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Abstract 

Home energy storage (HES) poses a promising option to foster flexible electricity demand and grid-

stabilising self-supply. Understanding the characteristics of potential storage adopters and their mo-

tives for adopting is essential to enable targeted measures to promote diffusion. This paper presents 

an in-depth analysis of motivational and psychological factors as well as product characteristics that 

affect the willingness to adopt domestic energy storage. Based on a selective sample of solar panel 

owners as the main energy storage target group, we find that potential adopters differ systematically 

in their evaluation of economic and non-economic characteristics of home energy storage. Using 

correlation-based average linkage clustering, we identify four distinct types of storage adopters: fi-

nance-oriented, independence-oriented, idealistic and multilaterally oriented households. Our find-

ings emphasise that segment-specific policy strategies and support mechanisms are needed to stim-

ulate HES adoption to pave the way for a sustainable energy system.  
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1. Introduction 

The global transition towards decarbonised energy systems depends on the successful integration of 

technological innovations to cope with the challenges posed by the ever-growing share of renewable 

energy sources (RES). Energy storage and, in particular, home energy storage (HES),1 is a technol-

ogy that is mentioned frequently when dealing with the complexities of RES. Apart from allowing 

households to optimise their consumption of self-generated electricity (e.g. from photovoltaic (PV) 

panels), generate income from selling stored, self-generated electricity or charging an electric vehi-

cle, HES can also provide system benefits like network rebalancing by supporting grid stability and 

the alleviation of local distribution networks (Hollinger et al. 2013). 

However, despite this variety of use cases and the widespread installation of PV panels, the adoption 

rate of HES remains relatively low. Even in Germany, where the adoption of PV panels has been 

promoted and supported for several decades and more than 1 M private households have installed a 

PV panel, less than 12% of these dispose of a storage unit (Fraunhofer ISE 2020; ees Europe 2020). 

Yet, without HES, only roughly a quarter of all electricity generated by private PV panels can be 

used by the households themselves (Fraunhofer ISE 2020). The excess electricity is fed into the grid, 

where it can lead to high grid loads, voltage fluctuations and network congestion, all of which are 

costly to resolve.2 In light of this, several studies (Barbour and González 2018, Linssen, Stenzel, and 

Fleer 2017, Kalkbrenner 2019, Oberst and Madlener 2014) have expressed the need to focus on the 

role of HES and a more comprehensive understanding of individual factors that foster and hinder 

HES adoption.  

                                                           
1 Home energy storage systems are based on batteries that can store e.g. excess electricity from a solar panel for later 

use.  

2 The total costs of network and system security measures carried out by transmission and distribution network operators 

in Germany to smooth out peaks and shortages in electricity supply frequently exceed a billion Euro (e.g. €1.5bn in 2017 

and €1.4bn in 2018, BNetzA and BKartA, 2020). 
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One aspect that has to be considered in this discussion is the individual motivation of consumers. 

Motivation has been shown to play a key role in technology adoption (e.g. Rogers 1995). As it can 

differ extensively between adopters, technologies and at different points in time, the need for a user-

centred, technology-specific research perspective to gain insight into individual adoption processes 

is frequently emphasized (Balcombe, Rigby, and Azapagic 2014; Hecher et al. 2017; Islam 2014; 

Michelsen and Madlener 2013). Yet only few studies discuss the feasibility of HES from a con-

sumer’s perspective. While the literature has identified several aspects of battery storage that seem 

to drive initial interest in HES adoption, the relative importance of these factors and, in particular, 

the motivational heterogeneity of the potential adopters has not been addressed so far.  

To gain a more detailed understanding of potential adopters’ motivation, we conduct a field study 

in southern Germany among a selective sample of PV panel owners (N=582). We analyse the moti-

vational structure of these potential adopters in combination with observable socio-demographic 

measures, psychosocial factors as well as energy- and storage-related beliefs. Conducting a correla-

tion-based cluster analysis, we identify four distinct storage adopter segments. Apart from an in-

depth characterisation, we provide a detailed account of their product demands as well as technology 

perception. This allows us to identify the most promising future adopters, which is particularly im-

portant to conceptualise and target policy measures effectively to help initiate market growth. Our 

study indicates that especially during the early phases of the product lifecycle, potential storage 

adopters should be approached via differentiated policies by policymakers and the storage industry 

alike in order to foster and accelerate large-scale diffusion and adoption. 

The remainder of the paper is structured as follows: In section 2, we briefly review the existing 

literature on the diffusion and adoption of green innovations to motivate our research questions. 

Section 3 provides a detailed description of our methodology and empirical strategy, including the 
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survey design and the resulting dataset. We present our main analysis and findings in section 4. 

Section 5 concludes with a discussion of possible policy implications. 

2. Existing evidence on HES adoption and open research questions 

Various studies in the past years aimed to identify main drivers and barriers in the decision-making 

process on the adoption of renewable energy technologies in general (for an overview, see Faiers et 

al., 2007; Girod, Mayer, and Nägele 2017; and Alipour et al. 2020). Only a few studies, however, 

have looked at factors that motivate households to consider adopting HES in particular. In the fol-

lowing, we briefly summarize the findings that are most closely related to our research. 

Studies dealing with the adoption of HES typically focus on several utility aspects of HES that mo-

tivate households to adopt. One group of factors that is frequently addressed in the literature are 

economic or financial aspects, such as saving or earning money, protection against rising electricity 

costs, installation and capital costs, payback periods or financial policy support (Kempener and 

Borden 2015). Graebig, Erdmann, and Röder (2014) identify financial benefits from own consump-

tion and protection against rising electricity prices as the main motives for installing battery systems. 

While raising self-sufficiency seems to drive initial interest in residential battery storage, costs ulti-

mately represent the most important purchase criteria. However, other authors point out that non-

economic aspects also play an important role. In many use cases HES are currently not economically 

viable, especially as an add-on to existing PV panel systems (Barbour and González 2018). Oberst 

and Madlener (2014) and Linssen, Stenzel, and Fleer (2017) argue that consumers considering stor-

age solutions despite these economic shortcomings is a signal that HES adoption is not only about 

return on investment. Instead, an important driver seems to be the desire for self-sufficiency, inde-

pendence from electricity suppliers and achieving higher degrees of autarky (Oberst and Madlener 

2014; Linssen, Stenzel, and Fleer 2017). Kalkbrenner (2019) emphasizes this desire for autarky 

among potential adopters, too. In a hypothetical choice experiment among German adopters of a 
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photovoltaic-system, he finds that aspects such as self-sufficiency and energy-security are highly 

valued by consumers. He concludes that although potential adopters are cost-sensitive and prefer 

short payback periods, autarky is a key driver for HES adoption. Ecker, Spada, and Hahnel (2018) 

point in the same direction. They conduct two experimental surveys in which they assess the im-

portance of autarky for HES adoption and find that it significantly raises willingness to pay for 

storage systems. Schill, Zerrahn, and Kunz (2017) add that concerns about privacy and data protec-

tion might play an important role, while Kairies, Magnor, and Sauer (2015) list climate protection 

and technological interest as further primary motivations. Gährs et al. (2015) use face-to-face inter-

views with private PV owners and find that HES adoption is motivated by the prospect of being 

independent from energy suppliers and contributing to the energy system transformation. Barriers 

to adoption are investment costs and uncertainty regarding the system’s longevity. Agnew and 

Dargusch (2017) also analyse this dichotomy of economic and non-economic motivational factors 

using stated preference survey data from Australia, including a best-worst scaling and a discrete 

choice experiment to analyse potential adopters’ preference for a specific battery system. While 

costs seem to be a key determinant for mass-market adoption of battery storage, they conclude that 

drivers encouraging the adoption of a certain battery system tend to be of rather non-monetary na-

ture: utility aspects like self-sufficiency and grid independence seem to have the strongest influence 

on battery system preferences.  

This heterogeneity in motivation for HES adoption is also reflected in studies on the adoption of 

renewable energy technologies in general. Balcombe, Rigby, and Azapagic (2013) review the liter-

ature on motivation and barriers for adoption of microgeneration technologies for electricity and 

show that these can be grouped in seven categories, with financial aspects, environmental concerns 

and security of supply among them. However, with the exception of financial aspects and environ-

mental concerns, there is little agreement on the importance of these factors for actual adoption 

decisions. Faiers and Neame (2006) add that heterogeneity in the adopter base is also driven by self-
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selection over time: early PV adopters differ from later adopters in that financial, economic and 

aesthetic characteristics seem to be less important for the adoption decision. Later adopters empha-

sise financial attributes over other characteristics, and capital costs are perceived to outweigh the 

financial benefits of installing a PV system. Karakaya, Hidalgo, and Nuur (2015) on the other hand 

stress the importance of non-economic factors: In a case study conducted in Southern Germany they 

find that PV adopters are motivated by being self-sufficient and independent from conventional 

electricity supply, which is complemented by environmental awareness, peer effects and financial 

stability. 

In sum, these studies on the adoption of HES in particular and renewable energy technologies in 

general show that the main motivational factors revolve around four utility dimensions: 

(1) Financial aspects, such as financial benefits from own consumption, protection against rising 

electricity prices, costs of installation and payback-periods, 

(2) Autarky, i.e. a higher degree of self-sufficiency, security of own supply and independence 

from electricity suppliers, 

(3) Contribution to climate protection and environmental concerns, 

(4) Technological interest and personal innovativeness. 

While a certain multidimensionality of motivational factors seems to be established in the literature, 

evidence on the relative importance of these utility aspects and how preferences are distributed 

among potential adopters is scarce. However, whether there exist structures in the motivational hi-

erarchy that have to be taken into account when it comes to the development of business models and 

policy support for HES is an important question. In related technological domains, several authors 

have shown that there exists a motivational heterogeneity that can be systematically structured, an-

alysed and used for a more detailed characterisation of potential adopters. Ranging from energy 

consumption (Sütterlin, Brunner, and Siegrist 2011) and microgeneration adoption in general 
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(Axsen, TyreeHageman, and Lentz 2012) to specific technologies such as residential heating sys-

tems (Michelsen and Madlener 2013) or home energy management systems (Sanguinetti, Karlin, 

and Ford 2018), studies were able to distinguish several consumer segments that exhibit unique 

demographic and psychographic profiles as well as particular sets of barriers relevant to adoption. 

As a result, there does not seem to exist a “fit-for-all” solution (Soland et al. 2018) and policies 

aiming to support the diffusion of green innovations have to be specifically aligned to the distinct 

characteristics of their adopters (Egmond, Jonkers, and Kok 2006). 

To our knowledge, we are the first to address this heterogeneity in potential HES adopters by ana-

lysing the relative importance of different motivational aspects in closer detail. Building on related 

studies, our main objectives are:  

(1) Identification of potential adopter segments: How do the four main motivational dimen-

sions of HES (financial aspects, autarky and self-sufficiency, climate protection and innova-

tiveness) compare with respect to their relative importance for the adoption decision? Is it 

possible to identify systematic patterns in potential adopters’ attitudes towards HES that ul-

timately allow for a segmentation of the user base? 

(2)  Characterisation of adopter types: Do any resulting segments differ with respect to socio-

demographic or psychographic variables, their evaluation of potential barriers and their will-

ingness to adopt?  

3. Data and survey design 

3.1 Survey structure 

To gain insights into potential adopters’ attitudes towards HES, we conduct a survey among PV 

panel owners in the south of Germany. We focus on PV panel owners because they constitute the 

main target group for HES. By addressing this specific group, our findings and their implications 
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should be all the more telling and meaningful for future research as well as political and industrial 

stakeholders regarding the development of measures supporting the adoption of HES.  

The questionnaire included questions on a wide range of topics in order to cover a broad spectrum 

of potential influences on the adoption of HES systems. Apart from our main variables of interest – 

the importance of different utility aspects and potential barriers concerning HES adoption – we col-

lected data on socio-demographic, household and residential characteristics commonly employed in 

classic economic models of adoption (Claudy, Michelsen, and O’Driscoll 2011; Balcombe, Rigby, 

and Azapagic 2014; Alipour et al. 2020). In addition, we also enquired about personal attitudes and 

beliefs, e.g. regarding topics like environmental protection, various technologies and the decarbon-

isation of energy systems, especially the German Energy Transition,3 which are comprised in belief-

based models of technology adoption (Girod, Mayer, and Nägele 2017). Furthermore, we gathered 

information on general decision-making and information-seeking behaviour, risk and trust attitudes 

as well as general energy-, environment- and technology-related knowledge.4  

An overview of the collected variables can be found in Table 1. In the following description, we will 

only focus on the main variables of our analysis. 

                                                           
3 The German Energy Transition aims for a shift from fossil to renewable energies, a reduction of greenhouse gas emis-

sions and increased energy efficiency, especially in the electricity, heating and mobility sectors. By 2025, electricity 

from renewable energy sources should make up 45% of the German electricity mix, by 2050 at least 80%. This is coupled 

with a nuclear phase out until 2022 (for more see Federal Ministry for Economic Affairs and Energy 2018).  
4 The full questionnaire as used in the data collection process is available upon request. 
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Table 1: Overview of collected variables 

HES specific measures 

- Importance of HES characteristics (segmentation varia-

ble) 

- Level of information on energy storage 

- Satisfaction of HES characteristics 

- Barriers to adoption 

- Technology perception 

- Environmental awareness 

- Implications of Energy Transition 

- Application of energy saving measures 

 

Environmental attitudes and conservation behaviour 

- Technology perception 

- Environmental awareness 

- Implications of Energy Transition 

- Application of energy saving measures 

 

Socio-demographic measures 

- Gender 

- Age 

- Education level 

- Marital status 

- Employment status 

- Household size 

- Household income 

- Living space 

 

Psychographic measures 

- Risk aversion 

- Regulatory focus 

- Preference for complexity 

- Preference for the present 

  

HES specific variables 

Against the background of our main research questions, we asked respondents about various aspects 

and beliefs directly related to HES. One battery of questions addressed the importance of general 

HES utility aspects. As indicated by the literature, we specifically asked the respondents to rate the 

importance of financial aspects, autarky and self-sufficiency, contributing to climate protection and 

the use of an innovative technology for the adoption decision. We later use this as our segmentation 

variable. Furthermore, respondents rated how well each of those criteria are already met, indicated 

their current level of information on HES systems and how problematic they consider possible bar-

riers to adoption to be, such as the uncertainty about future electricity prices, the technology’s ma-

turity, space requirements, the payback period, data security and privacy issues. 

Socio-demographic variables 

As a first set of control variables, we use information on socio-demographic controls like age, gender 

(via the variable male), education level and employment status of the respondents along with the 

level of household income and household size.  
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Psychographic variables 

Regarding psychological attributes, we employ two different measures which are likely to influence 

the decision-making process: The respondents’ willingness to take risk, captured on a scale from 0 

(very risk-averse) to 10 (very risk-loving) and their regulatory focus (Higgins, 1997, 1998). The 

latter is measured as suggested by Fellner et al. (2007) with a list of items on a scale from 0 (does 

not apply at all) to 6 (fully applies) to capture different motivational factors that influence individu-

als’ decision-making processes, such as impulsiveness, dutifulness, eagerness, conservatism or vig-

ilance.5 We also add two items capturing whether respondents enjoy engaging in complex tasks and 

prefer the present to the future on a scale from 0 (do not agree at all) to 6 (fully agree). 

Environmental attitudes and conservation behaviour 

We also consider the influence of topic-specific attitudes and beliefs as well as environmental aware-

ness on the adoption decision. We control for respondents’ perception of the future influence of 

several technologies, e.g. PV or nuclear energy, for themselves, Germany, the world and future gen-

erations. In order to assess environmental awareness explicitly and implicitly, we include infor-

mation on whether respondents have donated to an environmental group, rallied for an environmen-

tal cause or participated in an environmental info event during the previous two years. Furthermore, 

we include the agreement with statements on environmental protection and personal consequences 

of environmental problems on a five-point scale (fully agree to fully disagree). Lastly, we control 

for applied energy saving and pro-environmental measures like using green electricity, efficient 

heating, building insulation, insulated windows or economic appliances. 

                                                           
5 Regulatory focus theory distinguishes between a promotion and a prevention motivational system. While the promotion 

system is aspirational in its relation to advancement or the attainment of better states, the prevention system is associated 

with safety, security and defence concerns aimed at maintaining satisfactory states. In this respect, individuals belonging 

to the promotion system are more focused on achieving goals and fulfilling ideals, whereas those adhering to the pre-

vention system are rather concerned with meeting duties and obligations (for more on this and the implications of both 

motivational systems see e.g. Higgins 2015, Higgins et al. 2003). 
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3.2 Data collection 

We implemented a preselection process for our data collection supported by a local energy provider 

in northern Bavaria, which allowed us to draw a selective sample of households having installed a 

PV panel after 2008 with a capacity of 3-15 kilowatt (kW).6 The survey was sent out to 3,432 thus 

preselected households. To stimulate participation, respondents had the possibility to win one of 

three 100 € prizes.7 During the data collection from August to September 2014, a total of 687 ques-

tionnaires were returned, which corresponds to a response rate of 20.21%. In the course of the anal-

ysis, we excluded 66 observations for which either values of at least one of the variables employed 

for the cluster analysis or information about the willingness to adopt was missing. Another 39 cases 

were excluded due to inconsistent or non-clusterable response behaviour (see section 4.1 for details), 

resulting in a final cross-sectional dataset of 582 households.  

Table 2 shows summary statistics for the socio-demographic variables for the full sample. Our sam-

ple consists of 81% men, with an average age of 51.9 years (SD = 11.18) across all respondents. 

Roughly one quarter of the respondents have a university degree. On average, three to four persons 

live in a household, with the majority disposing of a gross annual household income between 30,000 

– 90,000 €. This socio-demographic composition matches the characteristics of typical residential 

PV adopters as indicated in the literature. They are characterised as rather well-educated and be-

longing to higher socioeconomic groups compared to the average general public, with enough of a 

disposable income to invest in innovative technologies (Keirstead 2007; Vasseur and Kemp 2015; 

Islam 2014). The age cohort of 45 to 65 is usually overrepresented among PV adopters, which is 

                                                           
6 Until the end of 2008, private owners of PV panels with a capacity below 30 kW could earn up to 57.4 ct/kilowatt-

hour (kWh) from a feed-in tariff. In 2014, this remuneration had fallen to below 13ct/kWh, providing a considerably 

smaller incentive to install a solar panel (for the different feed-in tariffs by year see e.g. Solarenergie-Förderverein 

Deutschland 2020). 
7 Since our questionnaire was part of a panel survey, participants had the additional opportunity to win one of three 

prizes of 1,000€ if they answered all three questionnaires of the panel survey. 
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also reflected in the age distribution of our sample (Balcombe, Rigby, and Azapagic 2013). In addi-

tion to that, PV adopters are seen as relatively more concerned with the environment, choosing to 

install systems in part to reduce their personal greenhouse gas emissions, and are generally interested 

in the technical attributes of PV panels (Baskaran, Managi, and Bendig 2013; Chen 2014), which 

explains the high levels of agreement we observe for questions that are concerned with environmen-

tally friendly behaviour.  

Table 2: Summary statistics for socio-demographic variables (full sample) 

Variable N Share Mean SD Min Max Description 

Male 582 0.81   0 1 Binary variable indicating an individual’s gen-

der. 0 (male) and 1 (female)  

Age 582  51.86 11.16 23 87 Respondent’s age in years 

Education 582    0 4 Ordinal variable indicating whether a respond-

ent has attained a secondary school degree from 

a “Hauptschule” (H) or a “Realschule” (R), a 

university entrance diploma or a university de-

gree8 

Secondary school 

(H) 

 0.35     

Secondary school 

(R) 

 0.25     

University en-

trance diploma 

 0.16     

University degree  0.23     

Employment status 582      Binary variables indicating whether a respond-

ent is self-employed, an employee or a pen-

sioner 
Self-employed   0.13  0 1 

Employee   0.67  0 1 

Pensioner   0.20  0 1 

Household size 582  3.44 1.28 1 10 Number of persons in the household 

Income level 582    0 4 Ordinal variable indicating the level of gross an-

nual household income (<€30k, €30k-€60k, 

€60k-€90k, >€90k) 
<€30k   0.11     

€30k-€60k   0.40     

€60k-€90k  0.23     

>€90k  0.14     

 

 

                                                           
8 In Germany, there are three types of secondary schools, the Hauptschule (secondary school H), Realschule (second-

ary school R) and Gymnasium (grammar school). After primary school, pupils are recommended to a school type 

based on academic achievement, ability to work independently and personality traits. While the Hauptschule has a vo-

cational orientation, the Realschule combines both liberal and vocational education. The Gymnasium offers academic 

education intended to prepare pupils to study at a university. 
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4. Analysis and results 

4.1. Identification of potential adopter segments  

In order to identify different groups of potential adopters, we conduct a cluster analysis. As we are 

interested in the relative importance of the motivational dimensions that are frequently indicated in 

the literature on HES adoption, we base our clustering on the respondents’ individual rating of the 

importance of the following four HES utility dimensions: (1) financial aspects, (2) autarky & self-

sufficiency, (3) contribution to climate protection and (4) use of an innovative technology. Due to 

the lack of previous segmentation studies on this topic, we abstain from any assumptions about the 

possible number of clusters or the individual motivational structure of a potential adopter. We follow 

Michelsen and Madlener (2013) and favour a hierarchical approach over a partitioning clustering. 

Because meaningful differences between observations do not arise from different answer-levels, but 

answer-profiles, we use a correlation based distance matrix as a proximity measure for the analysis 

of differences between the respondents’ answers (Backhaus et al. 2016). We then apply the selected 

proximity measure in two steps: First, we carry out a single linkage cluster analysis. We thereby 

identify 22 data points that show non-classifiable response patterns. We exclude them from further 

analysis and perform the second step, the main clustering, on the remaining data (N=582). For this, 

we use average linkage clustering (see e.g. Backhaus et al. 2016, Bergs 1980). To mitigate potential 

order effects arising from the data structure, we randomly reallocate our dataset 200 times and run 

and save the resulting hierarchical cluster structure for every instance. 

To find an optimal cluster solution and a specific number of clusters, we apply two statistically-

based stopping rules, the Calinski-Harabasz pseudo-F index and the Duda-Hart index (Milligan and 

Cooper 1985). Both indices significantly favour a four-cluster solution over a three-cluster solution. 

Since the number of observations in each segment is sufficiently high to be addressed by further and 

more sophisticated analysis, we opt for the four-cluster solution. To ascertain that the clustering does 
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not depend on the dataset itself, we test the robustness of this result with two different methods 

(Poncela-Casasnovas et al. 2016). First, we apply the average linkage clustering algorithm to a ran-

domised version of our data, finding no significant clustering structure, which indicates that the 

achieved clustering structure is meaningful. Second, we run the clustering algorithm on portions of 

the original data (Kohavi 1995). This test shows that the optimal four-cluster scheme found is robust 

even when randomly excluding up to 45% of the respondents and their answers.  

4.2. Motivational structure of adopter segments  

Figure 1 illustrates the different motivational structures of the four adopter segments by showing 

their respective ratings across the utility dimensions. 

Figure 1:  Average importance of HES utility dimensions by adopter segment 

Note: Importance ranking ranging from “very important” (outer limit) to “rather unimportant” (centre). 
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Four clearly separable patterns emerge. More than half of the respondents (cluster 1: n = 297 = 51%) 

indicate that they care almost entirely about the financial aspects of the HES decision. Autarky is 

the second most important aspect, while climate protection and the use of an innovative technology 

do not seem to concern them. Due to this focus on economic aspects, we refer to the respondents in 

this cluster as “finance-oriented” consumers. The motivational structure of consumers in clusters 2 

and 3 is in stark contrast to this. Households in cluster 2 (n = 94 = 16.2%) rate self-sufficiency and 

autarky as the most important aspect. They also seem to be interested in the use of an innovative 

technology and contribution to climate protection. Strikingly, financial aspects are relatively unim-

portant to them. Since the most prominent characteristic of households in this cluster is their focus 

on self-sufficiency and autarky, we label them “independence-oriented” consumers. Respondents in 

cluster 3 (n = 56 = 9.6%) are mainly motivated by the use of an innovative technology and the 

contribution to climate protection. Since they are neither interested in financial benefits nor self-

sufficiency and autarky, we label them “idealistic” consumers. Together, “idealistic” and “independ-

ence-oriented” respondents account for another quarter of all households in our sample. The remain-

ing quarter of households (cluster 4: n = 135 = 23.2%) value all four dimensions equally. We hence 

label them “multilaterally oriented” consumers.  

Altogether, these patterns indicate heterogeneous motivational structures in the adopter base that 

evolve around four different utility aspects of a HES. One main feature seems to be the distinction 

between economic- and non-economic utility aspects. Around 75% of consumers have an exclusive 

or at least partial financial focus regarding HES adoption, yet still 25% express an almost entirely 

non-economic motivation. This motivational divide has clear implications for the market diffusion. 

Especially in early phases of the diffusion process, it is essential to attract early adopters, who act 

as impetus for market growth by communicating their experiences with innovative products to the 

majority of later adopters (Moore 2002; Rogers 2010). Under circumstances where newly developed 

technologies score high in non-monetary factors, but are initially not economically viable – which 
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is often the case in early stages of the product lifecycle – we would expect independence-oriented 

and idealistic consumers to be more willing to adopt. As price declines and surges in individual 

profitability often occur at advanced stages of the product lifecycle, finance- and multilaterally ori-

ented consumers would hence adopt later. 

4.3 Characterisation of adopter types 

In order to characterise the four types of adopters in more detail, we test for differences across the 

four groups in terms of the explanatory variables. To do so, we apply ANOVA for continuous, Chi2 

tests for categorical and Kruskal Wallis tests for ordinal independent variables. We further analyse 

differences between respective pairs of segments using post-hoc tests, in particular the Bonferroni 

method (for equality of variance) and the Games-Howell test (for inequality of variance).9 Table 3 

presents the results of these tests for each cluster for observable socio-demographic and psycho-

graphic characteristics, while the results for environmental attitudes, conservation behaviour and 

HES specific variables are shown in Table 4.10  

To get a better understanding which of these characteristics best distinguish the clusters, we employ 

a multinomial logit model to predict the probability of belonging to each of the four clusters. We 

use cluster membership as the dependent variable and the socio-demographic and attitudinal varia-

bles as controls. Due to data limitations, we aggregate education and income as dichotomous varia-

bles (university degree as a proxy for higher education, and high income for the proportion of house-

holds with an income > €60k p.a.) and only report significant differences. Table 5 shows the results 

of the model in terms of relative risk ratios with the finance-oriented cluster as the base category. 

Table 6 shows the associated marginal effects.  

                                                           
9 Equality of variance is tested for using Levène’s test. 
10 Other variables with insignificant results are not reported but available upon request. Due to the small number of 

observations in some clusters, many seemingly large differences between clusters are insignificant. 
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Table 3: Comparison of HES adopter segments based on socio-demographic and psycho-

graphic variables 

 
a) Finance-ori-
ented (n=297) 

b) Multilateral 
(n=135) 

c) Independence-
oriented (n=94) 

d) Idealistic  
(n=56) 

Description 

Age*** 49.64bcd 53.64a 55.23a 53.64a years, average 

Household size*** 3.55b 3.09acd 3.57b 3.46b no., average 

Male*** 0.81 0.72cd 0.88b 0.89b % of respondents 

Married* 0.92b 0.82acd 0.93b 0.96b % of respondents 

      

Education*** bd acd b ab % of respondents 

Middle school (H) 0.32 0.45 0.35 0.30 

 
High school (R) 0.29 0.24 0.20 0.18 

University entrance diploma 0.14 0.14 0.22 0.14 

University degree 0.24 0.16 0.22 0.38 

      

Employment-status     % of respondents 

Self-employed 0.12 0.10 0.18 0.16 

 Employee** 0.73c 0.62 0.56a 0.66 

Pensioner** 0.15bc 0.28ad 0.26a 0.18b 

      

Income level** cd cd ab ab % of respondents 

<30k 0.12 0.22 0.11 0.12 

 
30-60k 0.50 0.42 0.37 0.34 

60-90k 0.24 0.22 0.35 0.27 

>90k 0.14 0.14 0.17 0.27 

      

Psychographic measures      

Willingness to take risk 4.78 4.56 5.10 5.18 scale (0-10), average 

Regulatory focus predominance 

index (RFPI) 
-0.69c -0.64 -0.42a -0.66 RFPI score, average  

Preference for complexity** 3.94c 4.09c 4.44abd 3.94c scale (0-6), average  

Preference for the present 3.03 3.30 2.97 2.78 scale (0-6), average 

Note: * p < 0.10, ** p < 0.05, *** p < 0.01. Different letters indicate significant differences between particular HES 

consumer segments, p < 0.05/0.1, using the Bonferroni method and the Games–Howell post-hoc test: a = significantly 

different from the finance-oriented segment, b = significantly different from the multilaterally oriented segment, and so 

forth.  
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Table 4: Comparison of HES adopter segments based on environmental attitudes, conserva-

tion behaviour and HES specific variables 

 a) Fi-
nance-

oriented 

(n=297) 

b) Multi-
lateral 

(n=135) 

c) Inde-
pend-

ence-ori-

ented 
(n=94) 

d) Ideal-
istic  

(n=56) 

Description 

Importance of env. protec-

tion***  

0.49bcd 0.66a 0.68a 0.71a % of respondents that rate env. protection as very 

important 

Env. problems impact*** 0.31bcd 0.38acd 0.50ab 0.52ab % of respondents that find env. problems impact 

their life 

Env. action – Donation** 0.21c 0.26 0.36a 0.27 % of respondents that donated to environmental 

causes 

Env. action – Rally**  0.06c 0.06c 0.16ab 0.13 % of respondents that rallied for environmental 

causes 

Env. action – Information***  0.34c 0.38 0.53a 0.44 % of respondents that went to env. information 

events 

      

Importance HES future*** 0.44c 0.48c 0.66abd 0.48c % of respondents that rank HES as very important 

for future energy systems 

Assessment knowledge RES* 0.13cd 0.18cd 0.25ab 0.24ab  % of respondents that rank their own knowledge 

about RES as very good 

Assessment knowledge HES* 0.05c 0.11 0.14a 0.11 % of respondents that rank their own knowledge 

about HES as very good 

      

Satisfaction with HES charac-

teristics 

    % of respondents that see utility dimensions of 

HES as satisfied / mostly satisfied 

Financial aspects*** 0.22bc 0.47ad 0.34a 0.19b   
Self-sufficiency*** 0.48b 0.64ad 0.58 0.48b  

Climate protection*** 0.46bc 0.62a 0.56a 0.44   

Innovative technology* 0.56a 0.70b 0.58 0.63   

 

Barriers to HES adoption      % of respondents that rank barriers to adoption as 

problematic or very problematic 

Uncertainty future prices*** 0.72c 0.75cd 0.50ab 0.57b  

Payback period*** 0.84bcd 0.72ac 0.55abd 0.72ac  

Technological maturity*** 0.92bc 0.82a 0.82a 0.86  

Space requirements*** 0.61c 0.53c 0.38ab 0.54  

Data security** 0.22 0.25cd 0.15b 0.15b  

Privacy concerns 0.20d 0.17 0.18 0.12a  

Note: * p < 0.10, ** p < 0.05, *** p < 0.01. Different letters indicate significant differences between particular HES 

consumer segments, p < 0.05/0.1, using the Bonferroni method and the Games–Howell post-hoc test: a = significantly 

different from the finance-oriented segment, b = significantly different from the multilaterally oriented segment, and so 

forth.  
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Table 5: Results of MNL regression  

Explanatory variables Multilateral Independence-oriented Idealistic 

Socio-demographics 

Household size 0.77*** (0.08) 1.27** (0.13) 1.09 (0.14) 

Age 1.02* (0.01) 1.06*** (0.01) 1.03** (0.01) 

University degree 0.50** (0.15) 0.58* (0.19) 1.53 (0.58) 

High income 1.14 (0.27) 2.29*** (0.63) 1.76* (0.58) 

    

Psychographic measures  

Preference for complexity 1.04 (0.08) 1.31*** (0.13) 0.93 (0.10) 

    

Environmental attitudes and conservation behaviour 

Importance of env. protection  1.77*** (0.38) 1.48 (0.38) 2.28*** (0.71) 

Env. action – Donation 1.07 (0.28) 1.72* (0.48) 0.88 (0.31) 

Env. impact of storage 1.29 (0.24) 2.37*** (0.57) 1.22 (0.31) 

Maximum value of log-likelihood 

function 

-643.7809 

Likelihood ratio test statistic (all 

parameters) 

111.53*** 

Note: Results as relative risk ratios, dependent variable: cluster, base category: finance-oriented. SE in parentheses, * 

p<0.10, **p<0.05, ***p<0.01 

 

 

Table 6: Marginal effects 

 Finance-oriented Multilateral Independence ori-

ented 

Idealistic 

Socio-demographics  

Household size .010 -.055*** .035*** .010 

Age -.008*** .000 .006*** .002 

University degree .089 -.107** -.046 .064* 

High income -.107** -.016 .089*** .034 

     

Psychographic measures   

Preference for complexity -.021 -.001 .031*** -.009 

     

Environmental attitudes and conservation behaviour  

Importance of env. protection  -.142*** .072* .017 .052** 

Donated to env. causes -.045 -.004 .069* -.019 

Env. impact of storage -.104*** .014 .090*** .000 

Note: * p<0.10, **p<0.05, ***p<0.01 

4.3.1. Finance-oriented consumers 

The finance-oriented consumers make up the largest (51%) and youngest (49.64 years) group in our 

dataset. Compared to the other clusters, they have on average attained a medium education level 

(24% hold a university degree) and most dispose of a middle income (€ 30-60k). With the smallest 

regulatory focus index value, the finance-oriented adopters have the strongest prevention focus, i.e. 

they emphasise avoiding losses and maintaining current and satisfactory states, which fits their fi-
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nancial focus. Protection of the environment is less important to them and they perceive environ-

mental problems as having only a limited impact on their personal life. This is backed up by the 

results from the MNL regression: A higher age, income, importance of environmental protection 

and perceived impact of energy storage on the future negatively affect the likelihood of having a 

finance-oriented motivational structure. In addition, finance-oriented consumers are most sceptical 

of how well the utility dimensions are already satisfied, most notably financial aspects. Overall, they 

show a rather critical stance towards HES units, especially regarding the payback period. Our char-

acterisation of the finance-oriented consumers coincides in large parts with the general findings on 

(German) potential storage adopters as “materialistic consumers” (Sütterlin, Brunner, and Siegrist 

2011): for them, financial aspects are both the main motivation and barrier (Gährs et al. 2015; 

Graebig, Erdmann, and Röder 2014). While socio-demographic characteristics indicate favourable 

circumstances for HES adoption – people until the age of 65 and members of the upper-middle class 

are more prone to invest in RES technologies (Balcombe, Rigby, and Azapagic 2013) – their sole 

focus on financial aspects makes them unlikely adopters in early stages of the product lifecycle.  

4.3.2. Multilaterally oriented consumers 

The multilaterally oriented adopters are the second-largest cluster (23.2%). People belonging to this 

group have the comparably lowest education (16% with university degree), a middle income (€ 30-

60k), and are more likely to be retired and female. The high share of pensioners in this cluster could 

explain the lower education, as the population in general and women in particular had less access to 

higher education some 50 years ago (see e.g. Allmendinger et al., 2008). The members of this cluster 

live in the smallest households, with almost 40% of them living in two person households. With 

regard to HES, they have no preference for a specific purchase criterion but see all of them as equally 

important. Correspondingly, they report a favourable attitude towards home energy storage. They 
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have a comparably positive view on numerous aspects, even nuclear energy. However, their re-

sponse behaviour could be systematically biased along the lines of social desirability (Mummendey 

1981): the multilaterally oriented adopters are quite risk averse, thoughtful of others’ expectations 

and need appreciation, which might lead them to exaggerate and give answers they perceive as so-

cially desirable and acceptable. Having this in mind, we suspect the data underlying this cluster to 

be less reliable, especially with regards to attitudes, than for the other clusters.  

4.3.3. Independence-oriented consumers 

Independence-oriented adopters constitute the third largest group (16.2%). With an average age of 

55 they are the oldest in our sample. They have a high education level (38% hold a university de-

gree), a high income (52% earn < € 60k) and contain with 26% comparably many pensioners. They 

have the weakest prevention focus among all clusters, i.e. they emphasise hopes and advancing 

needs slightly more than others. Environmental protection and climate change are important and 

meaningful to them. Accordingly, they take most environmental action, i.e. they donate and rally 

for environmental causes and go to environmental info-events more than twice as often as the mul-

tilaterally and finance-oriented adopters. Furthermore, they expect PV and HES-technology to play 

major roles in the future. Similarly, they most firmly believe in the positive impact the energy tran-

sition will have on the future. They are interested in and well-informed about renewable energies 

and HES, which they also communicate to others. In total, they have a favourable attitude towards 

HES and are most optimistic concerning potential barriers of adoption, especially regarding space 

requirements and the payback period. This characterisation of the independence-oriented consumers 

largely coincides with the existing literature, wherein self-sufficiency and autarky have been identi-

fied as decisive motives for investing in both PV (Jager, 2006) and storage systems (Balcombe, 

Rigby, and Azapagic 2014; Gährs et al. 2015; Oberst and Madlener 2014; Kalkbrenner 2019).We 
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expand this existing characterisation by the distinct motivational dominance of non-economic fac-

tors that we find. Their support of climate protection as well as general interest in storage technology, 

both of which are associated with early adoption of HES (Kairies, Magnor, and Sauer 2015), makes 

the independence-oriented consumers natural early HES adopters. Our MNL results show that the 

independence-oriented cluster is clearly separable from the finance-oriented households based on 

socio-demographic variables alone. All household characteristics enter the model significantly. A 

larger household size, higher income and age are associated with a higher likelihood to be independ-

ence-oriented rather than finance-oriented. Moreover, optimism about the environmental impact of 

HES and an interest in engaging in difficult tasks is associated with belonging to this cluster.  

4.3.4. Idealistic consumers 

The idealistic adopters form the smallest (9.6%) and best-educated group, with nearly 40% of them 

having attained a university degree. They also show the highest average income among all segments 

(54% earn > € 60k). Idealistic consumers live in the largest households, with almost half of them 

living in four person households. The idealistic consumers are future-oriented, with a special interest 

in technology. Consumers from this group care most about environmental protection and the impact 

of environmental problems. They rally for environmental causes twice as often as the finance- and 

multilaterally oriented consumers and are only bested slightly by the independence-oriented con-

sumers in this regard. When it comes to HES, they prioritise climate protection as well as using an 

innovative technology, while supply security and financial aspects seem to be less relevant. This 

again corresponds to the above-mentioned main  motives of actual adopters found by Kairies, 

Magnor, and Sauer (2015). As adoption rates usually increase with higher levels of education and 

Balcombe, Rigby, and Azapagic (2013) and Girod, Mayer, and Nägele (2017) argue that personal 

innovativeness even outweighs environmental norms, this group of consumers seems well-suited for 

early HES adoption. Despite their attractiveness as early adopters for targeted marketing and policy 
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measures, idealistic consumers are hard to identify based only on observational variables due to their 

low number and the overlap with characteristics of the independence-oriented consumers.   

4.4 Barriers to adoption 

In a final step, we analyse potential barriers to adoption. In particular, we look at two financial, two 

technological/practical and two privacy-related barriers: uncertainty of future prices, payback period 

of the initial investment, maturity of the storage technology, space requirements, data security and 

privacy concerns. Figure 2 shows the percentage of respondents that (strongly) agree with the state-

ment that the mentioned aspect poses a barrier to adoption. 

Figure 2: Potential barriers to adoption by cluster 

 

Interestingly, the same pattern of concern is evident across all clusters. Maturity is the issue potential 

adopters are most troubled with. This underlines that potential adopters want to use a fully func-

tional, state-of-the-art product. Lack of maturity is thus an even stronger criterion for non-adoption 

than potentially unfavourable financial aspects, even among the finance-oriented consumers. In or-

der to spur adoption, it might therefore not be enough to only create favourable financial circum-

stances, but a special emphasis should be given to promoting the storage units’ maturity, which 
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includes their reliability, safety of use and longevity. Following the more practical maturity issue 

are the two finance-related barriers, i.e. payback period and uncertainty, which can be addressed by 

offering suitable payment and support schemes. The space required for the storage unit is another 

reasonable, practical concern for many households, which cannot be directly resolved by policy or 

marketing measures, but instead has to be taken into account by manufacturers in the product plan-

ning stage. Contrary to the findings of Schill, Zerrahn, and Kunz (2017), who postulate that data and 

privacy protection is a major concern for adopters of new technologies, but in line with Ecker, Spada, 

and Hahnel (2018), the potential adopters in our sample rank data security and privacy as the by far 

least concerning barriers to adoption. This hints at the feasibility of business models and energy 

management concepts such as virtual power plants and interconnected large-scale storage facilities 

from an acceptance point of view. Taken altogether, these results indicate that practical hurdles such 

as maturity and space requirements can be more decisive in terms of adoption than financial con-

straints, which corresponds to findings by Balcombe, Rigby, and Azapagic (2013). Looking at the 

individual clusters’ rankings, it is apparent that finance-oriented consumers are most sceptical re-

garding all potential barriers to adoption, while the independence-seeking consumers are in general 

least concerned.   

4.5 Implications for market integration 

Regarding market integration of HES, our findings suggest that under circumstances where HES 

increase self-sufficiency and enable autarky, but are not necessarily economically viable, as is cur-

rently the case in Germany (Barbour and González 2018), finance-oriented consumers are not among 

the most promising adopters in the close future. While they share many socio-demographic charac-

teristics of current renewable energy technology adopters, their adoption decision is most likely held 

back by their finance-oriented motivational structure. However, this purely financial focus makes 

them easily motivated to adopt once the technology has matured and prices have dropped, or once 
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financial support schemes are in place. Equally, the multilaterally oriented consumers are unsuitable 

as adopters in the near future due to their comparably weak socio-economic background and similar 

focus on financial aspects. Conversely, the idealistic and independence-oriented consumers are two 

promising future adopter segments: both are well-educated and financially well-off, have a strong 

environmental concern and technology interest and care less about potential barriers to adoption and 

financial aspects. In addition, the literature shows that current German adopters’ motivations to in-

vest in a storage system correspond to those of the idealistic and independence-oriented clusters, 

identifying them as the most promising target (sub-)group.  

5. Conclusion and Policy Implications 

HES units can, individually and virtually interconnected even more so, contribute to an alleviation 

of local distribution networks and grid stability. This reduces the need for costly network interven-

tions and security measures, which is of special interest in the context of the transition to a carbon 

free power system. A thorough understanding of HES adopters is thus of high relevance for energy 

policy and the energy storage industry alike. The purpose of this study was to identify different HES 

adopter types and characterise them with regard to their motivational structure and potential barriers 

to adoption. Consequently, this paper provides a first contribution towards shedding light on energy 

storage adoption decisions at the household level. From a broader perspective, the analysis yields 

insights into an area where cost-benefit analysis is difficult for the consumers, adoption affects not 

only individual but also societal benefits and non-monetary motives interact strongly with monetary 

ones when it comes to the adoption decision.  

Within our sample we find that potential adopters differ systematically regarding their evaluation of 

economic and non-economic utility aspects of home energy storage. This enables a characterisation 

and targeted approach of the different adopter groups. We identify four distinct types of HES 

adopters: finance-oriented, independence-oriented, idealistic and multilaterally oriented households. 
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With 51%, most potential adopters are finance-oriented, implying that financial aspects are the most 

important factor for mass-market uptake. In line with Kalkbrenner (2019) this suggests that once 

economic aspects are favourable, mass market uptake is likely to follow. Finance-oriented consum-

ers are most sceptical of the HES technology and exhibit only a comparably limited environmental 

concern. Without financial support schemes, this makes them an unattractive target group. Financial 

incentives such as guaranteed profitability or buyers’ premiums could probably spur their adoption. 

In addition, we find a considerable amount of idealistic and independence-seeking consumers. This 

is of relevance to both policy makers and the industry, as these potential adopters can be activated 

by policy measures and business models appealing to the different dimensions of non-economic 

motivators like environmental concern, self-sufficiency and autarky. This means the non-monetary 

aspects of energy storage have to be made more salient, in particular the energy-saving potential or 

the maximisation of own consumption of the produced electricity. 

Independent of the initial adoption motivation and financial support schemes, practical barriers can 

pose universal barriers to adoption if not addressed accordingly. Technological maturity, the pay-

back period as well as uncertainty about future prices are raised as a concern by all consumer groups. 

Interestingly and in contrast to common belief, we find that potential adopters are not worried about 

privacy and data security. This opens up the opportunity for smart business models like e.g. virtual 

power plants, community storage and community energy systems. 

From a policy (and marketing) perspective, this suggests that a differentiated approach of consumer 

groups and segment-specific policy measures with regard to HES might be superior to a more gen-

eral strategy. Our study indicates that especially during the early phases of the product lifecycle, 

potential storage adopters should be approached via targeted measures in order to foster and accel-

erate large-scale diffusion and adoption. It is particularly important to initially support and focus on 

early adopters, as they diffuse their experiences through social networks, thus inciting market growth 
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by reducing potential barriers and uncertainties for later adopters. Our analysis implies that one vi-

able route could lie in appealing to their environmental, self-sufficiency and autarky concerns as 

well as technology interest.  

Finally, there are some limitations to our insights on potential HES adopters. Since our field study 

was conducted in a geographically limited area in Germany and during a time when climate change, 

the German Energy Transition and the public’s possibilities to participate were prominently dealt 

with in German media, our results might not be generally applicable to PV panel owners in other 

countries and cultures without additional investigation. There is ample scope for future research to 

build on our findings by extending the scale of our study and by contrasting it to findings from other 

countries. This would help to further explore the drivers of domestic storage adoption and enable 

significant progress on the way to effective interventions that motivate and incentivise storage adop-

tion, and ultimately, a greener and more sustainable energy system. 
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