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While Germany demonstrates strong societal support for the energy transition, actual investments in renewable
energy projects remain low. This study addresses the research gap concerning financial participation, high-
lighting non-monetary factors as critical influences on citizens' investment decisions in energy transition tech-
nologies. Through a literature review and an online survey of German citizens (n = 895), we analyse how
monetary and non-monetary costs and benefits, as well as design preferences, affect financial participation.
Our exploratory research reveals that perceived non-monetary costs and benefits along with co-investments
may significantly shape investment decisions among German households. However, financial considerations
dominate despite citizens' strong support for climate-friendly investments. Although perceptions may differ
based on cultural, regulatory, and individual contexts, the findings identify key aspects that transcend national
and cultural boundaries. These findings reflect a gap between stated preferences and real actions due to non-
coincidence of rewards and costs, a dominance of individual costs over societal ones, and conflicting individ-
ual and social interests. The paper concludes with policy implications to enhance citizen engagement in
renewable energy investments by emphasizing non-monetary benefits and suggests avenues for further research.

1. Introduction

To achieve a carbon-neutral economy in the EU by 2050, substantial
investments in technologies and infrastructure are [1]. Deciding on in-
vestment in the energy sector is not a purely techno-economic process
but is also shaped by individual decisions and societal forces. Despite the
high level of acceptance and support of the energy transition (ET) in
Germany [2-4] as well as decreasing technology costs of solar and wind
power installations [5,6] along with financial support schemes and
simplified administrative processes, actual investments by citizens in
renewable energy (RE) projects, RE communities, RE suppliers, tech-
nologies or technology providers remain low, as recent studies display
[2,7,8]. The termini financial participation (FP) is widely used in the
context of material-FP and distributive justice in wind projects [9], as
well as in the context of acceptance of local wind projects [10] and refers
to owning green bonds, shares of wind parks or funds [9,11,12], mem-
bership in cooperatives [12], and prosumption [13]. In this study we use
the term FP for all investment activities in fixed and financial assets.
Fixed assets comprise the acquisition and installation of small photo-
voltaic roof top systems, heat pumps or electric vehicles for own use
-referred to as technology investments (TI)-, and investments in
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financial assets include acquisition of shares in wind or solar power
projects, RE suppliers, RE infrastructure operators and technology pro-
viders, or energy communities -referred to as financial investments
(FI). T1 is equivalent to the adoption of technology when the investment
in and use of technology coincides. We use the term “financial
participation” as an overarching term for both forms of investments.
The unattractive risk-return profiles of RE projects leading to a lack
of capital for investments in the ET [14] is often cited as a reason for
limited deployment of e.g. renewable energies [15]. This unattractive-
ness is underpinned by the fact that German households held low-risk
savings deposits with domestic banks that were nearly equivalent to
the level of German GDP in 2022 [16]. The cautious investment
behaviour observed in households is frequently attributed to their pro-
nounced risk aversion [17], which aligns most appropriately with the
preference for savings deposits in banking institutions. Risks are linked
to political, social, environmental, regulatory, economic and technical
issues [14], but the proven reliability of a technology, its market
maturity and experience of actors play a key role for investments, while
policies have a less strong effect on investment decisions [18]. Although
the risk-return ratio is still the dominating principle for investment de-
cisions [19], sustainability aspects are becoming increasingly significant
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in financing [20] and could become a driving factor for ET investments.
In the context of promoting the ET, mobilizing low-cost capital for high
upfront investments with a long-life cycle — dominating characteristics
of ET investments - is currently a significant issue within German and EU
political discourse.

Given the substantial investment requirements for the ET as high-
lighted in various scenarios (e.g. [21]) and the regulatory environment
that significantly restricts banks' roles in financing such projects [22],
this study focuses on factors influencing citizens' investments in the ET.
The considerable volume of savings deposits held by German households
further underscores the potential for mobilizing private capital.

While a considerable body of literature has analysed the motivations
of households to invest in energy communities, for example [23-26], as
well as the barriers and drivers of TI and adoptions [27,28]. Yet, only a
limited number of studies have examined other forms of TI beyond en-
ergy community participation e.g. [29,30].

This study extends the existing literature by identifying and incor-
porating various non-monetary factors and examining how these factors
could contribute to mobilizing capital for ET investments. By integrating
social science and economic approaches it aims to provide a compre-
hensive analysis of the role of factors beyond financial and climate as-
pects that influence citizens' actual FP. Unlike other studies focusing on
intended investment behaviour, this study looks into realised invest-
ment behaviour.

In the following Section 2, we elucidate existing research findings on
barriers and drivers of investments, outline some basic theoretical
frameworks on behavioural intention and acceptance of the EC, and
identify the corresponding gaps related to FP. Section 3 focuses on
monetary and non-monetary factors influencing FP. Further, it includes
an overview on preferences identified as significant in this context and
discusses how attitudes towards the ET are incorporated in these ana-
lyses. Section 4 describes the methodological approach, including the
operationalisation of the online survey and the exploratory analytical
method employed. Sections 5 represents the empirical findings and
section 6 discusses the results, contextualizing them within the broader
literature. Section 7 offers a concise summary of the findings, highlights
their implications for research and discusses the limitations of this
exploratory approach adopted in this study.

2. Literature review and research gaps
2.1. Studies looking into barriers and drivers

2.1.1. Factors driving TI - The adoption of technologies

Chadwick et al. [31] conducted a literature review that brings
together different research results on factors influencing energy tech-
nology adoption of consumers. The review suggests grouping the
influencing factors of households' investment decisions into behavioural
(relating to existing behaviour such as lifestyle, openness to innovation,
habits and routines), cognitive (relating to information processing of
households to assess costs and benefits of technology adoption), affec-
tive influences (comprising emotional influences on household decisions
such as uncertainty about technology, control, lack of trust in suppliers)
and social influences (comprising norms, social harms, responsibility) to
improve behavioural realism. The review reveals a high significance of
cognitive factors.

A study of [28] provides a detailed understanding of the factors
influencing household decisions for solar PV investments in Ghana.
Their research involving interviews with 22 adopters and non-adopters
of solar technology explores the motivations and resistances towards
solar PV adoption. Key barriers include perceived disadvantages of use
such as costs, performance expectancy, technological complexity, and
market design, while motivations encompass benefits such as perceived
energy independence, cost savings, peer influence, and environmental
concerns. Similar factors such as financial returns and autarky, technical
and financial constraints e.g. access to capital, lack of knowledge and
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time to inform oneself, and structural construction works on the building
are found to be of relevance as well in other studies [2,7,32]. Regulatory
complexity [27] potentially generates additional non-monetary costs
and increases uncertainty of outcome, and thus inhibits TI. Studies in the
field of energy economics investigate the relevance of individual bene-
fits for purchase intentions such as autarky, perceived control and
financial savings [33-35].

2.1.2. Factors driving FI — Investments in financial assets

To comprehend citizens' motivations for FI in energy communities,
[25] developed a conceptual framework and conducted a survey with
UK investors. Their findings show that FP of investors is primarily
motivated by ethical considerations, especially environmental concerns,
with community and social factors also playing significant roles.
Financial motives are less dominant. A study [36] focusing on invest-
ment motives within the German community energy sector reveals that
membership in an energy communities represents a specific type of so-
cial investment entailing social benefits. They uncover that the return
motive as a proxy for the benefits or usefulness of an investment is more
significant in limited partnerships and in community wind projects
compared to cooperatives and solar projects. Factors such as the social
setting, geographical and climatic conditions also play crucial roles. In
addition to municipal co-ownership and low risks, further aspects such
as financial literacy and trust in local governments are identified as
additional factors promoting decisions in favour of energy community
investments [37]. More generic barriers are transaction costs involved in
organizing an energy community as well as concerns about organisa-
tional instability [26].

A study on retail investors in RE projects finds that, in addition to
socio-demographic factors, psychic returns may also be an important
driver of investment decisions [30]. Analyzing FP in cooperatives,
crowdfunding, or peer-to-peer platforms, [38] identify demographic
factors such as age, education, and gender, as well as preferences like
risk tolerance, previous investment experience, and trust in organisa-
tions as significant in explaining both self-reported actual and intended
future participation in energy initiatives. Similarly, [39] emphasise the
importance of households' personal and social characteristics, as well as
the relevance of weak ties, in fostering participation in stock markets.
Other research on citizens as financial investors in the ET underpins
the high relevance of financial aspects, such as risk-return expectations,
alongside a considerable sensitivity to minimum holding periods
[29,40]. An analysis of citizens' willingness to invest in projects dem-
onstrates a strong significance of socio-demographic factors, as well as
locational, community, and attitudinal variables, affecting citizens' in-
vestment decisions and the amounts they are willing to invest [41].
Overall, several factors are identified as potential drivers of FP. How-
ever, there remains a lack of a comprehensive framework that explains
the factors, beyond socio-economic and financial variables, which drive
FI in RE projects.

2.2. Applied frameworks for explaining investment decisions in RE
projects

Neoclassical economics traditionally conceptualises consumer
decision-making through the lens of expected utility maximisation,
wherein individuals rationally evaluate costs and benefits to inform
their choices [42]. However, empirical evidence suggests that actual
behaviour often deviates from the predictions of the rational choice
model, failing to align consistently with individuals' knowledge, values,
attitudes, or intentions [43]. Within the framework of behavioural
economics, scholars [43-45] have identified a range of cognitive biases
and behavioural anomalies that influence individuals' decision-making
or behaviour. The outlined key phenomena include a) Inertia: the ten-
dency to adhere to default or pre-set options, even when superior al-
ternatives exist, often to conserve cognitive effort or time. b) Social
norms and comparisons: the inclination to conform to perceived societal
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standards, as well as the propensity to evaluate one's own performance,
possessions, or well-being in relation to others. ¢) Motivational in-
centives: the influence of both intrinsic (e.g., altruism) and extrinsic (e.
g., monetary rewards) motivators on decision-making. d) Free riding: a
reduction in individual effort when benefits can be obtained collectively
or through the actions of others. e) Trust: reliance on the perceived
trustworthiness of an entity—grounded in experience, expertise,
honesty, and concern for others—which shapes information adoption
and behavioural compliance. f) Availability heuristic: the dispropor-
tionate influence of information that is readily accessible in memory (e.
g. narratives), facilitating quick but potentially biased comparisons
[43]. Lin et al. [46] expanded the cost-benefit framework by incorpo-
rating social influences into their analysis. In their model, perceived
value is conceptualised as a trade-off between perceived monetary and
non-monetary costs and benefits, while social influences are oper-
ationalised as the interplay between social self-image and social norms.
Their findings underscore the substantial role of these factors for using a
new technology, with perceived value emerging as the most influential
determinant.

In social science, studies about intentions to invest in RE projects
reveal that intentions to engage in financing are driven by attitudes,
perceived behavioural control, perceived risks and usefulness [47]. The
authors apply an extended version of the theory of planned behaviour
(TPB), a psychological framework that predicts an individual's in-
tentions to engage in a behaviour (financing green projects). According
to the study, financing green projects is primarily determined by atti-
tudes, subjective norms and perceived behavioural control reflecting the
ease to do so, by evaluation of the regulatory environment, perceived
risk and usefulness of power purchase agreements. The TBP is also used
by [48] to explain intentions to adopt a RE heating system. Huijts et al.
[49] include personal norms (responsibility) and descriptive norms
(decisions of others) as well. Perceived behavioural control encompasses
variables such as having time, control, access to knowledge, subjective
norms the influence of peers and attitudes are captured by statements on
environment, money saving, energy independence, sustainability. The
findings emphasis the significance of having sufficient financial re-
sources, knowledge and time for the adoption of a technology. Further,
attitudes and norms, especially personal norms have a strong influence
on adoption as well. Gamel et al. [50] look into intentions to invest in
wind energy. They find that in addition to the basic variables of the TPB,
a sustainable consumption profile and investor experience in energy
investments play a positive role as regards individuals' intention to
invest in wind energy.

Another theoretical framework is the technology acceptance model
(TAM). A recent study [51] investigates the actual decision-making
process behind adopting smart energy technologies, considering the
role of co-adoption with RE technologies and electric vehicles. They
utilise an extended version of the TAM with attitudes, perceived use-
fulness and ease of use, perceived risks as well as actual use of RE
technology as additional explaining variable. Their regression analysis
reveals that the investment in RE technologies and electric vehicles
significantly encourages the adoption of smart energy technologies, with
electric vehicle adoption having the strongest influence. Combing Davis'
TAM [52] and Rogers' Diffusion of Innovations Theory [53], the
research of [54] finds that perceived usefulness and ease of use of
electric cars is based on individual satisfaction with electric cars or
perceived anxiety, and altruistic assessments such as positive impact on
climate affect. Further studies support that perceived usefulness, ease of
use and risks as well as attitudes and expected benefits are potential
drivers of investment intentions in ET technologies [55,56]. Perceived
financial and non-financial benefits that directly or indirectly explain
the acceptance of local projects are employed by [49,57].

Researchers such as [58] apply the Value Belief-Norm theory (VBN)
to elucidate pro-environmental behaviour. The authors outline that ac-
cording to the VBN individuals are motivated to act when they perceive
both a moral obligation and the capacity to address an environmental
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issue. Further, environmental awareness is closely linked to environ-
mental concerns, which are, in turn, shaped by underlying value ori-
entations. Specifically, biospheric values reflect a concern for nature and
the environment, altruistic values emphasise care for the well-being of
others, while egoistic and hedonic values prioritise personal gain - such
as financial success, power, comfort, and pleasure, respectively.

2.3. Research gaps and focus

The study of [48] reveals that while citizens express a willingness to
adopt renewable heating, they are less inclined to put effort into the
adoption process. According to [59] intrinsic as well as external factors
of monetary and non-monetary nature explain part of the gap between
the intention to adopt a technology and the actual adoption of it.

This study aims to deepen our understanding of the factors moti-
vating citizens to adopt ET technologies or engage financially in ET in-
vestments. Building on economic cost-benefit theory, the study
integrates elements from social science models, conceptualizing
perceived ease of use and usefulness as perceived non-monetary and
monetary costs and benefits. Unlike previous research - which often
looked in general terms at ease of use (e.g., “It will be easy to learn how
to operate...” [51]) and usefulness (e.g., “Smart energy technologies
would be useful for me to...” [51]) -this study adopts a more nuanced
approach. It differentiates between various forms of perceived ease or
usefulness, i.e. non-monetary costs and benefits, thereby providing a
more specific and granular analysis.

Subsequently, the approach expands the concept of benefits by
incorporating positive effects from social self-image [46] and the
fulfilment of social expectations - grounded in subjective norms [48] - as
additional non-monetary benefits when a technology is adopted. Addi-
tionally, the research framework posits that perceived behavioural
control - such as the belief “I have the necessary knowledge to invest in
RE projects” [47] - implies that cognitive efforts to gain the knowledge
or practical efforts needed to engage are counterproductive for decisions
to invest. Consequently, efforts are conceptualised as non-monetary
costs within the model. Building on the work of [51], who incorpo-
rated co-investments as a factor, this study also considers prior experi-
ences with ET investments as a potential determinant. Such experiences
may reduce both the perceived efforts and risks associated with adopting
ET technologies or engaging in ET-related financial commitments. In
alignment with social science research (e.g. [50,511), this study iden-
tifies attitudes towards the ET without considering possible conse-
quences - or, more precisely, individual perceptions of the ET itself - as a
critical factor. To enhance specificity, we are explicitly interested in
perceptions of the ET including specific consequences, rather than
broader or tangential attitudes such as having environmental concerns.

To address our overarching research question — which design ele-
ments of ET technologies or TI motivate citizens to invest - we focus on
the following research items:

1. Cost-Benefit Perception: Which types of monetary and perceived
non-monetary costs and benefits (NMA) are important and might
influence citizens' decision-making regarding FP in the ET?

2. Design Elements of Investment Options: Which design features of
investment opportunities are more (or less) important and decisive in
driving citizens' actual investment decisions (preferences)?

3. Role of ET Perception: How do citizens perceive the ET and its fea-
tures- including its potential consequences - and how is this
perception linked to citizens' investment decisions (support and
approval of the ET)?

4. Experience and Investment Behaviour: Are citizens who have pre-
viously invested in ET technologies or financial assets more likely to
consider additional ET investment opportunities?
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3. Overview of factors driving financial participation
3.1. Monetary and non-monetary costs and benefits

3.1.1. Financial aspects

Play an important role when investing in RE technologies [7,40,60].
Monetary financial aspects include expenditures for operations and
maintenance, financing expenses, as well as subsidies, returns, and
electricity cost savings as benefits from RE investments [61]. Financial
barriers related to investments can arise from various sources, including
the required minimum investment volume (financing limit), the ability
to acquire investments (access and liquidity constraints), and associated
risks. However, returns on investment may be influenced by non-
monetary factors as well such as the provision of a reliable energy
supply (no price volatility) and a long-term life cycle (signalling a long-
term supply).

Perceived non-monetary costs include technical and operational
concerns and uncertainties [60], that may arise from a lack of infor-
mation [61], high technological or regulatory complexity [28]. Subse-
quently, efforts are related to collecting and processing information and
subsequent bureaucratic processes [62], but they may also be caused by
emotional impacts such as stress and anxiety, time pressure and
spending of time, as well as from changes in routines and habits [31].
Collective non-monetary costs are negative impacts on environment and
climate [33] as well as on society itself (social harms or social unde-
sirability [31]).

Table 11 in Annex A.1 summaries the various NMA discussed in
various studies. We categorise non-monetary costs associated with
investing in technology into physical, behavioural, cognitive, and psy-
chological efforts or dimensions drawing on individuals' resources. To
date, there is no comprehensive framework that encompasses these di-
mensions in a barrier analysis.

These efforts are counterbalanced by perceived non-monetary
benefits for oneself and for others. Non-monetary benefits encompass
individual factors such as having a positive self-image [46], feeling good
using a technology [28], being autonomous in energy supply [28], social
recognition, lifestyle, practicality [31] and satisfaction. These individ-
ual benefits are self-centred benefits, i.e. benefits addressing hedonic
and egoistic values of individuals [58], and satisfying the respective
desires. Collective benefits include the protection of environment,
climate [33] or social desired outcomes [31] signalling a biospheric and
altruistic orientation of an individuum, such as highly valuing envi-
ronmental and climate benefits, benefits for communities [63] or other
members of the society [58]. The collective benefits do not have an
immediate financial impact for the respective individuum. However, in
economic terms, they affect an individual's utility function. Schall [30]
calls these positive effects a psychic return, while [64] put them under
the umbrella of value propositions.

Perceived positive net benefits are drivers of FP of citizens. In other
words, perceived benefits of individuals or communities from in-
vestments into wind power is found to trade off the costs and negative
impacts of local wind projects [7,65].

3.2. Preferences for design elements of investment

In economics, preferences present a person's subjective evaluation
and ranking of different options, e.g. bundles of goods [42]. The eval-
uation might be shaped by a person's specific circumstances such as
experiences and knowledge [49] or other factors such as labelling [66].
Understanding preferences helps to explain how individuals make their
choices. In this paper, the focus is on preferences for selected features or
design elements of investments in ET technologies. Looking into litera-
ture, we obtain a long list of design elements and respective character-
istics of various RE investments. They include a variety of perceived
costs and benefits that incorporate financial, social, environmental,
hedonic aspects of those investments [34,35,67], perceived risks or
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uncertainties [47,55]. However, perceived risks and returns on invest-
ment are found to be the most important by [29].

In addition to a literature review, about ten representatives of sci-
ence, society, politics and industry were asked to list design elements of
RE investments in the framework of a workshop. The results of the
workshop and literature review are presented in Table 10 in Annex A.1.
We classified the design elements into perceived risks [37], perceived
positive ecological and social impacts [33,68], individual benefits (self-
determination [68], ease (simple acquisition [69]) and co-ownership
[371].

3.3. Approval and support of the energy transition

In numerous studies, attitudes are identified as key factors influ-
encing the acceptance of technologies [70,71]. In essence, acceptance
models encompass three dimensions to explain acceptance: the attitude
dimension, the action dimension, and the normative dimension. [72].
Generally, attitude is an individually motivated opinion or state of mind
an individual has about a certain event, behaviour or action of others
and may or may not be aligned to prevailing norms [59,73]. Gamel et al.
[50] use attitude as an affective term reflecting feelings about wind
energy without considering possible impacts. Attitudes can result in
actions, such as adoption of behaviour or technology. Regarding adop-
tion (here: referring to investments in technology), we find only an
implicit definition of the term, for example in [52], implying the se-
lection of a technology by an individual or organisation for use as
adoption. References of the link between acceptance and adoption are
made e.g. by [74,75] or [76], who use the term adoption in connection
with the acceptance model. Huijts et al. [49] differentiate between
consumer and citizen acceptance, the latter referring to the purchase
and use of technological innovations. These findings imply that attitude
and adoption could be considered either integral parts of acceptance,
and thus as one construct, or elements of a longer process. According to
[77], acceptance could be understood as the combination of an attitude
and the respective intention to act accordingly, i.e. the expression for the
intention to invest in a certain technology or to adopt a certain behav-
iour. To differentiate between the various forms or connotations
regarding attitudes, adoption and intentions, we use a framework which
encompasses two dimensions:

3.3.1. Action dimension

It differentiates between a passive but positive attitude towards the
ET - termed approval - and a more active, supportive stance, referred to
as support of the ET. This distinction aligns closely with the con-
ceptualisation (passive versus active) of Schweizer-Ries [78] in accep-
tance research.

3.3.2. Specificity (or scope of impact) dimension

This dimension includes a cognitive element [50] and captures an
individual's attitude towards measures of the ET based on their scope of
impact. It contrasts i) localised or targeted measures which directly
affect a limited (geographically) confined number of persons (e.g. on-
site, immediate effects or specific interventions such as mandatory
connection to a district heating network), with ii) generalised measures,
which have a broader, general effect on the population, e.g. non-site
specific measures, universally applicable policies such as the RE Levy
in Germany. In acceptance research, this differentiation is commonly
framed as local or community acceptance versus socio-political accep-
tance of the ET, a distinction originally articulated by [79].

In this study we apply these two dimensions to differentiate between
approval and support of the ET. Both reflect a positive perception of the
ET: Approval stands for a tolerating positive attitude towards specific or
general effects of the ET and comprises effects of direct financial
(financial approval), direct non-financial (non-financial approval),
and general (general approval) nature. Support of the ET refers to the
readiness to become active, either to invest (financial support), or to
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actively support the ET through changing routines and practices to save
energy (non-financial support).

4. Methodology
4.1. Research framework

This study aims to identify and analyse the key preferences that
citizens prioritise in the design of investment options related to the ET as
well as the specific costs and benefits that citizens associate with the
investments.

First, this implies understanding how important different types of
NMA are to citizens when considering ET-related investments. This in-
cludes also preferences for designs. Therefore, we used an online survey.
In this survey, respondents were asked to identify and select key char-
acteristics and preferred design elements of various investment options.
This approach allowed us to systematically capture the key design ele-
ments that citizens prioritise when considering FP in ET projects.

Second, we strive to understand how strongly perceived non-
monetary aspects affect investment decisions. Therefore, we employ a
model similar to the framework utilised by [51] and combine explaining
factors from social and economic science. The model should explain
which factors drive investments of citizens in ET-related investments.
Thus, the dependent variables are actual investments — technology
(TD) and financial (FI) investments. As explanatory variables, we
include several variable groups that have been utilised in previous
studies as well:

approval and support (see Table 4) encompassing general approval
[47,50,51] and expanding to financial and non-financial approval
and financial support.

preferences of respondents for design elements of investments (see
Table 3) including environmental and risks aspects [47,56] as well as
additional altruistic and self-centred orientations [68,80,81].
financial and perceived non-monetary costs and benefits
(NMA). They are represented, for example, by perceived character-
istics such as technological complexity, contribution to climate and
environmental protection, autarky [33,54], efforts as well as indi-
vidual and collective benefits [28,68,82] as outlined in Table 2.
co-investments, i.e. investments in the respective other forms of
investments [48,51].

control variables (age, income, education, employment, household
size, location and ownership of dwelling) are included as well.

4.2. Data collection

Our research methodology involves an online survey of households
across Germany, conducted in the framework of a research project (see
[8]). The questionnaire (see Annex A.2.1) comprises items on socio-
economic characteristics, actual and intended investments, support
and approval of the ET, preferences and perceptions of NMA. It was
reviewed by experts, and a pretest has been conducted. For the fielding
and administration of the survey, a professional market research insti-
tute was commissioned. To receive representative samples, quotas were
applied for age, gender and net income. The survey was conducted in
January 2024 and about 2100 participants had been approached. To
ensure high data quality, we implemented several control items and
excluded speeders (5% with shortest response time, see A.2.5). The final
data only includes only those respondents who correctly answered all
control questions. This stringent selection criteria were implemented to
ensure data integrity by confirming that participants carefully read and
thoughtfully responded to the survey questions. Excluding inattentive or
careless respondents is critical, as their inaccurate or inconsistent re-
sponses could otherwise introduce systematic biases or distortions in the
dataset, compromising the validity of the analysis. A detailed overview
of the sample is shown in [8]. Further information about the data and
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questionnaire is included in Annex A.2.2.

4.3. Questionnaire

The questionnaire was developed as part of a technology assessment
project. Its structure, design, data collection methodology — including
pretesting - are detailed in Annex A.2.1 to A.2.3.

The questionnaire incorporates three distinct types of questions to
capture respondents' preferences and perceptions:

e Likert-scale statements where respondents are asked to express their
(dis)agreements. This approach allows for the measurement of atti-
tudinal dimensions.

a selective and exclusive ranking where respondents are instructed to
select 4 to 5 items out of set of 15 to 19 items to gather robust and
interpretable data while minimizing the risk of low-quality responses
due to cognitive overload (see Annex A.2.1 for further details).

and a full ranking, where respondents were required to rank all items
(5 to 6). Such a comprehensive ranking allows for a detailed un-
derstanding of relative preferences among a limited number of
characteristics, ensuring a sound analysis.

The respondents had to complete a selective and exclusive ranking
for the preferences and characteristics of three TI and five FI. The order
of the items remained constant across all participants. However, control
questions were integrated into the ranking design to verify that re-
spondents engaged thoughtfully with the task and selected items based
on their true preferences, rather than defaulting to the first five items
presented (see Annex A.2.4 to A.2.6 for more details).

4.3.1. Financial participation — The dependent variables

In the survey the respondents were asked to indicate their actual FP
as well as their willingness to invest. The items of the questionnaire
addressing the two forms of FP are depicted in Table 1. For TI we have
three items, and for FI four items in the questionnaire. However, in the
analysis, the focus is on three items (solar, REH, e-car) for TI, and for FI
on the acquisition of shares in wind or solar power projects as citizens
are especially committed to these technologies [12] or green investment
funds (REI) as citizens are familiar with these types of investments, and
energy community membership (EC) as outlined in Table 1.

Table 1
Items addressing financial participation.

names of variables (in bold) and items (in italic)

technology investment (TI): financial investment (FI):

solar power investment: Do you have o REI: Have you invested money, e.g. in a
a photovoltaic and/or solar thermal wind farm or a large ground-mounted
system on the balcony or roof of the Pphotovoltaic system, in an ecological
house where you live? investment or environmental fund?

e e-car: Do you have your own electric e EC: Are you a member of an energy co-
car at home? operative or a community solar park or
e REH: Do you use a heat pump or wood- community wind farm?

pellet boiler or biogas boiler in the e C: Have you participated in a crowd-
building in which you live? financing'" program for the use of
(Annex A.2.6 question 2a, d, e) renewable energies or energy efficiency?
RET: Have you invested in shares in solar
module manufacturers or wind turbine
manufacturers?
(Annex A.2.6 question 2b, ¢, f, j)

Source: own depiction based on Breitschopf et al. 2024. Note: RE: RE project; in
addition, non-financial and general support of the ET is also addressed in the
questionnaire; multiple answers are possible for TI and FI. REH stands for RE
heating and includes heat pumps, wood or pellet or biogas boilers. A frequency
distribution of FP is displayed in Annex A.4.

! Crowd financing is also known as group financing and is financing by many
(even smaller) investors. This allows money to be raised for projects that does
not come from banks.
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4.3.2. Perceived non-monetary costs and benefits
We classify costs and benefits into three categories (Table 2):

i) non-monetary costs or effort: in the context of investment decision-
making, efforts reflect perceived (non-)ease) of use and are differ-
entiated into several distinct groups: for TI into behavioural
(required to execute an investment transaction and use of the tech-
nology), mental (psychological stress or emotional burden associated
with the decision), cognitive (efforts needed for information pro-
cessing and comprehension of investment conditions) or physical
(manual or logistical action, or construction work and cleaning); for
FI, organisational (coordination and administrative issues) and
informational (search and acquisition of relevant data) efforts.

These groups collectively represent individual transactional costs or
efforts and serve as proxies for the perceived ease of use of the invest-
ment. For the descriptive analysis, this differentiation is employed to
provide a detailed and nuanced understanding of how each type of effort
influences investors decisions.

ii) non-monetary benefits are specified aspects that reflect the
perceived usefulness of technologies. They represent positive
outcomes of investments encompassing collective, environmental
and individual non-financial benefits. Individual benefits can be
of i) hedonic nature: actions providing high comfort, or entailing
positive feelings or pleasure from owning, using, being admired —
often expressed by: “it's cool or great...”-, or ii) egoistic nature
that includes actions contributing to social power, increasing
wealth, authority, influence and satisfy ambitions and make
oneself better off. Collective benefits result from an altruistic
orientation (benefit for others e.g. municipality, care for certain
societal groups) while environmental benefits come from a
biospheric orientation (caring for environment and climate). This
grouping is grounded on the value propositions that arise from TI
and FI and align with the frameworks of [58,82,83].

iii) financial aspects that comprise monetary costs or benefits and
reflect egoistic aspects that contribute to making oneself better
off. They include short-term liquidity facilitated by the ease of
transferring of ownership, low required minimum investment
thresholds, and liability considerations potentially influencing
perceived risk exposure. Although autonomy in energy genera-
tion and consumption and long-term use of the investment (e.g.,
secure energy supply) indirectly or inherently involve financial
implications, we classify them as non-monetary benefits. This
categorisation reflects their role in providing intangible value —
such as energy independence and resilience - beyond immediate
monetary returns. To establish a comparative baseline for NMA,
we include core monetary factors such as expected return and
risks, investment and O&M expenditures. They serve as key in-
dicators for investment decisions, as they have a direct and
quantifiable impact on the financial outcomes of RE projects.

In the survey, the respondents are asked to select five items (Table 2)
that they strongly associate with the respective TI or FI (perceived
characteristics) and rank them according to their individually perceived
relevance. This selection and ranking must be conducted for each “in-
vestment” (solar PV, heat pump, electric car, commercial or municipal
wind park and district heating, membership in an energy community).
Non-selected items receive zero ranks, while selected items are assigned
ranks from one to five with five representing the best choice and one
representing the least favoured selected item (coded).

4.3.3. Preferences for specific design elements of investments and attitudes
towards the energy transition

Respondents were asked (see Annex A.2.6, question 7) to select and
rank the four most important design elements of FP from a list of 15

Table 2
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Items in the questionnaire for financial, non-monetary costs and benefits.

Question in the survey: Please select the 5 characteristics that you associate particularly
strongly with investing in ..... and indicate your ranking (1 = weak association, 5 = very

strong association):

technology investment

financial investment

category grouped variables (in bold) and items in the questionnaire (in italic)
(selection and ranking of 5 items across categories)
perceived o individual efforts o individual efforts
non- o requires great deal of o time and organisational
monetary organisational efforts efforts for investment/before
costs (organisational) investment is made

o low uncertainties in using, (organisational)
as familiarity with or o high informational efforts
experiences are made for investment/before
(mental) investment are made

o requires changes in (cognitive)
behaviour when using o responsibility and liability
(behavioural) (psychological, mental)

0 requires conversion o intensive exchange of
measures or clean-up work experience and knowledge
for use (physical) with others (social)

o requires high technical
knowledge when using
(cognitive)

o entails high responsibility of
users when operating
(psychological, mental)

o requires exchange with
others on experiences and
know-how (social)

perceived ¢ individual non-monetary e individual non-monetary
non- benefit (hedonic) benefit (hedonic)*
monetary o it is cool, my friends think o high level of social
benefits it's cool as well (pleasure involvement and
from “its's cool”) participation (pleasure

o it is a great feeling to use from social interactions &
something like this (good participation)
feeling from “great to o it is just cool to be part of it,
use™) and my friends think it's cool

o collective non-monetary as well** (pleasure from
benefit (altruistic)* peer acceptance)

o Positive impact for socially o itis a great feeling to be part
disadvantaged groups when of the EC* (good feeling,
utilised (social benefits) great feeling)

o Positive impact for local o collective non-monetary
community when utilised benefit (altruistic)
(community benefits) o Utilisation of profits for

e environment non- local communities and
monetary benefits citizens (social benefits)

(biospheric): high o Utilisation of profits for

contribution to environment socially disadvantaged

and climate groups (community

e security (individual, benefits)

egoistic benefit) e environment non-

o long useful life of the monetary benefits
investment (long-term use) (biospheric): high

o high degree of contribution to climate or
independence, autonomy, environmental protection
self-determination (high e security (individual,
autonomy) egoistic benefit)

o long utilisation/investment
period of the investment
made (long term
investment)

o high self-determination and
local security of supply
(autonomy)

perceived o liquidity o liquidity:
financial o good transferability or o good transferability or resale
aspects resale of investments to of investments to others

others (easy transfer)
o low minimum investment
volume (low threshold)

(easy transfer)
contribution with low
investment amount possible
e.g. 100 Euro (low
threshold)

(continued on next page)

o
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Table 2 (continued)

Question in the survey: Please select the 5 characteristics that you associate particularly
strongly with investing in ..... and indicate your ranking (1 = weak association, 5 = very
strong association):

technology investment financial investment

category grouped variables (in bold) and items in the questionnaire (in italic)

(selection and ranking of 5 items across categories)

o low risks: low risk of loss or
low default

e costs: high investment and
O&M expenditures

o low risks: low default risk of
investment

e return: high return, rapid
repayment (payback time) of
the investment

Source: own composition based on literature review (see Annex Al, Table 11:
overview on NMA).

Note: see: Annex A.2.6 questions 4 and 6. For TI the respondents indicate the
perceived NMA of e-car, PV and HP. For FE, they select and rank the perceived
NMA of commercial and municipally co-owned WP and DH, as well as of EC. *
only for EC.

**The statement - “It's cool, and my friends think ....” “It's a great feeling to be
...” - primarily conveys a sense of hedonic pleasure. It reflects the personal
enjoyment or satisfaction derived from owning or using the item, which is
further reinforced by the shared positive perception of peers. While peers'
agreement may add to the experience, the core sentiment revolves around the
individual's pleasure (e.g., excitement, pride, or joy), aligning it with hedonic
benefits. Thus, this statement is categorised under hedonic value rather than
social approval or recognition.

items, as well as to select the preferred type of ownership. The preferred
design elements and the respective questions are listed in Table 3
including the name of the variables and questions. The listed items are
the result of a literature review and workshop results as outlined in
Annex A.1.

By answering this question, respondents reveal their preferences for
design elements or features of potential ET investments. A maximum of
four ranks can be assigned. Non-selected items receive zero ranks, while
selected items are assigned ranks from one to four, with four repre-
senting the best choice and one representing the least favoured selected
item.

We group the “preference-items” to reduce the number of variables
for the econometric analysis. For instance, the variable “social aspects”
comprises four items reflecting social issues.

As outlined in section 3.3, we utilise various forms of approval and
support. The corresponding questions are presented in Table 4. To
represent general approval, we calculate the means of the responses
(statements) to questions a) and b).

4.4. Analytical approach

We conduct a descriptive analysis to gather evidence on respondents'
support and approval, preferences, and perceived NMA, as well as their
actual and intended FP. To identify differences in statements between
socio-economic or demographic groups, we apply non-parametric tests
such as rank tests (Wilcoxon sign-rank test or Kruskal-Wallis rank test)
or the Chi%-test in STATA.

The econometric analysis, conducted using STATA, utilizes explan-
atory variables derived from the grouped variables presented in Table 2
and Table 3 as well as the variables outlined in Table 4. The endogenous
variables are specified in Table 1. For grouped variables, the value is
determined by the maximum value within each respective group. The
grouping process is detailed in Annex A.3.1.

Following our dependent variables (Table 1) for the econometric
analysis, we use for TI the adoption of:

i) e-car including perceived NMA of an e-car,
ii) solar including perceived NMA of PV roof-top
iii) REH including perceived NMA of heat pumps.
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Table 3
General preferences and their implementation in the survey.

Items in the questionnaire: grouped variables

Question in the survey: If you have the opportunity
to invest in the energy transition, e.g. investment in a
PV system, heat pump, participation in a wind farm,
membership in a cooperative, etc., which 4 criteria
would this investment have to fulfil for you to proceed
with the investment? (see Annex A.2.6 question 7
and Annex A.3.3)

(selection and ranking of 4 items —
ordinal variable)

e climate protection

e environmental protection

own energy generation and supply

o self-determination and say in operation and

investment

involvement of municipality in the investment

interactions with acquaintances, friends,

municipality

energy sharing with others for a small fee

contributions to the investment should be possible

in form of personal contribution, in kind

no responsibility for operation and maintenance

no structural changes, additional work due to

tidying up and cleaning

simple acquisition without a lot of time and

organisation, as well as no liability for use

(very) low risks and returns, (small) medium

investment amount

no uncertainty regarding returns, costs, use of

investment

Question in the survey: Which of the options listed
would you prefer to invest in or less? Order from 1
to 5 (see Annex A.2.6 question 5 and Annex
A.3.3)

ecological aspects

self-determination (individual
aspects)

social aspects

simple acquisition (ease of use)

risk aversion

(ranking of all items from 1 to 5 —
categorical variable)
preferences

commercial district heating
municipal district heating
commercial wind park

municipal wind park

energy cooperative or community

e o o o o

Source: own depiction based on a literature review outlined in Annex Al,
Table 11: overview of potential design elements of FP; Note: reference to Annex
A.2 questions 5, 7 and 8. Codes of variables outlined in Annex A.3.3.

Table 4
Approval and support of the ET — implementation in the questionnaire.

variables (ordinal
variable)

Question in the survey: Do you agree with the following
statements? (strongly agree - strongly disagree; 5 Likert
scales):

e we need a consistent switch to RE, even if it requires a lot
of investment

e overall, I see the ET as positive for society

(Annex A.2.6 question la and 1b, see [57])

e [ am willing to pay slightly higher energy prices to
achieve the ET (for a climate-friendly, green electricity,
heat and/or mobility)

(Annex A.2.6 question 1c, see [7])

e in order to achieve the ET, I also tolerate wind turbines
from private investors within 1 km of my home

(Annex A.2.6 questionld, see [84])

e I am generally willing to invest in energy efficiency
(thermal insulation) or RE (photovoltaic system) myself
in order to contribute to the ET

(Annex A.2.6 question le, adjusted based on [7])

general approval (average
of both items)

financial approval

non-financial approval

financial support

Source: own depiction, based on [7]. Note: ET: ET; Original questionnaire is in
German; Kronbach's alpha is >0.8.

For FI we employ the investment in:

i) REI with the perceived NMA of a commercial wind park,
ii) EC with perceived NMA of EC
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To identify the factors driving FP, we estimated a logit regression
using the statistical software STATA (see Annex A.3.2). The model re-
gresses FP on variables representing support and approval, preferences,
control variables, co-investments, and perceived NMA. It is depicted in
Formula 1, and the variables are specified in Annex A.3.3.

The generic model of our logit regression is:

Formula 1 : log(P(Y=1)/(1-P(Y=1))

=+ Py X1+ By Xo+ -0 + Py Xic

5. Results

The final data set encompasses 895 respondents out of the initial
2000 participants. About 50% of the respondents needed 13 min or less
to answer the questions. For quality reasons, about 55% of the re-
spondents failed to answer all control questions properly or were among
the 5% fastest (less than 5 min) in completing the questionnaire (see
Annex A.2.5 for more information). Despite this reduction of the data
set, the remaining data is representative of the German population with
respect to age, sex, income and federal states (see data in [8]). The scale,
dimensions, calculation or composition and code of variables are listed
in Annex A.3.3. We conduct a descriptive analysis to get evidence of the
stated preferences, approval and support, and the most relevant NMA
that citizens associate with FP. The econometric analysis shows which
preferences and non-monetary benefits actually matter for FP in relation
to approval, support and socio-economic control variables.

5.1. Descriptive results of the survey

5.1.1. Financial participation

Our study shows that the largest share of TI has taken place in the
form of investment in solar energy (20% of respondents have solar
modules on their roof or balcony). However, this differs by home
ownership: 44% of house owners have installed a PV balcony or roof top
module. This share is decreasing from owned (24%) to rented (6%)
apartments. Regarding all installed PV installations in the sample, the
highest share (66%) is on houses owned by the respondent (see [8]).
14% of respondents have a renewable heating option. Among those re-
spondents that own their house, 28% have a RE heating option, but in
rented apartments, only 5% dispose of RE heating. However, compared
to the total number of RE heating options in the sample, 61% are
installed in houses owned by the respondent (see [8]). About 9% of the
respondents have an electric car. The data on TI is comparable to the
findings of the KfW study [85]. Socio-economic or demographic data of
the sample and the respective data for Germany are published in [8].

Regarding FI around 10% of respondents have invested in shares of
an RE project, while membership in an energy community or partic-
ipation in crowdfunding is still low at around 4% of respondents each.
On the other hand, investment in energy-efficient appliances is high at
62% of respondents (see [8]). Members of energy communities are likely
(p < .01) to live in cities or own their homes. Shareholders and investors
in crowd-financing show a low tendency to live in cities (p < .1). All
investors tend to have a net income of more than 4000 Euro per month
(p < .001) and an academic education (p < .05).

Taking the total of TI and FI and investments in building efficiency,
we have about 63% respondent not having invested in any of these
options (see Table 12 in Annex A.4). Significant characteristics of in-
vestors are Respondents with a small solar module (p < .001) or
renewable heating option (p < .05) are likely to live in a rural area, those
with an electric car in cities (p < .001). Respondents between 20 and 40
years are more likely to have an electric car, renewable heating option or
solar modules.

5.1.2. The action and scope dimension
The general approval of the ET is very high at 69% (Table 5), while
the approval of financial impacts (financial approval) resulting from ET
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policies is low at 36%. In contrast, non-financial approval amounts to
60% agreement. Respondents' levels of approval vary by their socio-
economic background: Respondents living in rural areas are more
likely to reject financial burdens (financial approval). The willingness to
accept a nearby wind farm is higher among respondents with a higher
income.

We find financial support for the ET is at 51%, while 58% of re-
spondents indicated non-financial support. Respondents from different
socio-economic backgrounds exhibit varying levels of support for the
ET. Based on a rank test (p < .05), financial support is significantly lower
among people who are older, live in rented accommodation or have a
low income. Adapting consumption to the availability of renewable
electricity (non-financial support) is higher among respondents living in
cities. There are also significant differences between respondents with
different incomes and home ownership, but no clear trend. Overall, the
higher the number of investment activities, especially for the adoption of
technology,’ the stronger the support of the ET (p < .0001).

The difference between financial approval and active financial sup-
port is striking and underscores the validity of our conceptual frame-
work. Our findings suggest that active financial support — unlike mere
approval - emerges as the result of a deliberative weighing process, in
which individuals balance both monetary and non-monetary costs and
benefits (e.g., perceived sustainability, collective and individual bene-
fits) associated with their investment intentions. While financial
approval primarily emphasises financial costs and involves fewer indi-
vidualised or specific benefits, financial support might be the result of a
balancing process. In this process, individuals might weigh not only the
financial costs but also the individual efforts required against the highly
specific and personalised benefits (individual, collective and environ-
mental benefits) they expect to receive.

5.1.3. Preferences

Looking at preferences for co-ownership of FI, we find a prefer-
ence for participation in an EC (42%) over a commercial WP (32%), and
for municipally co-owned DH (52%) over a privately owned one (24%)
(see [8] for details). Respondents rank energy communities, WP or DH
co-owned by municipalities as their top three investment options, with
29%, 20%, and 22% choosing them as their first preference, respec-
tively, and 16%, 28%, and 26% as their second preference. In contrast,
they consider commercial WPs the least preferred option (p = .000).
These findings underscore the general significance of municipal co-
investments for citizens' engagement, extending beyond the context of
energy communities as studied by [23] or [48]. Significant differences in
preferences exist between income groups: higher-income groups reveal
a slightly higher preference for investments in commercial projects than
low-income groups (p = .06). Those owning a small solar power plant
show a significant preference for municipally co-owned WP projects
(mean rank = 3.3 vs 2.2, p = .000) or DH (mean rank = 2.9 vs 2.5, p =
.011), and less for commercial projects. Those having acquired a share in
a RE project reveal a stronger preference for municipal co-ownership
than those without (mean rank = 3.4 vs 3.0, p = .0095).

Based on a ranking of preferences for design elements of TI and FI,
(see Fig. 3 in Annex A.5) we find a very high importance of the key
attribute self-supply. The second rank is attributed to the contribution to
climate protection, closely followed by low-risk preferences. The least
important are potential interactions with friends, a contribution to the
investment in kind, to possibility of energy sharing. The results answer
part of our research focus 2.

Respondents owning a small solar energy generation unit (p =.072),
living in villages or towns (p = .024), or owning property (p = .0594)
have a stronger preference for self-supply than respondents living in a
rented dwelling, urban areas, or without owning a small solar energy
generation unit. Climate impacts of the investment are more important

1 adoption = sum of investments into solar module, heat pump, electric car.
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P (Y=1/X) = probability of the outcome occurring
14 = dependent variables:
= Tl (solar energy, RE heat, e-car)
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FI (energy community membership, commercial wind park)

X1, Xz.....X, = independent variables (predictors):

= socio-economic control var (age, income, education, ownership, location, employment)

» support and approval

= co-investment (solar energy, RE heat, e-car, Fl)

= preferences = max of the groups (ecological, self-determination, risk-aversion, social as-
pects, simple acquisition), peference options (share in energy community, commercial or
municipal wind power, commercial or municipal district heating)

perceived NMA per PV roof top, heat pump, e-car, EC, comm. WP = max of the groups

(costs, security, low risks, liquidity, return, individual efforts, individual benefits, collective

benefits, environmental benefits).
= intercept
= regression coefficients

o
Bi. Bz .....Bx

Table 5
Approval and financial support of the energy transition.

action

approval support
specificity or scope general 69%
financial 36% 51%
non-financial 60% 58%

Source: own depiction based on survey data.

for those who acquired a share in a RE project (p = .015) or live in large
cities (p = .0064).

Non-investors in RE shares (p = .0039), females (p = .035), low-
income groups (p = .0107) or non-academics (p = .0001) display a
higher risk aversion than their respective cohort groups.

5.1.4. Perceived monetary and non-monetary costs and benefits

The significance of the perceived costs and benefits that respondents
associate with PV roof top, heat pump and e-car is illustrated in Fig. 1. It
shows the frequency of selections (as a share of the maximum number of
selections, which is equal to 5 times the number of respondents) and
assigned ranks (colours) for the case of heat pumps. Results for e-car and
solar PV are shown in Fig. 4 in Annex A.6.1. The shares vary between
technologies:

e within financial aspects, the most perceived features are costs,
primarily costs of HP, but also of e-cars, and to a smaller extent of
solar PV. Respondents assign costs very often a rank of 1 and 2, thus
signalling that they are perceived as first-order drivers or barriers.

e non-monetary benefits ensuring environmental benefits and supply
security (independence and long-life cycle) are highly ranked in all
three technologies, often rated second most frequently with rank 1.
The least frequently selected and perceived characteristics are peers'
approval of the technology and the social contribution, while a great
feeling of owning the technology is seen as important for e-car and
solar PV.

e within the group of non-monetary costs, we find a high perceived
importance of construction works when investing in HP, followed by
solar PV and e-car. A similar order applies for responsibility for
operation. Behavioural changes are perceived as the most relevant
characteristics for e-car. Cognitive efforts are mirrored by a high
need for technical know-how and is the third important character-
istics for HP and solar PV, and fourth for e-car. Overall, non-
monetary costs are perceived as relevant but are selected with
lower ranks of importance than financial aspects and benefits. Thus,
they are second- or third-order drivers or barriers.

Fig. 2 illustrates perceived monetary and non-monetary costs and

benefits that the respondents associate with energy communities (for
commercially or municipally co-owned WP and DH see Fig. 5 in Annex
A.6.2.). The length of the bar shows the frequency of selection as a share
of the maximal number of selections. The different colours indicate the
assigned ranks per variable. The shares vary between the financial
assets:

e benefits are dominated by climate and environment protection,
which are even selected more frequently for investments with
municipal co-ownership or citizen-owned projects, while for com-
mercial projects respondents value this feature less, especially for
wind onshore. A large share of respondents assigns a rank of 1 to
climate and environmental issues. Also highly rated are positive
impacts on municipality, a long-term perspective and self-control
and self-supply of non-commercial projects.

e among financial aspects, commercial projects are consistently rated
highly in terms of returns, whereas non-commercial projects are
characterised by a positive perception of low investment volume and
minimal risks. Similar to TI, a high proportion of respondents assign
the highest ranks (1 or 2) to financial aspects. Consequently, these
factors are identified as primary barriers or drivers of FI, following
considerations related to climate and environmental issues.

e non-monetary costs are perceived and selected at the lowest level
in projects with municipal participation. However, information
needs appear to be a concern for both investments in commercial
projects and energy communities.

The results give evidence that perceived non-monetary benefits, i.e.
usefulness and financial aspects are likely drivers of investments while
perceived efforts or ease of use play a selective role (research focus 1).

5.2. Econometric analysis

The detailed results of the econometric analysis are presented in
Table 6 and Table 7 for TI and FI, respectively. The purpose of this
analysis is to illustrate the relevance of co-investments, preferences,
benefits and efforts, approval and support of the ET and socio-economic
characteristics in shaping investment decisions related to TI and FI. The
items are group as outlined in Section 3.1and 4.3.2. This reduces the
explanation power of this model, while the descriptive analysis has
benefited from this type of question.

Several control variables and preferences are included as categorical
variables, with one characteristic designated as the reference category.
The variance inflation factors (VIF < 5) suggest that the predictor var-
iables are not highly correlated to each other in the respective models.
Furthermore, the conceptual overlap is small, because items that mea-
sure the same underlying construct (e.g. individual benefits) are repre-
sented by one variable. Coefficients around zero indicate no change in
the odds by an increase of the variable by one unit. A coefficient >
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selected and ranked characteristics of heat pump

high responsibility for O&M
high level of organisation/n.n
need of behavioural changes

need of technical know-how

need of construction works
exchange of experiences and knowledge is needed

non-monetary costs

mature and well proved technology

pleasure from "it's cool"

great to use (good feeling)

positive effect for municipality

positive effect for socially disadvantaged groups
high protection of climate and environment

high degree of autonomy, independence

non-monetary benefits

long life cycle
easy transfer of ownership
low minimum investment volume

low risks of loss or interruption

financial
aspects

high investment, operation and maintenance...

rank 5 mrank4 rank 3 rank2 mrank1

0% 5%

10% 15%

shares of ranks

Fig. 1. Shares of selections by ranks - perceived characteristics of investment in a heat pump.

Source: own depiction based on survey data.

Note: organisational needs and positive effects for municipality are not available for electric car, and heat pumps, respectively.

Since the ranks 1 to 5 can only be assigned once, the maximum number of selections is 5 times the number of participants of the survey. Thus, the selected
characteristics are presented as a share of the maximal potential number of selections. Reading: “high investment, operation and maintenance” have received about
13% of the max. selections, and about 11% are of rank 1, 1% to rank 2, 0.5% to rank 3, 4 and 5, respectively. The order of the design elements in this graph

corresponds to the order of the items in the questionnaire.

0 (<0) signals that one-unit increase of the variable will increase
(decrease) the odd of investing by x%.

5.2.1. Technology investment (TI)

Regarding TI, the econometric analysis reveals that dwelling
ownership and co-investment (research focus 4) exhibit the strongest
significant relevance, while perceived non-monetary costs (efforts) and
benefits show varying significance across technologies, with low to
medium-sized effects (research focus 1). Regarding preferences
(research focus 2), the results reveal a high significance of ecological and
non-financial aspects for heat pumps while risk aspects and security of
supply are insignificant. The results suggest that specific characteristics
of technology investors — preferences and perceived NMA, support and
approval, co-investment and socio-economic characteristics - enhance
the likelihood of technology acquisition. These characteristics are pre-
sented in Table 8.

Investors into solar energy roof top or balcony modules are likely to
have an academic education, owning an own house and having a larger
household than non-investors. Further, investment in FI, RE heat or
electric car is significantly linked to solar energy investments (research
focus 4). Potential investors with a preference for municipal investments
(here district heating), are less likely to invest in solar energy. This
suggests a focus on self-supply of PV-module owners. Other preferences
are insignificant (research focus 2). Investors who perceive solar energy
investments as long-term commitments that require considerable effort
in usage are less likely to invest in this technology (research focus 1).

10

Positive financial support correlates positively with investment de-
cisions, while general approval of the ET is insignificant (research focus
3) for its acquisition.

Regarding RE heating, age and not owning a house are negatively
correlated with investments. Similarly to solar energy, co-investments in
financial assets or solar energy are drivers (research focus 4) while
ecological and simple acquisition preferences for design elements of
financial assets are rather reducing investments in RE heating, and se-
curity of supply and risks insignificant (research focus 2). On the other
hand, investors that link a secure heat supply (security) and low risks as
well as individual and environmental benefits with heat pumps, are
likely to invest in RE heating (research focus 1). Finally, positive
financial support correlates positively with investment decisions, gen-
eral approval is insignificant (research focus 3).

High net income, home ownership (opposed to renting) and resi-
dence in a larger city are potential characteristics of e-car owners.
Similarly to RE heating and solar energy, co-investment in financial
assets and solar energy generation are strongly related to e-car adoption
(research focus 4). Electric vehicle usage does not correlate with any
preference (research focus 2). Investors that link individual efforts with
e-cars are likely to invest less in e-cars while investors linking individual
and environmental benefits with e-cars are more likely to invest
(research focus 1). Financial and general support of the ET do not play a
role while financial approval negatively correlates with e-car adoption
(research focus 3) suggesting an increasing support for the ET is not
likely promote the acquisition of an e-car.
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selection and ranking of perceived characteristics of energy communities
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E pleasure from social interactions |
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high self-control m ]
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0% 2% 4% 6% 8% 10% 12% 14%

shares of ranks

Fig. 2. Perceived characteristics of membership in an energy community - shares of selections by ranks for the case of energy community.

Source: own depiction based on survey data.

Note: The maximum number of selections is 5 times the number of participants of the survey. Thus, we derive the selections per characteristics as a share of the
maximal number of selections. Reading: “high protection of climate and environment” have received about 10.5% of the max. selections, and about 8% of the
selections are assigned to rank 1, 1% to rank 2, while 0.5% of the selections are allocated to rank 3, 4 and 5, respectively. The order of the design elements in this

graph corresponds to the order of the items in the questionnaire.

5.2.2. Financial investment (FI)

As regards investments in FI (see Table 9), the strongest and most
significant impacts have the low preferences for commercial projects
(wind power or district heating). The lower these preferences, the higher
the likelihood of investing in energy communities or RE investment
projects, respectively. Similarly, the lower the risk aversion and the
higher the ease of acquisition, the more likely are investments in FI;
however, the impact of these factors is small. This means that investors
who prefer low-risk options tend to avoid investments in energy com-
munities or RE investment projects. Those who are concerned about
complicated acquisition procedures or physical labour are more inclined
towards these investments, signalling that the acquisition of FI might be
perceived as simple compared to TI (research focus 2). Co-investments,
i.e. experiences with TI, also have a significant positive impact on FI
(research focus 4).

Regarding NMA, the perceived financial aspects (return, liquidity) of
FI play a small role (research focus 1): the perception of limited liquidity
associated with investments diminishes the likelihood of investments,
whereas the perception of high financial returns encourages in-
vestments. The approval of non-financial impacts is positively related to
FI in energy community (research focus 3), while a strong financial
support increases the likelihood of FI in RE projects. Finally, increasing
age and owning of a dwelling are linked to a lower likelihood of in-
vestments in RE projects.

6. Discussion
6.1. Important but elusive role of non-monetary aspects

6.1.1. Technology investments

Similar to other findings, e.g. for DH by [86], the dominating
perception and evaluation criteria of TI in the descriptive analysis are
costs followed by climate and environmental issues, autonomy or

independence and long period of use (research focus 1). Since re-
spondents could only allocate a rank once, individual impacts (costs) are
balanced against social effects (climate issues) when deciding on
investing in technologies. The perceived efforts and benefits and
financial aspects vary among the three technologies. According to the
descriptive analysis, respondents perceive that:

e driving an electric car implies the most significant changes in
behaviour and routines, while heating with heat pumps involves
the highest responsibility for operation.

e solar rooftop or balcony systems are perceived and rated as the most
climate- and environment-friendly technology, with a long life-
time and generation of energy (long life cycle) and providing the
highest autonomy in energy supply.

e heat pumps are associated with the highest expenditures for in-
vestment and operation.

Regarding the econometric results of investments in RE heating,
there appears to be a contradiction between ecological preferences and
perceptions of heat pumps as environmentally friendly technologies.
Users of RE heating do not prioritise ecological investments, but ac-
cording to the analysis they perceive the positive environmental impacts
of heat pumps as a relevant benefit.

Owners of electric cars are aware of behavioural changes requiring
efforts as well as of hedonic benefits, such as a cool feeling, and the
enjoyment of driving an electric vehicle. These hedonic benefits may
offset perceived efforts and reluctance to pay more for the ET.

Solar energy investors do not perceive investments in a small solar
PV plant as either requiring efforts or long-term capital commitment.
Furthermore, their motivation to engage is not linked to climate and
environmental concerns, autonomy or financial aspects, although these
are ranked as primary benefits. This indicates that none of these aspects
dominate and both financial and environmental returns may play a



B. Breitschopf

Table 6
Explaining technology investment (TI).
(€8} (2) [©)]
VARIABLES solar energy RE heat e-car
adoption adoption adoption
socio-economic,
demographic variables
age of respondent —0.068 —0.383%** —0.104
household net income —0.096 0.040 0.403%**
education: high school as
reference
education = vocational 0.510 -0.126 -0.118
training
education = technical school 0.630 0.180 0.029
diploma
education = university 1.117* —0.586 0.277
degree
ownership: own house as
reference
ownership = own apartment —1.063*** —0.615
ownership = rented house —0.275
ownership = rented —1.443%**
apartment
location: < 5001 inhabitants as
reference
location = 5001-20,000 -0.132 —0.193 —0.098
location = 20,001-100,000 —0.205 0.018 —0.700
location >= 100,000 —0.451 —0.353 0.830*
household size 0.200% 0.000 —0.000
employment: employed as
reference
employment = pension 0.057 0.079 —0.457
employment = unemployed —0.636 —1.407
employment = other —0.121 —0.944 —0.043
co-investments:
financial investment 0.448%** 0.856%**
RE heat —0.466
electric car 1.224%** —0.360
solar energy 1.257%** 1.408%**
general preferences for
investments:
ecological aspects —0.026 —0.261%* —0.063
self-determination —0.037 -0.133 —0.075
risk aversion —0.045 0.019 0.238
social aspects —0.074 —0.093 —0.032
simple acquisition —0.099 —0.310%* —0.064
preferences: energy community
as reference
preference = commercial 0.156 0.453 0.197
wind
preference = municipal wind 0.097 —0.005 —0.328
preference = municipal DH —0.553* 0.188 0.039
preference = commercial DH —0.063 0.035 0.254
perceived features of
technologies (solar PV, RE
heat, e-car):
costs —0.108 0.078 —0.079
security —0.015 0.253** 0.142
low risks 0.037 0.257%%* —0.203
liquidity —0.251%* —0.053 0.039
individual efforts (non- —0.210%* 0.571 —0.187*
monetary costs)
individual non-monetary —0.057 0.533%**
benefits (hedonic)
collective non-monetary 0.074 0.118 0.093
benefits (altruistic)
environment non-monetary —0.046 0.227%** 0.163*
benefits (biospheric)
scope and action dimension:
financial support —0.321%* —0.370%* —0.031
general approval 0.192 0.130 —0.392
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Table 6 (continued)

1) 2 3
VARIABLES solar energy RE heat e-car

adoption adoption adoption
non-financial approval —0.005 0.097 0.250
financial approval —0.099 —0.025 0.395%*
constant 1.235 —0.862 —7.854
observations 866 866 851
pseudo-R2 0.340 0.328 0.449
p-value for model test 0.000 0.000 0.000
chi2 294.8 2259 246.2

Source: own data and analysis. Note: *** p < .01, ** p < .05, * p < .1. The values
of the support/approval variables are in reverse order than those of the other
variables, i.e. for support and approval 1 == high agreement, while for all other
variables 1 == low rank. Thus, a negative sign of the coefficient shows a positive
relation between approval or support and all other variables. Odds = e®- a one
unit increase in TI increases the odds of investing in a PV plant by about 44%.

role. This is supported by other studies, e.g. by [7].

6.1.2. Financial investment

According to the econometric analysis of FI, investors hardly
perceive any non-monetary costs as decisive for investment decisions.
This means efforts do not significantly influence investment de-
cisions for financial assets. Thus, the role of efforts as barriers to in-
vestment remains unclear. However, in line with [40] we find that
returns are significant for some investors, along with a weak non-
preference for long-term investments that bind liquidity. Moreover,
the results underscore the importance of designing investment options
with low risks [23] and simple acquisition, i.e., investments that are
easy to acquire and require only a few transactions.

Despite the insignificance of efforts, respondents identified the pro-
tection of climate and environment as the primary perceived benefit of
FI options, with a long-life cycle period being the second most significant
perceived aspect (descriptive analysis). However, the results differ be-
tween commercial and municipally co-owned investment options with a
trade-off between risks, efforts and returns: We find that returns on in-
vestments with municipal co-ownership are expected to be significantly
lower than those of commercial co-ownership, while ease of ownership
transfers, minimum required investment volume, social benefits, climate
impacts, and efforts are all rated significantly better for municipal co-
ownership compared to commercial co-ownership (descriptive anal-
ysis). This means that respondents associate municipal investments in
Germany with positive impacts for the environment and society,
and secure energy supply. In combination of respondents' clear pref-
erence for municipal co-ownership, these findings give evidence that
respondents forego yield in favour of security and climate, i.e. they
place more weight on risk mitigation, environmental, social, and climate
issues, and less weight on returns on investment.

For both TI and FI, financial aspects play a dominating role in in-
vestment decisions as stated in other studies as well (e.g. [29,87]).
Nevertheless, non-monetary benefits, such as secure self-supply and
environmental benefits, are important aspects when deciding for an
investment, while the role of efforts remains somewhat diffuse: The
importance of the selected types of efforts varies between technologies,
and some may be difficult to delineate from one another. For example,
the expectation to change one's behaviour or the need to better under-
stand a new technology may be categorised as behavioural, cognitive, or
mental efforts. In addition, respondents could price in the perceived
efforts or risks in their financial “expectations”. So, further research is
needed to better understand the role of different forms of efforts, and
how they are perceived and compensated in financial terms.

6.2. Strong preferences but not decisive

The picture changes somewhat when examining preferences: The
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Table 7
Explaining financial investment (FI).

Table 8
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Likely drivers of technology investments (TI).

VARIABLES holding shares in RE energy community
investment projects membership
Socio-economic, demographic variables
age of respondent —0.189* —0.044
household net income 0.119 —0.018
education: no education as
reference
education = in training 0.396 0.285
education = at college 0.421 1.477
education = completed 0.677 0.527
education
owner of house or apartment —0.676* 0.688
(no (0)/yes (1))
location: < 5001 inhabitants as
reference
location = 5001-20,000 -0.167 —0.447
location = 20,001-100,000 —0.003 -1.074
location >= 100,000 —0.022 0.688
household size —0.095 —0.310
employment: employed as
reference
employment = pension —0.690 -1.772
employment = unemployed —1.410 —0.251
employment = other —-0.107 -1.377
co-investments:
technology investment 0.747%** 1.063%**

general preferences for certain investment characteristics:

ecological aspects —0.017 —0.081
self-determination 0.045 —0.229
risk aversion —-0.216* —0.451**
social aspects —0.027 —0.128
simple acquisition 0.264* 0.371*
preferences: energy

community as reference

preference = commercial —0.306 —2.784**

wind

preference = municipal —0.376 —0.523

wind

preference = municipal DH —0.574 —0.287

preference = commercial DH —1.166%* —1.395

perceived features of investment in EC or commercial wind park:

return —0.047 0.337**

liquidity —0.136* 0.169

low risks —-0.039 —0.028

individual non-monetary 0.143
benefits (hedonic)

individual efforts (non- —0.059 —0.051
monetary costs)

collective non-monetary —0.028 0.002
benefits (altruistic)

environment non-monetary —0.083 0.100
benefits (biospheric)

scope and action dimension:

financial support —0.347* —0.149

general approval —0.363 0.261

non-financial approval -0.241 —0.483*

financial approval —0.151 -0.123

constant 0.497 —-2.127

observations 863 863

pseudo-R2 0.265 0.396

p-value for model test 0.000 0.000

chi2 148.2 113.5

Source: own data and analysis. Note: *** p < .01, ** p < .05, * p < .1. The values
of the variables of approval and support are in reverse order than those of the
other variables, i.e. for support and approval 1 == high agreement, while for all
other variables 1 == low rank. Thus, a negative sign of the coefficient shows a
positive relation between approval or support and all other variables. Odds = e® -
a one unit increase in TI increases the odds of investing in ECs by about 189%.
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Solar energy roof top
or balcony (solar),
sample n = 866

RE heating, sample
n = 866

electric vehicle (e-
car), sample n = 851

The likelihood of TI is higher if citizens dispose of the following feature:

co-invest FI FI FI
RE heat solar energy solar energy
electric car
preferences municipal investment  ecological aspects
DH (-) =)
simple
acquisition (—)
perceived liquidity () security individual efforts
NMA =)
individual efforts (—)  low risks individual benefits
individual environmental
benefits benefits
environmental
benefits
support, financial support (—) financial support financial approval
approval )
socio- education age (-) net income of
economic household
ownership of house ownership of ownership of house
(D] house (+) )
household size location: living in a
city

Source: own depiction based on survey data.

Note: Financial support and approval are assessed in the opposite order than the
other variables. Thus, a negative sign indicates a positive relation between
approval or support and other variables.

***p < .01, ** p<.05p<.l.

Table 9
Likely drivers of financial investments (FI).

shares in RE investment
projects, n = 863

membership in an energy
community, n = 863

risk aversion (—) risk aversion (—)
simple acquisition simple acquisition
commercial DH (—) commercial wind ()

co-investment TI TI

preferences

NMA: liquidity (-) return
support, . . R e . ~
approval financial support (—) non-financial approval (—)
socio- age ()
economic ownership of house (—)

Source: own depiction based on survey data.

Note: Financial support and approval are assessed in the opposite order than the
other variables. Thus, a negative sign indicates a positive relation between
approval or support and other variables. However, in this table, we have
adjusted the signs, and (—) actually means a negative relation. HH = households.

*** p < .01, ** p<.05 p<.l.
Note:

most preferred design element of FP is self-supply of energy or au-
tonomy, associated with secure energy supply (research focus 2). The
second highest importance is assigned to climate issues, followed by
uncertainty and risk aspects, both affecting the financial outcome of the
investment as well. A similar ranking is found by [2,35] when investi-
gating key motivations of investments in ET technologies. However, this
ranking is not fully reflected in the econometric analysis. Risk consid-
erations and simple acquisition as well as non-commercial engagement
and financial benefits are important for FI. Similar preferences for
allocating benefits to municipalities or communities are identified by
[65]. For TI, also ecological aspects play a role.

Our findings about the preference of municipal co-ownership in
district heating and wind parks to pure commercial ownership
(descriptive results) align with those of [37] who analysed motivations
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for energy community membership; however our results include co-
ownerships in other forms of FI than energy communities. The aver-
sion to commercial district heating (DH) (econometric results) likely
stems from a combination of respondents' dislike for commercial pro-
jects and their limited familiarity and experience with investments in
heating networks. Increasing experiences in financing with new tech-
nologies are found to reduce risks and hence increase investor engage-
ment [88].

Moreover, the municipal orientation can be interpreted as a prefer-
ence for low-risk investments. This is consistent with previous findings
regarding citizens' preference for low-risk investments [29] and in-
vestments in local projects [41] and corresponds with our findings
regarding NMA.

6.3. Gap between approval and impactedness

Matching with our findings on prevalence and relevance of financial
aspects, non-financial approval is much higher than the approval of
financial impacts. The general approval of the ET has received the
highest level of agreement. However, strong agreement with the ET
might not necessarily imply a similarly strong approval of its financial
and non-financial impacts, due to personal impactedness negatively
affecting individuals' utility (function) from the ET.

This divergence between general and (non-)financial approval is
similar to the divergence of positive disposition towards RE and the
opposition to specific local developments outlined by [89], which they
explain with the concept of cognitive polyphasia. The association of the
level of non-financial approval with income might partly explain the
divergence.

Unexpectedly, the econometric analysis reveals that approval and
support are rather irrelevant for FI; however, a weak significance is
observed for energy community members regarding their positive atti-
tude towards local, non-financial impacts. For investors in RE project
shares, agreement to financial support is correlated with their invest-
ment behaviour.

6.4. Co-investments enhancing experience or complementary benefit

The econometric results underline the strong role of co-investments
(research focus 4), suggesting that once citizens have experiences with
TI or FI, they are likely to invest further in other technologies or
financial assets. This finding correlates with other studies examining the
influence of investment experiences on FI [41]. The results indicate that
it is essential to first encourage citizens to invest in assets with the lowest
barriers, i.e. assets they perceive as requiring minimal efforts while of-
fering substantial benefits. Once investments are made in these “low-
barrier” assets, subsequent investments may follow more easily, since
familiarity with such investments grows. In addition, co-investments
might mitigate risks and enhance returns through co-investments in
other technologies, such as electric vehicles, thereby reaping co-benefits
from investments in solar power generation.

Less affluent households may be less likely to provide high financial
support. This is supported by analyses of [30,41]. Furthermore, citizens
who have investments in FI or TI tend to express a higher intention to
reinvest in ET assets. A positive relation between positive investment
experiences and further investment intentions has been found by [41] as
well.

7. Conclusions and policy recommendations

This study reveals that prior experience with ET investments signif-
icantly encourages further engagement. Policymakers could leverage
this by supporting initial, small-scale citizen investments in ET. Will-
ingness to invest in RE or energy efficiency is positively correlated with
investments in financial or fixed assets, while general approval of ET
does not significantly influence investment decisions. Risk aversion and
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procedural simplicity are critical preferences for financial asset in-
vestments but less relevant for technology investments. Simplifying
acquisition procedures could thus boost financial investments, poten-
tially fostering co-investments in technologies. Overall, citizens show a
preference for non-commercial investments, suggesting that involve-
ment of municipalities or energy communities could enhance financial
engagement. While financial considerations are pivotal across all in-
vestment types, non-monetary factors—such as hedonic, egoistic, and
environmental motivations—play a key role in technology investments.
These insights can inform targeted policy interventions to promote
broader citizen participation in ET initiatives.

While the descriptive analysis reveals stated preferences and per-
ceptions, the econometric analysis uncovers previously unstated re-
lationships between investments and preferences, perceived NMA,
support and approval of the ET. Analyzing the findings from both eco-
nomic and social science perspectives reveals diverging results with
these two analytical tools. We attribute these discrepancies to conflict-
ing individual preferences and social norms, the non-coincidence of
rewards and costs, unidentified non-monetary costs, and methodolog-
ical issues.

7.1. Conflicting individual preferences and social norms

The assigned importance of respondents to climate and environ-
mentally friendly investments is somehow ambiguous. On the one hand
it is highly ranked as design element, on the other hand the results of the
econometric analysis for climate protection preferences are insignificant
for FI or even partly negatively correlated to TI, and the perception of
climate protection is partly and weakly significant for the investment
options. This observation aligns to the concept of cognitive polyphasia
elaborated by [90] regarding the meat-paradox. Upham and Johansen
[89] applied the cognitive polyphasia with respect to wind farms. Ac-
cording to them, people feel obliged to support the use of wind power as
it is positively connoted in society, although it is conflicting with their
individual preferences and impactedness. Applying this to FP op-
tions, we find individual FI is primarily driven by individual financial
aspects, and less by climate and environmental awareness, although
climate and environmental friendliness are social norms and climate
friendly FI in ET is strongly supported from a societal perspective. This
also aligns also with our findings regarding general and (non-)financial
approval of the ET and its impacts. A societal desirable transition is
strongly approved as long as no direct individual negative impacts occur
and oppose to individual norms and desires. Findings of Vuichard et al.
[91] support our results. They stated that FP models rewarding equally
all residents instead of offering individual returns increase the accep-
tance of wind energy projects at local level. Thus, certain rewards
without preferential treatment but advantage of all residents represent
an individual benefit that positively affects the willingness to endure
non-financial costs.

7.2. Non-coincidence of rewards and costs

Another approach of explaining actual and intended investment is
the coincidence of rewards and costs. In a completely different
context the author Woolley and Fishbach [92,93] state that persons take
actions in case non-monetary rewards followed immediately non-
monetary costs, and procrastinate intended actions in case the reward
likely is due in the (far) future. As regards the ET, financial and non-
monetary costs are upfront investments in a broad sense, while finan-
cial benefits follow with the operation of the assets, and climate benefits
even later. This is a classical case where the presence bias described by
[94] leads to inaction.

In addition, citizens understand and accept the need of actions to
achieve the climate targets, but as long as perceived benefits are lower
than perceived costs, they do not realise their intention. Regarding TI
and FI, we find a significant perception of financial or individual and
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environmental benefits of investors, obviously compensating for po-
tential monetary and non-monetary costs. This aligns to findings of He
et al. [95], who find that the positive perception of effective climate
protection measures reduces the intention-behaviour gap, i.e. non-
monetary benefits partly compensate costs. This is a good starting
point for policy makers.

To drive investments in the ET citizens should be able to realise that
the benefits of FP compensate for potential costs. Policy actions could
address several aspects: First, they could emphasise that the use of
climate friendly renewable energies entails immediate environmental
benefits for all citizens. Second, they could promote FP schemes that
entail a certain, reliable but low return (identified as preference in our
study) on a regular basis e.g. through state guarantees. Third, they could
promote the perceived non-monetary key benefits such as secure and
independent, long term energy supply at individual or local level as
individual benefit, and framing the use of clean technologies and in-
vestments as “cool and good feeling to have own or use this”. Finally,
policy makers could ease investments, by providing reliable and proven
information on potential investment opportunities.

7.3. Non-monetary costs as latent factor

About 51% of the respondents indicated to be willing to financially
support the ET with investments in energy efficiency of their dwelling or
RE energy generation such as PV, while about 38% have actually
invested either in TI, FI or energy efficiency measure of their house. Our
findings show that influencing factors of actual FP and intended FP
(financial support) partly differ. This might explain some of the differ-
ence between actual and intended investment. Perceived efforts or non-
monetary costs are identified as factors affecting actual TI, while they
are completely insignificant for explaining financial support. While [59]
explained the gap between intention and actual behaviour by contextual
conditions, and [95] by perceived costs and inefficacity of measures, we
have some empirical evidence that efforts are likely to be another
explaining factor of this gap, although not proven for FI. Reasons for
not accounting for future costs when agreeing to financial support might
be that accounting of costs itself is considered as effort, and given the
presence bias, accounting might be procrastinated (see [94]) by re-
spondents. In contrast, the positive aspect of secure energy supply as a
key objective of energy policy is adopted by respondents financially
supporting the ET.

There are several concepts from psychology of cognitive dissonance
[96], for instance, the action based model, to explain the gap between
attitudes and actual behaviour. According to this model, once a decision
is made, the attitudes will be changed to avoid a discrepancy between
behaviour and the respective attitude. Applying this concept, no-
investment in clean energy technologies by citizens would then
require a change in their approval or support of the ET towards a lower
level. A concept to promote actions is the common ingroup identity
applied by [97] to investigate engagement in ET. It posits that people
with different identities could be united under a common umbrella
identity. It could be used to bring together different social groups of
actors and make them engage. Policy makers could use this concept by
supporting the creation of different FP models with specific character-
istics that appeal to and attract different types of actors, who could
identify themselves as a group by their common preference for these FP.
As a consequence, they might take actions i.e. make investments. Ex-
amples of FP characteristics encompass individual and societal benefits
which could be differently emphasised and framed, for instance as social
fair FP, environmental FP, autonomous FP, etc. A coincidence of indi-
vidual and societal benefits, or turning societal benefits into individual
benefits could be a strong driver for FP.

7.4. Limitations

This exploratory study encounters several challenges. First, the data
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collection process requires participants to thoroughly and completely
read and understand the survey questions. To ensure thoughtful an-
swers, we included several control questions, resulting in a significantly
reduced, but still representative sample.

Second, the literature research for NMA produced a long list of items
related to efforts and benefits. The intention was to be comprehensive
while avoiding arbitrary exclusions. Ideally, a two-stage survey would
have been preferable, with participants first rating various items, fol-
lowed by a second survey concentrating on the most relevant factors
identified through factor analysis or principal component analysis.
However, due to the constraints of a one-stage survey and limited
response time, we opted for the selection and ranking of five items rather
than rating all items. This approach also helped to minimise cognitive
overload among respondents. Moreover, there is a scarcity of literature
on how to categorise NMA as benefits and efforts. Consequently, we
employed a framework based on [58] which encompasses benefits
derived from biospheric, altruistic, hedonic, and egoistic value orien-
tations. Regarding non-monetary costs, we failed to identify an existing
framework for their classification. Therefore, we categorised them into
various forms of efforts mentioned in different studies, including phys-
ical, cognitive, organisational, and behavioural efforts. Further, we
found no literature that effectively captures the different forms of
perceived efforts through questions and statements.

Third, it is challenging to delineate certain efforts from one another,
as they may be perceived as benefits depending on their valuation,
terminology, or context. For instance, a high level of responsibility for
operations can be regarded as a benefit when viewed through the lens of
self-determination, while it may be considered a cost when framed as an
effort. Therefore, particular attention must be given to the formulation
of the statements.

Fourth, preferences for design elements are rather individual and
context-specific, influenced by momentary conditions and contexts.
While some preferences are partially captured by socio-economic vari-
ables, but many are ignored or overlooked, for example traditions, social
practices or habits, and cultural influences. These factors, in turn, affect
the adoption and use of RE technologies [98] or investments [60].

The dependent variables representing actual investment decisions
did not fully align with the rankings of NMA across the different in-
vestment cases. However, the majority of investments were directed
towards solar photovoltaic systems and/or commercial wind parks,
while investments in solar thermal plants and municipally owned wind
parks were less. In the context of RE heat consumption, biomass-based
heating systems dominate the market [99]. Nevertheless, it is impor-
tant to note that any transition from fossil-based to renewable heating
systems - regardless of the specific technology - entails similar systemic
effects.

While the survey was conducted exclusively in Germany, preferences
and perceived costs and benefits are inherently context-dependent [24],
shaped by factors such as culture, economic conditions, and regulatory
frameworks. Nevertheless, NMA have been examined in studies beyond
Germany (e.g. [28,100]) and the present findings on preferences align
with existing literature (e.g. [23,101,102]). Thus, although perceptions
of NMA vary across cultural, regulatory, and individual contexts, the
results reveal principal NMAs that demonstrate cross-national and cross-
cultural relevance.

Finally, the model would have benefited from a statistic-based
grouping and aggregation of the variables. However, this is not
feasible due to the survey design and data collection method (selective
ranking) outlined in the previous sections. The unequal numbers of
variables in the different groups (preferences, NMA) would have
strongly affected the median or means given the selective ranking.
Nevertheless, this study is a first step of having a closer look into NMA of
FP.

In conclusion, non-monetary costs and benefits are essential com-
ponents of a holistic evaluation of RE investments. Understanding these
factors is essential for developing strategies that encourage greater
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engagement in the ET. Further research is needed to better explore the
interplay between the different monetary and non-monetary costs and
benefits, design preferences, support and approval, intended and actual
investments, to develop methodologies for effectively quantifying these
impacts, and to derive implications for policies and practice.
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