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Abstract

Climate change requires an adaptation of the energy system towards an efficient use of renewable energies. For efficient
control and optimization of the energy system, energy consumption and production data at household level play an
essential role. Sharing platforms can enable the bundling and controlling of energy data from individual households.
However, there is often a lack of acceptance among potential users to share their own data on such platforms. Therefore,
this paper investigates the willingness of consumers to share their personal energy data. In particular, several factors that
influence this willingness are examined. Decisive for the willingness are incentives for consumers in return for sharing
their energy data. These can be offered in personal added value or collective added value. This paper shows that the factors
perceived behavioral control, personal attitude and subjective norm have an influence on the willingness of private users
to share energy data if a personal benefit or a collective benefit is provided. The age of users and their privacy concerns
affect the willingness to share only in case personal value is added. These findings are valuable for the development and
operation of online energy platforms.
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1. Introduction

The decarbonization of the energy system and the transition to a renewable, decentralized energy supply requires socio-
technical system changes. This refers to technological innovations, but also to necessary behavioral changes (Geels, 2018).
In this context, the increasing trend of digitalization and the diffusion of smart technologies can be usefully exploited to
achieve corresponding national climate targets (BMNT, 2018; Ford, Stephenson, Stichler & Brown, 2014). This includes,
for example, the promotion of digital sector coupling, the development of digital services or the increase of energy
efficiency (BMNT, 2019). Digital technologies such as cloud computing, digital platforms, and smart devices (Cao et al.,
2016; Rehman & Batool, 2015) enable individuals to share their data with others (Huang et al., 2015). In this context,
shared consumer data is of economic value to companies (Zhao & Xue, 2013). To increase the consumers’ willingness to
share personal data, sharing platforms serve as peer-to-peer networks. These create added value for all participants in a
co-creation approach (Gronroos, 2008; Richter & Slowinski, 2019).

Smart technologies that generate temporal energy data open up a wide range of opportunities in this area. Energy data as
a relevant resource for the provision of energy services in data-driven business models has gained economic importance
(Camarinha Matos, 2016; Visser, 2015). These can be shared and exchanged on web-based sharing platforms. New
technologies to promote energy-efficient behavior of consumers require information sharing and data transfer among
different stakeholders. However, such disclosure of data on sharing platforms is not widely accepted by consumers (Fogg,
2002).

This paper presents the results of the GEL-OpenDataPlatform project. In the project, a web-based sharing platform is
developed to enable consumers to easily access and better understand relevant energy data. It also aims to support
behavioral change and positively influences consumers’ attitudes towards energy efficiency (Hamari, Koivisto &
Pakkanen, 2014).
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The platform is to be understood as a means for sharing and exchanging data, whereby consumption data from consumers
is required. In view of all regulations on data protection, this data must be voluntarily exchanged. Previous studies show
that individuals are concerned about, among other things, the secure handling of their data and privacy (Chen et al., 2017).
In addition, the issue is viewed differently from consumer to consumer and further influencing factors are considered
relevant to explain the willingness to share data. Nevertheless, there is a general need for research to understand the
willingness to share data (Silva, Karnouskos & Ilic, 2012). In particular, there is a lack of empirical studies in the context
of sharing platforms in the energy sector. Thus, the objective of the paper is twofold: First, this paper aims to examine the
reason for sharing energy data by distinguishing between an individual and a collective added value. Second, this paper
investigates the factors that determine consumers’ willingness to share energy data on online energy platforms. With the
information about predictors, sharing platform developers can use the examined factors as a guide to design their
platforms based on user needs and therefore, increase users’ interaction and data exchange on it. Eventually, the broader
use of such platforms promotes more efficient energy consumption and supports the vision of a sustainable energy system
transition.

2. Literature Review

Data sharing in the context of the climate change challenge is needed to establish a sustainable decentralized energy
system. In order to integrate renewable energy sources and generate system efficiency and optimization, it is not only
necessary to have an energy flow between production, distribution and consumption, but also to exchange information
data (Daki, El Hannani, Aqqal, Haidine & Dahbi, 2017). Currently, studies explicitly targeting the sharing of energy data
on digital platforms are scarce. The report on consumers’ views on sharing half-hourly billing data from the UK regulator
Ofgem (2018) shows that energy consumption data is perceived as the least sensitive data type compared to other personal
data. Moreover, the study shows that almost half of consumers are willing to share their energy data if it is linked to
benefits (e.g., financial savings, improved energy efficiency).

However, consumers’ acceptance of new technologies such as web-based energy sharing platforms is not excessively high
(Fogg, 2002). A problem to be considered is that individuals often lack trust in actors, such as energy supply companies,
regarding the adoption of smart technologies (Chen, Xu & Arpan, 2017). Especially, if benefits for individuals are not
visible, their acceptance of such new concepts is low (Kollmann & Moser, 2014).

Findings on data sharing in general show that various factors influence consumers’ willingness to share personal data
(Schudy & Utikal, 2017; Sayogo & Pardo, 2012). Benefits for users can be a motivation to share data. These benefits can,
for example, be financial if the need for monetary rewards is relevant for users (Anic et al., 2018). Besides monetary
rewards, individuals can profit from information transparency that is achieved on an energy data sharing platform.
Information tailored to the household supports residents in their efforts to use resources in a more efficient way and
therefore reduce energy consumption on household level (Jetzek, Avital & Bjern-Andersen, 2014). However, especially
in the paradigms of the sharing economy/society or open data movements, which are characterized by online platforms
and communities, collective benefits and collective action also play an essential role (Hamari, Sjoklint & Ukkonen, 2016).
In contrast to an individual benefit, a collective benefit helps the public at large, for example, by enabling access to certain
information that is valuable for a community (Hamari et al., 2016), by supporting research or free software development
(Ziefle, Halbey & Kowalewski, 2016). Information technologies such as sharing platforms enable network mechanisms
to promote behaviors that create collective value, going beyond traditional market-based mechanisms of value generation.
In the context of energy consumption, the perceived collective benefit is to contribute to energy efficiency at the system
level and to create sustainable value by sharing energy data that reduces information asymmetry regarding resource
allocation in a smart grid (Jetzek et al., 2014).

Tschersich et al. (2016) examined the difference between personal benefits for users themselves and collective benefits
for others in the context of data sharing. In their study, the willingness to share data is highest if personal benefits are
provided in return. In contrast, the study results of Ziefle et al. (2016) show that collective benefits provide a stronger
incentive for consumers to share information. In order to create individualized benefits, the provider must know certain
personal information about the recipient in advance. This requirement, which may be a deterrent for some customers,
does not apply to the provision of collective benefits. Based on the unclear results of previous studies, the following
hypothesis is formed in a first step.

Hypothesis 1 (H1): The willingness to share energy data differs between the incentive of a personal and a collective added
value.

For this paper, the distinction between personal and collective added value forms the basis for the investigation of
consumers’ willingness to share their personal energy data. The hypotheses generated in the following are directed towards
each the personal and the collective added value for consumers in order to determine the different effects of the two types
of benefits on the willingness to share energy data.
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As a well-founded basic theory concerning the behavioral intention of consumers, the theory of planned behavior (TPB)
is applied to the willingness to share energy data. The intention to act, which is typically explained in this theory, is seen
as an indicator for actions that are actually to be taken. Accordingly, the intention to set a certain behavior - in the present
case: to share energy data - is determined by three influencing variables: Attitude, subjective norms, and perceived
behavioral control (Ajzen, 1991).

The personal attitude of private users toward a platform has an influence on their intention to share data. There is a positive
correlation between consumers’ attitudes towards social media and their willingness to share data on these platforms
(Taddicken, 2014). In the context of energy consumption, the study by Kranz, Gallenkamp and Picot (2010) show that
the attitude of homeowners towards smart meters is crucial for their voluntary willingness to install them. Thus, consumers
are more willing to provide their personal data if they have a positive attitude towards the purpose of the provision.
Accordingly, the following hypotheses are formulated with reference to individual and collective added value.

Hypothesis 2a (H2a): The more positive the attitude towards an online energy platform, the higher the willingness to
share energy data for a personal added value.

Hypothesis 2b (H2b): The more positive the attitude towards an online energy platform, the higher the willingness to
share energy data for a collective added value.

Furthermore, this paper considers the subjective norm related to the willingness to share energy data. The study by Markos,
Milne and Peltier (2017) indicates that consumers rate the risk of sharing financial data as high as the risk of sharing
information in the course of interactions in a community. Consumers are thus very sensitive to data that affect their public
image. Their willingness to share data that has a negative impact on their reputation is accordingly low. In this context,
Hargittai & Marwick (2016) and Taddicken (2014) show that individuals are more likely to share their information on
public online platforms (e.g., social media platforms) if the information is of high social relevance to their stakeholders
or their community. Therefore, for individuals with a high subjective norm, the provision of added value for others is of
particular importance. Subjective norm may also play a role in sharing energy data. Considering the investigated
incentives for added value, the following hypotheses are therefore formed.

Hypothesis 3a (H3a): The higher the subjective norm for users, the higher the willingness to share energy data for a
personal added value.

Hypothesis 3b (H3b): The higher the subjective norm for users, the higher the willingness to share energy data for a
collective added value.

Additionally, a trusted platform that conveys a sense of control over shared data is crucial for or against sharing personal
data (Cao et al., 2016; Anic et al., 2018). Kranz et al. (2010) show that perceived control over the functions of smart
meters in a household increases residents’ acceptance of this monitoring technology. This subsequently increases the
willingness to install smart meters. Perceived behavioral control has not yet been studied in conjunction with the type of
value added (personal or collective) in the context of sharing energy data. This leads to the following hypotheses.

Hypothesis 4a (H4a): The higher the perceived behavioral control of users, the higher the willingness to share energy
data for a personal added value.

Hypothesis 4b (H4b): The higher the perceived behavioral control of users, the higher the willingness to share energy
data for a collective added value.

In addition to the factors borrowed from the TPB, several studies show that another determinant for the willingness to
share energy data is the risk perception of consumers when sharing information publicly (Markos et al., 2017; Cao et al.,
2016; Anic et al., 2018). The more privacy concerns are present, the less willing consumers are to share information. On
the one hand, such concerns can be addressed by collecting data on a trusted platform and by platform operators being
transparent about how data is handled (Cao et al., 2016). The trustworthiness of a website is crucial to decrease consumers’
privacy concerns towards it. For this purpose, providing transparency about privacy rights is beneficial (Anic et al., 2018).
On the other hand, privacy concerns can be mitigated with the provision of benefits (Anic et al., 2018). It is known that
consumers who are generally more willing to share their personal information have fewer privacy concerns (Taddicken,
2014). These findings are now tested by subsequent hypotheses regarding the different incentives of personal and
collective added value.

Hypothesis 5a (H5a): The lower the privacy concerns of consumers, the higher the willingness to share energy data for a
personal added value.

Hypothesis 5b (H5b): The lower the privacy concerns of consumers, the higher the willingness to share energy data for a
collective added value.

A final aspect that influences the willingness to share energy data is age. There is a difference on how people from different
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age groups use the internet and how they perceive online privacy. Younger adults use social networks significantly more
intensive than middle-aged and older adults do. Furthermore, older adults put more effort into protecting their data on the
internet compared to younger persons (Zeissig, Lidynia, Vervier, Gadeib & Ziefle, 2017). According to Markos et al.
(2017), younger people are more willing to share data with others than older people are. In addition, younger individuals
are more likely to be persuaded by personalized benefits, as they are generally less apprehensive about disclosing personal
information (Markos et al., 2017; Lee, Wong, Oh & Chang, 2019). An experiment, conducted by Walrave, Poels,
Antheunis, Van den Broeck and van Noort (2016), supports these findings. Adolescents prefer high-personalized
advertising, which is generated based on their social media behavior and preferences, to medium- or low-personalized
advertising. To test this in relation to energy data sharing, the following hypotheses are formed.

Hypothesis 6a (H6a): The younger the consumers, the higher their willingness to share energy data for a personal added
value.

Hypothesis 6b (H6b): The younger the consumers, the greater the willingness to share energy data for a collective added
value.

[ Willingness for a }

personal added value
D s Héa
H3a Hia §
Hl.: { Personal attitude ] { Subjective norm ‘ Perceived behavioral ‘ ‘ Privacy concerns ‘ [ Age J
' control
Hib Hib H5b
HXb Héb

Willingness for a
collective added value

Figure 1. Hypothesis model on the willingness to share energy data

The hypothesis model in Figure 1 summarizes the hypotheses that have been formulated and visually depicts the
connections between the individual factors.

3. Method

In order to test the postulated hypotheses empirically, a postal survey was conducted in a climate and energy model region
in northern Burgenland in Austria.

3.1 Research Design

The survey was conducted in December 2019 and January 2020. The climate and energy model region in Burgenland
encompasses 8,351 households in eight municipalities (Statistics Austria, 2019). The "last-birthday method" (Salmon &
Nichols, 1983) was used for sampling. Thereby, the person in the household with at least 16 years of age, who had his or
her last birthday, filled out the questionnaire. A total of n = 548 persons participated in the survey. With a given response
rate of 6.56%, a sampling error of 3.40% is to be expected.

The questionnaire consisted of the thematic areas of (i) willingness to share energy data, (ii) factors influencing
willingness to share energy data, and (iii) socio-demographic characteristics. The questionnaire was prefaced with a brief
description of an online energy platform (OEP). Respondents were provided with information that such an OEP offers
private households the opportunity to share energy data anonymously and on a voluntary basis. Examples were given to
clarify the term "energy data,”" such as the electricity consumption of a washing machine or a stove. In addition, the
benefits of an OEP were described. These include the possibility of receiving individually tailored recommendations on
how to save energy, or to compare one's own electricity consumption with that of other households.

To measure the willingness to share energy data, scale constructs were adopted that had already been used in previous
studies. All questionnaire items were adapted to OEPs in the context of sharing energy data. Five response options were
given for all statements, with higher values indicating higher agreement (see Table 1). On the one hand, the “willingness
for a personal added value” scale captures the consumers’ willingness to share energy data if they receive a personal
benefit or useful services in return. On the other hand, the “willingness for a collective added value” addresses the benefits
or services from sharing one's own energy data for others. Both scales were adapted from Tschersich et al. (2016). The
questionnaire also included items to measure “privacy concerns”, for which items were used from Lee et al. (2019). The
scale constructs for the TPB were drawn from Cho, Chen and Chung (2010) and adapted to the context of sharing energy
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data. These include “perceived behavioral control” when interacting on an OEP, respondents’ “personal attitudes” towards
data sharing, and the “subjective norm” which captures the view of opinion leaders on the topic of data sharing. Finally,
the sociodemographic characteristics gender, age, level of education and household size were queried.

3.2 Sample Description

The participants of the survey are on average 56.04 years old (SD = 15.11). 57.84% are male and 42.16% are female. In
terms of educational level, 57.89% reported not having a high school diploma, while 26.90% have a one and 15.20% have
a university degree. The typical household consists of two persons (50.19%). 14.34% reported living alone, 16.04% live
in three-person households. There are also households with four or more people (19.43%).

To fulfill representativeness, the sample was weighted using the standard integrated EU-SILC design (Osier, Museux,
Seoane & Verma, 2006), as indicated in formula (1).

1/C < (qiw/q.;)(wWig/w; )/(diw/d ;) < C, (1

where C is a constant trim value (set to C = 4.50) to constrain extreme values to more acceptable weights, ¢ is the non-
response correction, w is the calibration by age, gender, and education level, and d corresponds to the design weights,
respectively for observation i = 1,...,n; from community j = 1,...,8 and household size k = 1,...,4 as design characteristic.

For each constructed scale, which comprised three to four items, means were computed. Scale reliability is consistently
acceptable (o > 0.70) and therefore the scale constructs can be used for further analysis (see Table 1).

4. Results
In this section, the results of the study and the hypothesis testing are analyzed and presented.
4.1 Descriptive Analysis

Respondents show moderate willingness to share energy data if they would receive a personal added value like a general
benefit or useful services (M = 3.04, SD = 1.29). A similar result is observed with respect to willingness to share their
energy data to receive a collective added value (M = 2.90, SD = 1.27). In comparison, the willingness to share energy
data is slightly higher for a personal added value than for a collective added value. Personal attitudes toward sharing
energy data on an OEP are below average (M = 2.79, SD = 1.39). In addition, respondents tend to be less convinced that
sharing their energy data is endorsed by their peers. Their subjective norm tends to be low (M = 2.51, SD = 1.06). The
respondents’ perceived behavioral control has a moderate mean value of 3.19 (SD = 1.14). Thus, respondents are not
entirely sure about their control of the data they share on an OEP. A comparatively high mean value is found for privacy
concerns (M = 3.84, SD = 1.09). Respondents are thus more concerned about sharing information or providing personal
data (e.g., for the purpose of registration) on the internet. Privacy issues in general and potential misuse of password or
identity information are also part of this rather wide-ranging privacy concern.
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Table 1. Analysis of scale construction and descriptive statistics
Scale!? Items? al M* (SD)°
Willingness fora  In general, I would be willing to share energy data on an OEP® if I can profit 0.95 3.04 (1.29)
personal added from it.

value I would be willing to share energy data on an OEP if it provides useful
services for me.
If I see a benefit for myself, I would in general be willing to share energy
data on an OEP.
Willingness fora  In general, I would be willing to share energy data on an OEP if other people 0.96 2.90 (1.27)
collective added could profit from it.
value I would be willing to share energy data on an OEP if it provides other people
with useful services.
If I see a benefit for other people, I would in general be willing to share
energy data on an OEP.
Personal attitude ~ Sharing energy data on an OEP would be... 0.95 2.79 (1.39)
Very unpleasant ... very pleasant
Very bad ... very good
Very worthless ... very valuable
Very harmful ... very beneficial
Subjective norm People who are important to me think I should contribute to an OEP by 0.89 2.51 (1.06)
sharing energy data.
People who are important to me would share their energy data.
People who can influence me think I should share my energy data.
Perceived It makes a difference whether I share my energy data on an OEP. 0.76 3.19 (1.14)
behavioral control ~ Sharing energy-data on an OEP is entirely in my control.
I am confident in my ability to share energy data on an OEP.
Privacy concerns I am concerned about submitting information on the Internet because of 0.89 3.84 (1.09)
what others might do with it.
I am concerned that web sites require too much personal information for
registration.
I am concerned that someone may use my ID and password illegally.

In general, I am concerned about my privacy when I use the Internet.

'n between 429 and 548; 2 expression 1 = does not apply at all, 5 = fully applies
3 Cronbach’s a-values for scale reliability;  mean; 3 standard deviation

6 The abbreviation OEP is used according to the questionnaire: online energy platform.

Table 1 shows the single items that were used for the scale construction, the reliability (Cronbach’s ) of the constructs,
as well as the mean values and their standard deviations.
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4.2 Hypothesis Testing

To test H1, a two-sided T-test was conducted to compare willingness to share energy data for a personal added value and
for a collective added value. A significant difference was found (t(431) =3.67, p < 0.01). However, the difference in users’
willingness to share energy data is very small in terms of different benefits (d = 0.17). Thus, H! is supported with a very
small effect.

¥

Willingness for a
personal added value

d=047"
—017™ . L Perceived .
d=017"1 Personal attitude Subjective norm . ) Privacy concerns Age
: behavioral control
d=044" (d =-0,09)
(d=-0,01)

Willingness for a
collective added value
x

—

"p<0.05, " p<0.01, beta-values in brackets show nonsignificant effects

Figure 2. Hypothesis testing

Figure 2 shows the results of the hypotheses tests. To test H2 to H6, multiple linear regression models were calculated
with each of the constructs linked to the willingness to share energy data (Figure 2). Both the model explaining willingness
for a personal added value (R%,; = 0.68) as well as that explaining willingness for a collective added value (R%,4j= 0.71)
show high quality of fit.

H2a and H2b address personal attitudes towards OEPs and their impact on willingness to share energy data. A significant
effect on willingness was found for both a personal added value (f =0.26, p <0.01, d =0.32) and a collective added value
(B=0.22,p<0.001, d =0.29). The more positive the attitude towards an OEP, the more willing users are to share energy
data on it, for both a personal and a collective added value. Thus, H2a and H2b are supported with a small effect.

Next, H3a and H3b were tested. These consider the influence of the subjective norm on the willingness to share energy
data. Here, a small, significant influence of the subjective norm on the willingness to share energy data could be derived
for a personal added value (B =0.17, p <0.01, d = 0.20) as well as for a collective added value (f =0.29, p <0.01,d =
0.34). The higher the subjective norm of the consumers, the higher their willingness to share energy data for a personal
and a collective added value. Therefore, H3a and H3b are supported.

In H4a and H4b, the influence of perceived behavioral control on willingness to share energy data is addressed. Here, a
significant influence was found on both willingness if personal value is added (3 =0.47, p <0.01, d =0.47) and willingness
if collective value is added (B = 0.42, p <0.01, d = 0.44). Perceived behavioral control has a weak to moderate effect on
willingness to share energy data in both cases. Thus, both H4a and H4b are supported.

H5a and H5b examined the impact of respondents’ privacy concerns on their willingness to share energy data for both a
personal and a collective added value. Again, a negative influence of privacy concerns on willingness was found for both
cases. Privacy concerns have a significant influence on willingness for a personal added value (f =-0.11, p<0.01,d = -
0.19). The lower the privacy concerns, the higher the willingness to share one’s energy data when a personal value is
added. The influence of privacy concerns on willingness for a collective added value is not significant (B = 0.05, p =0.07).
Thus, H5a can be supported with a small effect. In contrast, there is not enough evidence to support H5b.

Finally, H6a and H6b address the influence of age on the willingness to share energy data for a personal and a collective
added value. In both cases, a negative correlation between age and willingness to share energy data was found. While age
has a significant influence on willingness for a personal added value (f = -0.06, p = 0.04, d= -0.10), the influence on
willingness for a collective added value is not significant (B = -0.01, p = 0.87). Thus, the younger the consumers, the
higher the willingness to share their own energy data for a personal added value. Although the observed effect is very
small, there is still evidence to support H6a. In contrast, H6b is not supported.

5. Discussion and Conclusion

This study investigates the willingness of private individuals in a climate and energy model region in Burgenland in
Austria to share energy data on an OEP. The focus is on the differences in the provision of a personal added value and a
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collective added value and further influencing factors.

The participants in the study generally have rather high privacy concerns regarding the disclosure of personal information
on the internet. However, if they see added value in sharing data, these concerns can be neutralized. There is a distinction
in terms of the type of added value. Participants perceive a small difference between the incentive of a personal added
value and a collective added value they receive in return for sharing energy data. Therefore, it is recommended for
operators of an OEP to evaluate exactly what kind of added value should be provided for the target group to be addressed
in order to design an OEP accordingly. The personalization of incentives requires users to share personal information with
OEP operators in advance (Ziefle et al., 2016). Such individualized benefits are more likely for younger users to increase
their willingness to share energy data. In addition, if people who have few privacy concerns comprise the target group,
personalized added value in return for sharing energy data should be provided. In this case, contrary to collective added
value, personal added value has a weak but demonstrable influence on consumers’ willingness to share energy data.

Regardless of whether potential users of an OEP have low or high privacy concerns, it is highly relevant to provide a
platform that allows them a certain degree of behavioral control. The higher the perceived behavioral control of users
when acting on an OEP, the higher is their willingness to share energy data on it. This applies for both a personal and a
collective added value. Perceived behavioral control has the largest effect on the willingness to share energy data in this
study. Transparent handling of the shared data by the platform operators gives users the opportunity to control what data
they share and what happens to their personal data. On the one hand, this creates trust; on the other hand, it increases the
willingness to share data (Cao et al., 2016; Anic et al., 2018). Similar is the situation with personal attitudes towards an
OEP. A platform that builds trust and towards which users have a positive attitude can be crucial for sharing energy data
on it. This is independent of whether the added value for sharing data is personal or collective. Another important
determinant is the consumers’ subjective norm. The higher the social relevance, the more willing consumers are to share
their energy data with others if they create added value for society in return, but also if they receive personal benefits as
a result. Thus, people who generally share information for social networking are an important target group for operators
of OEPs.

To conclude, it is relevant for developers and operators of OEPs to form a transparent and trustworthy platform and to
segment potential users to elicit which type of added value increases their willingness to share energy data the most. The
use of OEPs can help consumers to change their consumption behavior in a sustainable manner, which eventually is a
significant contribution to climate protection.
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