flexibility Sufficiency 

age   Age group 5 show 

higher agreement * 

than age group 3 

and 2, 0.18-0.20 

Age groups 5 and 6 

show higher 

agreement** than 1 

and 2,  Cohen’s d 

0.22-0.24 

dwelling or 

location 

Individuals 

living in rural 

location display 

Rural location 

less stronger 

agreement * or 

Significant 

differences between 

dwellings-groups**, 

 

70% 78%

50% 57%

24%
19%

30%
29%

6% 3%
20% 15%

0%

20%

40%

60%

80%

100%

RE deployment investment in energy

efficiency

sufficiency flexibility in consumption

Which options should be pursued to achieve the ET in Germany?

(share of total survey participants)

agree neither nor disagree
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Differences 

in 

agreements 

RE 

deployment 

Efficiency Flexibility Sufficiency 

less agreement 

* or ***, size 

effects between 

Cohen’s d 0.13-

0.27 

**, size effects 

between Cohen’s 

d 0.09-0.24 

but between the 

main groups of 

house owners and 

apartment tenants 

the difference is not 

significant 

education With increasing 

edu level  

stronger 

agreement * or 

**, Cohen’s d 

0.15 

   

financial 

participation  

RE invest 

agree***, 

Cohen’s d 0.29 

 RE invest agree***, 

Cohen’s d 0.19 

 

Source: own calculation. Note: the effect size is Cohen’s d; * α < = 0.1, ** α <= 0.05, *** α <= 0.01;  

 

3.1.3.5 Dimension 5: Policy measures to support the energy transition 

As regards policies, a clear preference is on informing and setting standards while prohibitions and 

higher prices are strongly refused (see Figure 10 and Table 13). 

Figure 10: Preferences for policy measures supporting the energy transition 

 
Source: own calculation 
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55%

21%

31%

30%

31%

25%

16%
47%

14%

54%

0%

20%

40%
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80%

100%

regulations prohibitions information higher energy prices

(costs)

Which measures should the state put in force to achieve the ET in 

Germany?

(share of total survey participants)

agree neither nor disagree
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Table 13: Descriptive statistics of the dimension measures 

Statistics  Regulations  Prohibitions Information  Costs 

N 881 882 882 880 

Mean 2.481 3.402 2.417 3.543 

CV 0.467 0.367 0.446 0.360 

Min  1 1 1 1 

Max  5 5 5 5 

Source: own calculation; CV: Coefficient of variation (sd/mean) 

Table 14: Measures: significant differences between groups by socio-demographic 

features and financial participation 

Differences in 

agreements 

Regulations Prohibitions Information Higher prices 

(costs) 

age Differences in 

agreement 

between age 

groups*** but no 

tendency across 

age groups  

Age group 1 and 2 

display less 

disagreement than 

age groups 4 and 

5**, Cohen’s d 

0.20-0.40 

 Younger age 

groups disagree 

less, e.g. age 

group 1 and 2 

disagree less than 

age group 4**, 

5***, Cohen’s d 

0.26 – 0.55,  

location Urban location (2, 

3) agree more 

than rural (0, 1)***, 

Cohen’s d 0.29-

0.35 

Urban location (2, 

3) disagree less 

than rural (0, 1) **, 

Cohen’s d 0.28-

0.46 

 Urban location (2, 

3) disagree less 

than rural (0, 1) **, 

Cohen’s d 0.22-

0.39 

education Edu level 3 agree 

more than edu 

level 2**, Cohen’s 

d 0.17 

Edu level 3 

disagree less than 

edu level 2***, 

Cohen’s d 0.29 

Edu level 3 agree 

more than edu 

level 2 or 1 ***,  

Cohen’s d 0.24-

0.47 

Edu level 3 

disagree less than 

edu level 2 and 

1***, Cohen’s d 

0.31-0.46 

employment    Employed 

disagree less than 

unemployed and 

pensioners**, 

Cohen’s d 0.16 

sex     

financial 

participation  

RE invest agree 

***, Cohen’s d 0.28 

RE invest disagree 

less***, Cohen’s d 

0.28 

RE invest agree 

***, Cohen’s d 0.31 

RE invest disagree 

less***, Cohen’s d 

0.37 

Source: own calculation. Note: the effect size is Cohen’s d; * α < = 0.1, ** α <= 0.05, *** α <= 0.01  
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3.1.3.6 Dimension 6: Investors as actors of the energy transition 

This dimension investigates from citizens’ perspective, which type of investors should (mainly) 

invest in the energy transition. The answer categories of this dimension differ from the others and 

are ordinal variables. The respondents display a weak preference for national firms and utilities, and 

local municipalities as investors (for both investor types, 81% replied “mainly these” or “these and 

others”) while international utilities received only 70% agreement and a higher rejection rate. In 

contrast, investors that enable a financial participation of citizens, for example cooperatives or own 

rooftop installations, are less supported and more rejected than national utilities and local 

municipalities.  

Moreover, we apply Chi2-Tests to see whether the replies to the design elements differ between 

identified groups. We find that  

 preferences for the investor types citizens, international firms, and cooperatives are related to 

financial participation (RE_electric) at a significance level of p < .001, and investment fonds 

at p < .05. The statistical tests suggest that respondents who financially participate tend to 

prefer more strongly citizens, cooperatives, and less strongly international firms as investors. 

In contrast, respondents who do not financially participate in the energy transition show the 

highest indifference level for investment fonds.  

 differences (Chi2 significance level of at least p < 0.05) between socio-demographic 

characteristics give evidence that 

 house owners tend to dislike internationals as investors, and like municipalities while 

respondents living in a flat are indifferent towards municipalities as investors. 

 respondents in urban areas tend to prefer a fond more than those in rural areas. 

 male respondents reveal a stronger dislike of international firms as investors than females, 

while females tend to have less preference for citizens as investors. In contrast, men tend 

to prefer municipalities as investors. 

 Preferences for municipalities and municipal utilities differ by age groups, but there is no 

clear pattern or tendency of preference, apart from the fact that the two oldest age 

groups show a preference for these two investor types. 
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Figure 11: Preferences for certain types of investors  

Source: own calculation 

Table 15:  Descriptive statistics of the dimension investor 

Statistics  Citizens  Commu-

nities as 

share-

holders 

National 

firms and 

utilities 

Inter-

national 

utilities 

Munici-

pal 

utilities 

Fond Coopera-

tives  

N 883 887 884 882 882 882 882 

Min 1 1 1 1 1 1 1 

Max 5 5 5 5 5 5 5 

Source: own calculation; CV: Coefficient of variation (sd/mean) 

3.1.3.7 Dimension 7: Low costs versus other aspects of the energy 

transition 

A clear majority of the respondents wishes an energy transition at least cost (cheap). However, a 

certain trade-off between costs (cheap) and price volatility (cheap-volatile) impacts on the 

landscape (cheap-landscape), dynamics of the energy transition (cheap-dynamics) and energy 

supply security (cheap-secure) is accepted. The trade-off between costs and financial participation 

of citizen (cheap-participation) is the least supported option (48% agreement), but the rejection of 

the trade-off between costs and supply security is larger (18% rejection), (survey before the energy 

crisis). The results are depicted in Table 16, Table 17 and Figure 12. 
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Figure 12: Preferences for trade-off between costs of the energy transition and other 

aspects 

 
Source: own calculation 

Table 16: Descriptive statistics of the dimension costs and trade-offs 

Statistics  Cheap  Cheap - 

secure 

Cheap - 

volatile 

Cheap - 

landscape 

Cheap - 

participation 

Cheap - 

dynamics 

N 879 883 876 883 883 882 

Mean 1.821 2.542 2.172 2.185 2.532 2.360 

CV 0.524 0.435 0.456 0.461 0.435 0.454 

Min 1 1 1 1 1 1 

Max 5 5 5 5 5 5 

Source: own calculation; CV: coefficient of variation (sd/mean) 

The trade-off between cheap and dynamics of the energy transition is not displayed in Table 17; it 

only differs with respect to the age group (p < 0.05): middle-aged groups agree the least. 

Table 17: Costs: significant differences between groups by socio-demographic 

features and financial participation 

Differences 

in 

agreements 

Cheap – at 

lowest cost 

Cheap - 

secure 

Cheap - 

volatile 

Cheap -

landscape 

Cheap-

participation 

age Age group 5 

agrees more 

than age group 

Difference in 

agreement*** 

but no clear 

Age group 5 

agrees more 

than age 

group 1***, 

Age group 5 

agrees more 

than age 

groups 1, 2, 

 

76%

52%
66% 64%

48% 55%

19%

31%

24% 28%

36%
33%

5%
18%

10% 8% 15% 12%

0%

20%

40%

60%

80%

100%

at lowest cost as

possible

 ... supply

security is

ensured

... energy prices

are not volatile

... no negative

impacts on the

landscape

... citizen can

participate

... energy

transition

remains dynamic

At what costs should the government advance the ET in Germany? At lowest 

costs or a bit more, if ...  

(share of total survey participants) 

agree neither nor disagree
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Differences 

in 

agreements 

Cheap – at 

lowest cost 

Cheap - 

secure 

Cheap - 

volatile 

Cheap -

landscape 

Cheap-

participation 

1***, Cohen’s d 

0. 64 

pattern across 

age groups 

Cohen’s d 0. 

28 

3, 4 **, 

Cohen’s d 

0,23-0.36 

sex     males agree 

more**, 

Cohen’s d 

0.12; 

location Differences 

between 

locations*** 

but no clear 

pattern 

Urban 

locations (2, 

3)** display a 

stronger 

agreement, 

Cohen’s d 

0.20-0.28 

   

education Edu level 2 

agree most ***, 

Cohen’s d 0.21-

0.34 

Edu level 3 

agree most 

***, Cohen’s d 

0.36-0.41 

   

employment Employed 

agree less than 

unemployed or 

pensioners ***, 

Cohen’s d 0,25 

 Employed 

agree less than 

unemployed 

or pensioners 

***, Cohen’s d 

0,18 

Employed 

agree less 

than 

unemployed 

or pensioners 

***, Cohen’s 

d 0,25 

 

Financial 

participation  

RE invest agree 

less ***, 

Cohen’s d 0.31 

RE invest 

agree***, 

Cohen’s d 

0,26 

  RE invest 

agree ***, 

Cohen’s d 

0.35 

Source: own calculation; 

Notes: the effect size is Cohen’s d; * α < = 0.1, ** α <= 0.05, *** α <= 0.01;  

cheap: with increasing age group, increasing agreement, but low significance between adjacent age groups, high between 1 and 

5; Households: significant differences between groups for cheap vs cheap-volatile, -dynamics, -secure and -participation, but no 

clear pattern.  

3.1.4 Relevance of dimensions and financial participation 

In addition to preferences for selected design elements, we investigate whether respondents reveal 

different average rating levels per dimension. We calculate the individual means of agreement per 

respondent across the design elements within each dimension. Then we calculate the means per 

dimension based on the individual means. Since the dimensions are shaped and defined by our 

selection of design elements, we check for sensitivity of the means. Hence, we exclude in two steps 

a few design elements that have received very bad ratings. As a result, we receive the mean rating 

per dimension based on the individual means with all design elements and a reduced set of design 
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elements, i.e. a set without the rather negatively rated design elements. In addition, we test whether 

the means of the ratings per dimension differ by financial participation. 

Figure 13 illustrates these different means per dimensions with a full and reduced set of design 

elements. The dashed line represents the level below which respondents display an agreement 

(threshold “agree”). We find that independency is the best-rated dimension, followed by actions. If 

actions do not include the design elements flexibility and sufficiency, then it becomes the best-

rated dimension. In contrast, distribution issues and policy measures obtain the least agreement 

(near to indifference). Even without the negatively connoted design elements, their rating remains 

below that of the other dimensions.  

Figure 13: Average ratings per dimension at a scale from 1 to 5 (fully agree- fully 

disagree) 

 

Source: own calculation; Note: scale from 1 = fully agree to 5 = fully disagree 

Testing for differences between financially participating and non-participating respondents gives 

evidence that the rating significantly differs by financial participation (p <= 0.05, p <= 0.1 for cheap 

costs with re electric and p <= 0.01, p <= 0.5 for cheap costs with re-invest). Those that financially 

participate in the energy transition reveal a stronger agreement to and rating of the dimensions. 

This means, they tend to accept more the suggested design elements, including even less 

favourable policies or measures (see Figure 14). However, it is to note that these results only apply 

to this selected bundle of design elements and might differ in case other design elements are 

included. 
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Figure 14: Average ratings per dimension at a scale from 1 to 5 (fully agree- fully 

disagree), by financial participation 

 

 

Source: own calculation. Note:  * α < = 0.1, ** α <= 0.05, *** α <= 0.01; Note: scale from 1 = fully agree to 5 = fully disagree 

3.2 Preference patterns 

As outlined in Section 2.5.2, we apply two clustering approaches to identify groups with different 

preference patterns for the design elements of each dimension of the energy transition.  

The analyses reveal that for each dimension the highest dissimilarity is mostly between two distinct 

groups. Accepting a lower level of dissimilarity, the analysis also displays five to six rather distinct 

clusters in each dimension for both cluster approaches. This allows comparing and aligning the 

number of clusters to the number of categories (attribute levels) of socio-demographic variables 

such as education, financial participation, etc.  

In the following, we present the mean value of the design elements of each dimension and cluster. 

These mean values illustrate different preferences of each cluster with respect to the individual 

design elements of each dimensions, i.e. we get a preference pattern of each cluster and k value 

per dimension.  

As outlined in Section 2.5.2, the results of the k-means and Ward’s approach slightly differ due to 

the different clustering mechanism, but for k = 2 the results are very similar. Even for k = 5 the 

clusters display very similar characteristics with respect to their means of agreement to the design 

elements. In this Section 3.2, we depict the results of the k-means clustering approach for k = 2, 

unless the analytical approach suggests a different k, while dendrograms of the Ward’s approach 

are shown in Annex A.2.2. Moreover, to elicit further research ideas with respect to potential 

preference patterns, we depict the results for k = 5 clusters of the Ward’s and k-means’ approach 

in Annex A.2.3. 

For the k-means analysis with k = 2, the parametric and non-parametric tests on differences 

between the clusters with respect to the design elements per dimension are all highly significant 

(p < 0.01) across all dimensions, clustering approaches, and number of clusters. In addition, the 

means of the attitudes per cluster correlate with the means of the respective design elements across 

all dimensions. The means of the attitudes per cluster are depicted for RE deployment (renewables) 

as dark green circle, and the means of each design element per dimension are illustrated as bars in 

the following figures. 
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Figure 15: Preference patterns for k = 2 clusters of the dimension action 

 
Source: own calculation. Note: bars and circle represent means for each design element and cluster; the scale is ranging from 1 = 

fully agree to 5 = fully disagree 

Individuals in cluster 2 of the dimension action agree more strongly than those in cluster 1 to all 

items within the dimension action (Figure 15). Cluster 2 includes significantly more respondents 

who financially participate (p <= 0.05), are owners of houses or apartments (p < .1), belong to the 

older age groups 4, 5 and 6 (p <= 0.01), and tend to have a higher education of level 2 or 3 (p < .1). 

The respondents of cluster 2 reveal a positive attitude towards the energy transition (p <= 0.01).  

Figure 16: Preference patterns for k = 2 clusters of the dimension measure 

 
Source: own calculation. Note: bars and circle represent means for each design element and cluster; the scale is ranging from 1 = 

fully agree to 5 = fully disagree 

Individuals in cluster 2 of the dimension measure agree more strongly to all items within this 

dimension than those in cluster 1 (Figure 16). Cluster 2 includes significantly more respondents who 

financially participate (p <= 0.01), are likely to live in urban areas (p < .01), belong to the younger 

age groups 1 and 2 (p < .01), and tend to have a higher education at level 3 (p < .01). The 

respondents of cluster 2 reveal a positive attitude towards the energy transition (p < .01). 
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Figure 17: Preference patterns for k = 2 clusters of the dimension cheap costs 

(tradeoffs) 

 
Source: own calculation. Note: bars and circle represent means for each design element and cluster; the scale is ranging from 1 = 

fully agree to 5 = fully disagree 

Individuals in cluster 2 tend to accept more a trade-off between costs and other aspects of the 

energy transition such secure energy supply, stable energy prices, low impact on landscape, 

participation of citizens and dynamic transition than those in cluster 1 - with the exception of the 

item cheap to which respondents in both clusters strongly agree (Figure 17). Cluster 2 includes 

significantly more respondents who financially participate (p < .1) and belong either to the age 

group 1 or 5 and 6 (p < .01). 

Figure 18: Preference patterns for k = 2 clusters of the dimension distribution 

 
Source: own calculation. Note: bars and circle represent means for each design element and cluster; the scale is ranging from 1 = 

fully agree to 5 = fully disagree 

Individuals in cluster 1 rate all items of the dimension distribution of costs more positively than 

persons in cluster 2 (Figure 18). One exception is the item distribution of costs on the basis of 

energy consumption, which is rated similarly positively in both clusters. These two clusters of 

distribution aspects display no significant differences between groups formed on the basis of socio-

demographic characteristics or financial participation. 
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Figure 19: Preference patterns for k = 3 clusters of the dimension investors 

 
Source: own calculation. Note: bars and circle represent means for each design element and cluster; the scale is ranging from 1 = 

fully agree to 5 = fully disagree 

Cluster 3 includes respondents who have no explicit preferences for any type of investors, while 

Cluster 2 includes respondents who agree to all types of presented investors (Figure 19). In contrast, 

in cluster 1, the preference is strong for utilities and low for the all other options in which citizens 

could be involved. In cluster 2 and 3, more respondents financially participate (p < .01). Cluster 2 

includes more males, cluster 3 more females (p < .01).   

Figure 20: Preference patterns for k = 2 clusters of the dimension dependency 

 
Source: own calculation. Note: bars and circle represent means for each design element and cluster; the scale is ranging from 1 = 

fully agree to 5 = fully disagree 

Individuals in cluster 1 rate all items of the dimension dependency more positively than persons in 

cluster 2 (Figure 20). Cluster 1 of the dimension dependency includes more respondents who 

financially participate (p < .01) and belong to the older age groups 5 and 6 (p < .05).  

0

1

2

3

4

5

0

1

2

3

4

5

cluster 1 cluster 2 cluster 3

preference pattern by three clusters

national utilties municipal utilities international firms energy cooperatives

investment fonds citizens, prosumers municipalities RE deployment

0

1

2

3

4

5

0

1

2

3

4

5

cluster 1 cluster 2

preference pattern by two clusters

low EU imports low global imports generation and storage networks RE deployment



Energy transition: financial participation and preferred design elements of German citizens  

Fraunhofer ISI  |  40 

Figure 21: Preference patterns for k = 2 clusters of the dimension reliability 

 
Source: own calculation. Note: bars and circle represent means for each design element and cluster; the scale is ranging from 1 = 

fully agree to 5 = fully disagree 

Individuals in cluster 1 rate all items of the dimension reliability more positively than persons in 

cluster 2 (Figure 21). Cluster 1 of the dimension reliability includes more financially participating 

respondents (p < .05), that live in rural areas (p < .01) and belong to the age groups 5 and 6 (p <.1). 
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4 Discussion and Conclusion  

The analysis shows that there is a strong agreement to the energy transition in terms of renewable 

energy deployment and its high dynamics. However, a high share of respondents (around one third) 

reveals an indifference with respect to the energy transition. This relatively high share of indifference 

is also reflected in the comparatively low level of disagreement (50%) to the statement of “no 

interest”.  

Further, we find that younger people and citizens with a high education display a stronger interest 

in and support for the energy transition, but the effect size is small to medium. We also find that 

citizens living in rented apartments reveal the lowest interest in the energy transition. We assume 

that this is grounded in the fact that they have no possibility to decide on sustainable heating and 

electricity generation with PV rooftop plants. Respondents living in urban areas also tend to agree 

more to the energy transition, but the effect is small. 

Regarding financial participation, about 16% of the respondents have a small solar roof-top or 

balcony generation unit, while 13% use renewables in heating. About 8% hold either a membership 

or financial investment in a large project with renewable energies. The analysis points out that 

especially respondents owning a house financially participate more often than non-house-owners. 

Likewise, young or well-educated respondents or couples with at least one child also tend to 

participate more often. Regarding the attitude towards the energy transition, the analysis shows 

that the agreement to the energy transition is significantly stronger and of medium or large size 

among respondents who financially participate in the energy transition. 

Main reasons for participation is the desire to contribute to the energy transition and become more 

autonomous through self-generation and financial aspects. In contrast, key barriers for those 

respondents who do not financially participate are the high expenditures for investments, which 

they cannot finance via debt or equity. Furthermore, lack of knowledge about opportunities to 

participate may also play a role. 

Regarding the agreements and support of the different design elements per dimension, we can 

show that respondents who are financially participating show a higher agreement to some design 

elements and dimensions. Overall, we find that energy justice is important for many respondents 

as long as they do not have to pay for the subsidies of energy poors or disadvantaged consumers. 

When it comes to the dimension investors, respondents who financially participate tend to prefer 

more strongly citizens and cooperatives and less strongly international firms, while non-participants 

display an indifference for investment funds. How to distribute the financial burdens of the energy 

transition between energy consumers is unrelated to financial participation or non-participation, 

except for industry exemptions, which are slightly and to a small extent supported by individuals 

financially participating. Regarding import dependency, financially participating respondents 

strongly consider the reduction of global energy imports and the increase of self-generation and 

storage as an important contribution to independency. The latter effect is medium to large. The 

analysis for reliability displays similar results, storages and self-supply are supported (small to 

medium effect) while the need for low price volatility is less important for financially participating 

respondents. In addition, the agreement to flexibility and RE deployment as important measures of 

the energy transition is higher for those financially participating (small to medium size effect). The 

disagreement with prohibitions and higher costs is lower and the agreement to regulation and 

information is higher, in the case of financial participation (medium size effect). Regarding costs, 

we learn that financially participating respondents agree a bit less to achieving the energy transition 

at least cost, and are willing to pay a bit more for a secure energy supply (medium size effect). 
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The clustering reveals for all dimensions that a strong agreement with any design element of the 

dimension correlates with a similar positive attitude towards the energy transition. Our findings of 

the cluster analysis with two clusters suggest two patterns of preferences: “support” versus “low 

support”. The preference pattern support can be characterised by a very positive attitude towards 

the energy transition, and by financial participation for all dimensions apart from the dimension 

distribution of costs. Regarding reliability, independency, low costs and actions to implement the 

energy transition, we find that the supportive group includes significantly older respondents (mainly 

age group 5 to 6). Other socio-demographic features of the preference pattern “support” vary 

across the dimensions. However, since the number of attribute levels of these factors is larger than 

two (the number of clusters), an analysis with more differentiated preference patterns is suggested.  

This study shows once again that financial participation can increase the acceptance of the energy 

transition and the acceptance of key design elements of the energy transition. It gives evidence 

that the support and acceptance for various design elements of the energy transition can also be 

linked to different socio-demographic factors that are not related to financial participation. For 

example, with k = 2 clusters we find that respondents of the old age group as well as respondents 

with financial participation rather support selected design elements, while with respect to financial 

participation the younger age group tends to financially participate more often in the energy 

transition. This shows that the identification of preference patterns for selected design elements 

and its relation to socio-demographic factors needs more research. 

Albeit these significant differences and links between preferences and socio-demographic factors, 

causality could not be investigated in this study. Longitudinal studies would have to be carried out 

to answer this question. Methodologically, it can also be stated that the level of the questions is 

relatively challenging and requires a certain understanding of the complexity and familiarity with 

topics of the energy transition. This means that people who hardly deal with energy issues in 

everyday life might have had difficulties answering some of the questions. In a future study on this 

topic, more specific information on selected important topics could therefore be provided at the 

beginning of the survey. For the part of the respondents who already participate financially in the 

energy transition, it can be assumed that they also have a higher level of knowledge on the topic 

of the energy transition and its dimensions. 
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A.1 Survey 

A.1.1 Quota 

Variables Characteristics Share 

Age 18-30 18% 

31-40 18% 

41-50 17% 

51-60 21% 

61-70 17% 

71-80 9% 

Gender male 50% 

female 51% 

other 0% 

education lower  21% 

medium 45% 

upper  35% 

persons 1 person 3% 

2 persons 13% 

3 persons 8% 

more than 4 persons 6% 

dwelling own house 24% 

own flat 9% 

rented house 6% 

rented flat 60% 

others 1% 

household size single person household 33% 

with partner 37% 

with partner and children 21% 

alone with children 4% 

others 0% 

flat-sharing community 6% 

location of dwelling rural municipality (<= 5 000 inhabitants) 19% 

small town (> 5 000 - 20 000 inhabitants) 21% 

medium town (> 20 000 - 100 000 inhabitants) 27% 

city (> 100 000 inhabitants) 34% 
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A.1.2 Questionnaire 
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A.2 Results 

A.2.1 Sample description 
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A.2.2 Dendrograms 

Ward’s cluster by options, i.e. actions, how to transform the energy system (dimension options) 

 

 

 

Ward’s cluster by trade-offs between costs and other aspects that need to be taken into account 

when transforming the energy system (dimension cheap transition) 
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Ward’s clusters by potential designs for energy independency, i.e. options that contribute to lower 

import dependency (dimension dependency) 

 

 

 

Ward’s clusters by distribution of costs of the energy transition (dimension distribution) 
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Ward’s cluster by design elements depicting different investors in renewable energy plants 

(dimension investor)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

 

 

 

Ward’s cluster by policies promoting the energy transition (dimension measures) 
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Ward’s cluster by design elements depicting reliability of energy supply (dimension reliability) 

 

 

 

A.2.3 Clusters characterised by means – design preferences 

Applying k-means clustering (Figure 22) with k = 5 we get five distinct preference patterns with 

respect to the focused actions efficiency, renewables, sufficiency and flexibility that are displayed 

by their means of (dis)agreement. Cluster 1 is characterised by a very high degree of agreement to 

the selected actions, while cluster 2 shows a high agreement except for sufficiency. In contrast, 

cluster 3 reveals a generally high agreement, but lower as cluster 1. Cluster 4 strongly refuses 

sufficiency and flexibility options while in cluster 5 citizens refuse less renewables, sufficiency and 

flexibility but more efficiency. 

When applying Ward’s clustering, the preference patterns becomes in this case more pronounced. 

Cluster 1, 2 and 3 are quite similar in their preferences. Cluster 4 still supports efficiency and 

renewables but refuses more flexibility and less sufficiency, while cluster 5 reveals the least overall 

agreement with these actions. 
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Figure 22: Characteristics of k = 5 clusters of dimension actions, k-means 

 

 

Figure 23: Characteristics of k = 5 clusters of dimension actions, Wards 
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Figure 24: Characteristics of k = 5 clusters of dimension measures, k-means 

 

 

Figure 25: Characteristics of k = 5 clusters of dimension measures, Wards 

 

 

costs

prohibition

regulation

information

preference pattern by five clusters

cluster 1 cluster 2 cluster 3 cluster 4 cluster 5

costs

prohibition

regulation

information

preference pattern by five clusters

cluster 1 cluster 2 cluster 3 cluster 4 cluster 5



Energy transition: financial participation and preferred design elements of German citizens  

Fraunhofer ISI  |  66 

Figure 26: Characteristics of k = 5 clusters of dimension trade-off of costs, k-means 

 

 

Figure 27: Characteristics of k = 5 clusters of dimension trade-off of costs, Wards 
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Figure 28: Characteristics of k = 5 clusters of dimension investors, k-means 

 

 

Figure 29: Characteristics of k = 5 clusters of dimension investors, Wards 
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Figure 30: Characteristics of k = 5 clusters of dimension distribution, k-means 

 

 

Figure 31: Characteristics of k = 5 clusters of dimension distribution, Wards 
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Figure 32: Characteristics of k = 5 clusters of dimension dependency, k-means 

 

 

Figure 33: Characteristics of k = 5 clusters of dimension dependency, Wards 
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Figure 34: Characteristics of k = 5 clusters of dimension reliability, k-means 

 

 

Figure 35: Characteristics of k = 5 clusters of dimension reliability, Wards 
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