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A B S T R A C T   

While the potential for peer-to-peer electricity trading, where households trade surplus electricity with peers in a 
local energy market, is rapidly growing, the drivers of participation in this trading scheme have been under-
studied so far. In particular, there is a dearth of research on the role of non-monetary incentives for trading 
surplus electricity, despite their potentially important role. This paper presents the first discrete choice experi-
ment conducted with prosumers (i.e. proactive households actively managing their electricity production and 
consumption) in the Netherlands. Electricity trading preferences are analyzed regarding economic, environ-
mental, social and technological parameters, based on survey data (N = 74). The dimensions most valued by 
prosumers are the environmental and, to a lesser extent, economic dimensions, highlighting the key motivating 
roles of environmental factors. Furthermore, a majority of prosumers stated they would provide surplus elec-
tricity for free or for non-monetary compensations, especially to energy-poor households. These observed trends 
were more pronounced among members of energy cooperatives. This suggests that peer-to-peer energy trading 
can advance a socially just energy transition. Regarding policy recommendations, these findings point to the 
need for communicating environmental and economic benefits when marketing P2P electricity trading platforms 
and for technical designs enabling effortless and customizable transactions.   

1. Introduction 

By signing the Paris Agreement, 196 nations committed to pursuing 
efforts that limit the increase of the global average temperature to 1.5 ◦C 
above pre-industrial levels, reducing the risks and impacts of climate 
change (United Nations, 2016). An integral part of the Paris Agreement 
is a transition to renewable energies and, therewith, the promotion of 
distributed energy resources (DER), defined as electric power generating 
resources that are directly connected to a medium- or low-voltage dis-
tribution network (Akorede et al., 2010). The increasing deployment of 
DERs comes with opportunities and challenges. Although they can in-
crease efficiency and reduce CO2 emissions when appropriately 
managed (Akorede et al., 2010), this management requires advanced 
mechanisms. A centralized electricity grid will face issues regarding the 
balance of supply and demand when more DERs from variable energy 
sources are installed (Rommel and Sagebiel, 2017). Additionally, in 

some countries such as the Netherlands,1 feeding surplus energy into 
centralized grids is becoming less economically attractive for prosumers 
(i.e. proactive households managing their electricity production and 
consumption) due to changes in support mechanisms. 

In light of this evolution, decentralized smart grids, relying on 
technologies such as smart meters and platforms enabling the genera-
tion, consumption and trading of electricity, are receiving increasing 
attention, as they provide the opportunity to form local electricity 
markets (LEM) (Parag and Sovacool, 2016). LEM, in which prosumers 
can trade surplus electricity directly with a community or peers in 
peer-to-peer (P2P) trading schemes, represent an alternative to the 
dependence on centralized grids and their hierarchical structure (Cres-
po-Vazquez et al., 2020). P2P trading schemes present many potential 
benefits on the individual and societal level. When surplus electricity is 
traded P2P, individual prosumers can optimize the utilization of the DER 
in terms of financial returns and the balance of supply and demand, 
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1 In the Netherlands, the current financially attractive net-metering system will be replaced by terugleversubsidie, a return subsidy comparable to a feed-in tariff 
(FiT) which will effectively decrease the financial return for prosumers (Rijksoverheid, 2019). 
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based on actual and predicted energy prices, as well as generation and 
loads (van Leeuwen et al., 2020). This can reduce demand costs for the 
energy consumer, because less electricity from the central grid is 
required (AlSkaif et al., 2017; Lüth et al., 2018), while generating 
environmental benefits for society at large in the form of reduced grid 
electricity from fossil resources (depending on the prevailing energy 
mix) and reduced energy losses linked to long transmission distances 
(Jogunola et al., 2017). 

Studying the preferences for P2P electricity trading is relevant to 
maximize social welfare, because prosumers typically have heteroge-
neous preferences and are willing to pay different prices to exchange 
energy, depending on factors such as generation technology, location in 
the network and the owner’s reputation (Morstyn and McCulloch, 
2019). Moreover, providing additional reasons, beyond purely financial 
drivers, for participating in P2P electricity trading may contribute to 
closing the so-called intention-behavior gap (i.e. the discrepancy be-
tween an individual’s intentions and their actual behavior; Claudy et al., 
2014). Yet, while many studies have looked at the technical solutions 
required to successfully implement a P2P trading platform (e.g. Morstyn 
and McCulloch, 2019; van Leeuwen et al., 2020), less research has 
focused on the preferences for P2P electricity trading (Hackbarth and 
Löbbe, 2020). Furthermore, the few existing studies on drivers and 
barriers for households to engage in P2P electricity trading are based on 
survey data of individual households - regardless of whether they are 
prosumers or regular energy users - covering only a few countries, 
including Germany, Switzerland and Australia (Ecker et al., 2018; 
Hackbarth and Löbbe, 2020; Hahnel et al., 2020; Mengelkamp et al., 
2018, 2019; Reuter and Loock, 2017; Wilkinson et al., 2020). In addi-
tion, while some studies consider certain social factors, such as com-
munity identity and social equity, as potential drivers for the 
participation in P2P electricity markets (Hackbarth and Löbbe, 2020; 
Mengelkamp et al., 2018; Wilkinson et al., 2020), the social dimension 
remains relatively understudied to date. 

This paper tackles these research gaps by considering the environ-
mental, economic, technological, and social factors that drive the 
acceptance and, thereby, the success of P2P electricity trading systems. 
It extends the existing scientific literature on individuals’ preferences for 
P2P electricity trading in several ways. First, it solely focuses on pro-
sumers. This is expected to yield more valid results, because respondents 
are likely to have more insight into the current and alternative processes 
of electricity trading than regular energy users. Furthermore, studying 
prosumers’ preferences is especially relevant because prosumers both 
consume (buy) and also provide (sell) electricity. This is necessary to 
generate a local supply of electricity and create a P2P energy market. 
Second, it assesses the trading preferences of prosumers with diverse 
characteristics and attitudes. In particular, it compares the preferences 
of individual prosumers to those of energy cooperatives members (an 
emblematic form of collective prosumerism; Campos et al., 2020) in 
order to shed light on the potential role of these organizations in 
diffusing P2P electricity trading. Third, it surveys prosumers located in 
the Netherlands, providing insights from a geographical setting that has 
not been studied before. Fourth, based on insights from anthropological 
research (Singh et al., 2018), the current study offers a more nuanced 
depiction of the social drivers of the participation in P2P trading by 
considering different types of returns (including in-cash, in-kind and 
intangible, non-monetary compensations) as well as different types of 
social relationships. 

To achieve this, a questionnaire-based survey including a discrete 
choice experiment (DCE) with prosumers in the Netherlands was con-
ducted. The survey was used to investigate variations in trading pref-
erences of prosumer subgroups and the willingness to exchange surplus 
electricity for free or non-monetary compensations. The final sample 
consisted of 74 prosumers, 45% of whom were members of an energy 
cooperative. 

The rest of the article is structured as follows. Section 2 provides an 
overview of the relevant literature on prosumers, energy communities 

and cooperatives, and P2P electricity trading. In Section 3, the design 
process of the survey and the data collection process are described. 
Section 4 presents and discusses the results obtained through the anal-
ysis of the questionnaire-based survey and the DCE. Section 5 gives a 
conclusion of the main findings and provides policy recommendations. 

2. Conceptual framework 

2.1. Individual and collective prosumers 

Among prosumers willing to produce energy to provide for their own 
energy needs and to participate in energy markets, one can distinguish 
between individual prosumers, who install their own DER system (e.g. 
solar panels, micro-wind turbines), and collective prosumers, which 
refer to some form of organization (i.e. companies, municipalities, en-
ergy cooperatives, etc.) gathering multiple individuals who jointly co- 
own and manage DER (Inês et al., 2020). Energy cooperatives, which 
are organizations characterized by democratic decision-making and fair 
distribution of the economic surplus (Bauwens, 2016), have been 
recognized as the most common form of collective prosumer initiatives 
in Europe and their number is increasing swiftly in countries like Ger-
many, the UK, Belgium and the Netherlands (Bauwens et al., 2016; 
Campos et al., 2020). Furthermore, energy cooperatives were identified 
as facilitating actors in the transition to low-carbon energy systems 
(Seyfang et al., 2013) and may therefore also facilitate and drive the 
establishment and adoption of P2P electricity trading. 

Both individual and collective prosumers are potential participants 
in P2P electricity trading. Previous research projects which investigated 
preferences of prosumers regarding the way they want to trade and 
share self-produced electricity has highlighted a multiplicity of drivers 
and barriers. This paper follows the lines of reasoning adopted by 
several previous studies (e.g. Hahnel et al., 2020; Mengelkamp et al., 
2019; Mengelkamp et al., 2018) by examining these drivers and barriers 
along the economic, environmental, social and technological features of 
P2P electricity trading. These dimensions are reviewed in the following 
section. 

2.2. Drivers and barriers for participation in P2P electricity trading 

2.2.1. Economic 
Individual economic benefits, for example in the form of cost savings 

from their self-produced electricity, have been identified as important 
motivations for individuals to install DER and thereby becoming a 
prosumer (Palm, 2018). The introduction of subsidies, such as feed-in 
tariffs, has also encouraged the adoption of microgeneration, for 
example in the UK (Balcombe et al, 2013, 2014) and in Germany 
(Schaffer and Brun, 2015). In this perspective, a good knowledge about 
the involved costs and the existing subsidies showed significant positive 
impact on adoption of photovoltaic systems (Vasseur and Kemp, 2015), 
while perceived uncertainty around regulations and difficulties in the 
process of feeding-in and selling surplus electricity were identified as 
barriers for becoming a prosumer (Palm, 2017). Regarding collective 
economic benefits, economic incentives, including a high return on in-
vestment and a lower electricity price, were also identified as key drivers 
to join energy cooperatives (Bauwens, 2019). By contrast, economic 
barriers include high investment costs, long pay-off time and lack of 
subsidies (Balcombe et al, 2013, 2014; Enlund and Eriksson, 2016; Palm 
and Tengvard, 2017). 

Some studies found economic aspects to be the most important factor 
in decision-making processes regarding P2P electricity trading (Hack-
barth and Löbbe, 2020; Mengelkamp et al., 2019). Economic benefits of 
participation in LEM with P2P trading are achieved by an optimal uti-
lization of renewable DER and the related optimization of electricity 
procurement costs and returns, as losses can be minimized and demand 
may be reduced (Jogunola et al., 2017). The economic aspects of P2P 
electricity are also reflected by the required time to manage 
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transactions, as time can be seen as a scarce resource that households 
treat similarly to money (Heckman, 2015). In contrast to automatically 
feeding surplus electricity into the central electricity grid, participation 
in LEM requires regular interaction with an information system and 
therefore entails additional time and effort (Mengelkamp et al., 2018). 
Thus, easing the implementation and comfortable use of such systems 
through well-designed algorithms can result in increased willingness to 
participate in P2P electricity trading (Hackbarth and Löbbe, 2020). 

2.2.2. Environmental 
Environmental concerns, such as the desire to live a more sustainable 

lifestyle, have consistently been identified by previous studies as a major 
driver for individuals that decide to install renewable DER (Palm, 2018; 
Wittenberg and Matthies, 2016). Similarly, several studies looking at the 
motivations to join collective prosumer initiatives find that environ-
mental concerns play a major role (Bauwens, 2019). For instance, 
looking at individual motivations to join renewable energy cooperatives 
in Flanders, Bauwens (2017) showed that the support for the production 
of renewable energy was a more important motivation for joining such 
initiatives than the return on investment or the electricity price. Relying 
on a survey among members of German community-based renewable 
energy initiatives, Radtke (2014) showed that participants’ involvement 
was primarily driven by environmental motivations rather than finan-
cial return. A number of studies also confirmed that environmental 
benefits are the most influential factor for the participation in P2P 
electricity markets (Hackbarth and Löbbe, 2020; Mengelkamp et al., 
2018; Reuter and Loock, 2017; Wilkinson et al., 2020). 

2.2.3. Social 
Social factors play an essential role in motivating individuals to 

become prosumers. In particular, various studies have shown the 
importance of peer effects and social influences in the adoption of 
renewable DER such as solar PV (Axsen et al., 2013; Bollinger and Gil-
lingham, 2012; Palm, 2017). Peer effects are the influence of a person’s 
peers (e.g. neighbors, friends, relatives or colleagues) on their behavior 
and mainly occur through existing and rather close social relationships. 
They can facilitate the diffusion of DER by reducing barriers to adoption 
and by enhancing the level of trust in a technology (Palm, 2017). 

Research focusing on the drivers to join energy cooperatives also 
emphasizes the role of social factors, in particular, social identity to the 
group. Social identity can be defined as “that part of an individual’s self- 
concept which derives from his knowledge of his membership of a social 
group (or groups) together with the value and emotional significance 
attached to that membership” (Tajfel, 1978). Bauwens (2016) shows 
that energy cooperative members who identify more strongly with their 
cooperative tend to invest larger amounts of money and to participate 
more frequently in annual general assemblies. Regarding participation 
in LEM and P2P trading, Mengelkamp et al. (2018) also found a positive 
influence from individuals’ sense of community identity. Similarly, 
Wilkinson et al. (2020), in their study of a P2P market trial in Australia, 
found that many participants joined the trial on the basis of supporting 
the local community and broader social equity issues. This suggests that 
trade partners’ identity as well as the way the market is designed matters 
to prosumers’ decision-making processes when they trade surplus elec-
tricity. The ability to decide whom to share their electricity with is 
therefore an asset and a core feature of electricity trading platforms 
designed for P2P electricity exchange. 

The preference for the social connection with trading partners may 
also be reflected in the participant’s preferred return. In a field research 
carried out in rural India, Singh et al. (2018) found that preferred 
returns for energy provided to peers vary depending on the prosumer’s 
personal relationship with their peer or community. The authors found 
that the closer the connection of energy providers was with the con-
sumer, the more likely they accepted returns different from in-cash 
payments: in-kind returns of a non-cash form but still of monetary 
value, and intangible returns of a non-monetary form, which are 

unmeasurable and unquantifiable social gestures. Accordingly, P2P en-
ergy trading can be an opportunity to provide electricity to everyone in a 
more equal and just manner (Giotitsas et al., 2015; Ruotsalainen et al., 
2017). The concept can be used to encourage sharing resources for the 
benefit of individuals, communities and society at large, leading to more 
energy efficiency and a democratization of energy (Parag and Sovacool, 
2016). 

2.2.4. Technological 
Further motives for becoming a prosumer are independence from 

energy companies and curiosity about the technology, while inexperi-
ence with underlying technologies and their installation is perceived as a 
barrier (Palm, 2018). A technological interest also influences the 
participation in LEM positively (Mengelkamp et al., 2018; Reuter and 
Loock, 2017; Wilkinson et al., 2020). P2P trading can increase pro-
sumers’ self-sufficiency allowing for a certain level of autonomy from 
private or state-owned energy suppliers and grid operators (Morstyn 
et al., 2018). At the same time, distributed ledger technologies behind 
the electricity trading platform ensure that data is kept private and 
protected (AlSkaif et al., 2021; Buth et al., 2019). 

When appropriately managed, local and smart electricity grids have 
the potential to improve grid efficiency and to utilize more of the energy 
that is generated by a renewable DER, thereby reducing energy losses 
(Morstyn et al., 2018) and the required imports from a central grid (van 
Leeuwen et al., 2020). P2P trading can help to increase the overall ef-
ficiency of the energy system due to locally optimized management of 
supply and demand. Recent studies show that considering energy effi-
ciency improvements in P2P trading can result in a better match be-
tween demand and local energy supply, which can be considered as a 
proxy for reducing losses in the network (AlSkaif et al., 2021). 
Furthermore, by optimizing the utilization of DER to match the flexible 
demand (e.g. charging electric vehicles), peak load can be reduced 
(Brinkel et al., 2020). 

The four dimensions of drivers and barriers identified in literature 
are expected to have a varying influence on prosumers’ individual 
preferences for trading electricity. In particular, we expect that envi-
ronmental and economic factors play the most important role, in line 
with previous studies. The next section presents the methods used to 
analyze this influence, to identify differences in trading preferences in 
prosumers with diverse characteristics and attitudes, (e.g. regarding the 
membership in an energy cooperative) and to examine the potential of 
non-monetary compensation for trading surplus electricity. 

3. Methodology and data 

3.1. Context 

The survey underlying this research was conducted with prosumers 
in the Netherlands. Three trends in the Netherlands provide a strong 
case for alternative electricity trading schemes like P2P trading and, 
therefore, motivated the choice of this country as the empirical setting 
for this study. First, the Dutch government made commitments to in-
crease the share of renewable energy to at least 27% in 2030 (Ministry of 
Economic Affairs and Climate Policy, 2019). Second, in 2023, the cur-
rent financially attractive net-metering system will be replaced by ter-
ugleversubsidie, a return subsidy comparable to a feed-in tariff (FiT), 
which will effectively decrease the financial return for prosumers 
(Rijksoverheid, 2019). Third, the number of energy cooperatives is 
increasing rapidly. In 2019, the number of energy cooperatives in the 
Netherlands increased by 20% compared to the previous year – accu-
mulating to 582 energy cooperatives with an estimate of 85,000 mem-
bers (HIER opgewekt and RVO, 2019). Some regulations have 
contributed to this development, notably the postal-code-area regula-
tion, which enables local energy cooperatives to supply their members 
with electricity (ECoop, 2020). The regulation stipulates that members 
of an energy cooperative must share the same postal code in order to 
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exchange electricity among themselves, and to apply to the net metering 
law and be eligible for tax advantages (Campos et al., 2020; Kooij et al., 
2018). This exemption allows prosumers to participate in retail elec-
tricity markets, for which they usually need to have a status as a supplier 
(Campos et al., 2020). 

3.2. Design of the discrete choice experiment 

This research made use of a DCE, which is a widely applied method 
for analyzing complex decision-making processes (Mangham et al., 
2009). The method uses an attribute-based survey to measure individual 
preferences. It assumes that participants strive to maximize their utility 
through rational decision-making when selecting a bundle of attributes 
which satisfies their needs. The method strives to simulate real-life 
decision-making processes in order to calculate preference scores 
which respondents assign to the selected attributes that define the 
product or service (Lüthi and Prässler, 2011). 

For the DCE, several key attributes were selected to describe the 
different alternatives of electricity trading systems. Attributes should 
reflect the characteristics of the investigated decision that are expected 
to affect respondents’ choices the most. At the same time attributes 
should be policy relevant (Mangham et al., 2009). The selected attri-
butes (see Table 1) are all deemed appropriate to investigate the pref-
erences of prosumers regarding electricity exchange. They cover 
economic, environmental, social and technological aspects that are 
related to renewable DER and electricity trading in order to incorporate 
the multiple dimensions that prosumers may consider when making a 
decision regarding the use of surplus electricity. A participant repeatedly 
choosing beneficial attribute levels of one aspect over others can be 
interpreted as the participant preferring that aspect. Each attribute has 
several levels, which define the attributes’ possible values. Overall, six 
attributes were chosen, and three levels were assigned to each attribute. 
The levels were chosen such that one describes a trading process with 
the traditional grid, one means to reflect a P2P trading system, and one 
describes an intermediate state reflecting indifference. The first selec-
tion of attributes was made from reviewing relevant literature. To 
identify the attributes and attribute levels most relevant for answering 
the research question, experts and prosumers were interviewed. 

In so-called choice sets, participants are presented with three alter-
native trading scenarios – each consisting of all six attributes with 
varying attribute levels. Most DCEs do not contain more than sixteen 
choice sets to remain below the “boredom threshold”, which describes 
the point at which questionnaire participants become fatigued from 
being asked too many questions (Hanson et al., 2005). As the survey in 
this study does include several questions besides the DCE, the decision 

was made to include only twelve choice tasks. Of the twelve choice sets, 
nine were designed to later analyze participants’ preferences and three 
were designed as so-called holdout tasks. The nine choice sets were 
designed making use of the Balanced Overlap function in the Lighthouse 
Studio software tool (Sawtooth Software, 2020).2 The remaining three 
choice sets are so-called holdout tasks and serve as a validity measure. 
These choice sets are fixed and thereby every participant received them 
in the same position within the choice experiment. Considering the 
number of alternative options in a choice task, this DCE used three al-
ternatives which corresponded with the amount of levels in each attri-
bute. Three alternatives generate sufficient data for analyses, while also 
being processed well by participants (Orme, 2010). 

3.3. Questionnaire structure 

The questionnaire consisted of four sections as illustrated in Fig. 1. 
The first section of the survey was intended to collect insights about 
participants’ characteristics through several closed-ended questions that 
they could answer by choosing one or several options from a predefined 
set of answers (see Table A1). The questions covered the reasons why 
they decided to install a renewable energy system, the reasons why they 
chose their current energy supplier, whether they were members of an 
energy cooperative and, if so, the reasons why they became a member 
and, finally, their willingness to give surplus electricity for free or for 
indirect financial compensation. The second section contained the DCE 
as described in the previous section (see Table A2).3 

The third section intended to measure the participants’ level of 
environmental concern, their sense of identity with their local commu-
nity, and their affinity towards technology (see Table 2, Table A.3). Each 
of these three constructs were assessed with two statement questions, 
which were to be answered on a 5-point Likert scale which ranged from 

Table 1 
Final selection of attributes from the relevant literature on P2P electricity 
trading, the researcher’s and the project partners’ prior knowledge and experi-
ence on the topic, and through interviews with prosumers and experts.  

Attribute Category Levels 

1 CO2 

emissions 
Environmental Low Medium High 

2 Social 
connection 
with 
electricity 
trading 
partner 

Social None 
(anonymous) 

Direct 
(neighbour) 

Close 
(friends 
and 
family) 

3 Selling price Economic 10 €ct/kWh 15 €ct/kWh 20 €ct/ 
kWh 

4 Additional 
effort (time) 

Economic 0 h/month 2 h/month 4 h/ 
month 

5 Improved 
efficiency 

Technological 5% 15% 30% 

6 Self- 
sufficiency 

Technological Low Medium High  

Fig. 1. Schematic representation of the questionnaire structure.  

2 The Balanced Overlap function generates a randomised design, which re-
sults in a large number of unique choice sets so that each participant received a 
unique DCE. This has the advantage of generating significantly more data than 
in a fixed design where every participant would receive the same choice sets.  

3 A video showing how the DCE is answered by an exemplary respondent is 
provided with the supplementary material of this article. 
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1 (strongly disagree) to 5 (strongly agree). The internal consistency of 
the two statements measuring each construct was assessed with Cron-
bach’s Alpha. With values above 0.6 for all three constructs, they are 
internally consistent, i.e. the two chosen statements are reliably 
measuring the same concept (Peterson, 1994). The fourth and last sec-
tion of the survey contained questions regarding the respondent’s 
socio-economic characteristics (see Table A.4) asking participants about 
their socio-economic background, such as their age, gender, and edu-
cation. Furthermore, they were asked in which setting, i.e. large city, 
medium city, small city or village, their household is located, how many 
people live in their household, and their household’s average yearly net 
income. 

3.4. Data collection and sample 

The link to the online survey was distributed through the network of 
the project partners via email and social media to reach as many 
members of the target group (i.e. prosumers) as possible. Via email, over 
25 organizations and individuals active in fields related to RE projects or 
energy cooperatives in the Netherlands were approached to diffuse the 
link among their members. Furthermore, the link was posted in Dutch 
social media communities for prosumers with a total of over 4000 
members. Next to that, the link was shared multiple times on the social 
media platform Twitter by several account holders working with pro-
sumers and energy cooperatives. The exact amount of people receiving 
the link is difficult to determine due to the nature of the fielding process. 
A filtering question was used at the beginning of the survey to exclude 
non-prosumers, thereby ensuring that the individuals filling the survey 
belonged to the target group. Finally, the representativeness of the 
sample is limited, as solely prosumers who have access to the internet 
and the previously mentioned communication channels received the 
survey. The fielding took place over seven weeks from the 14th of April 
2020 until the 1st of June 2020. 

To ensure that only participants who gave valid responses were 

included in the results analysis, speeders who took less than 50% of the 
median time to finalize the survey were removed. The proposed mini-
mum sample size for this DCE is 564. Out of 90 completed surveys, four 
participants were classified as speeders and twelve respondents were 
excluded because they indicated that they did not have a renewable 
DER. Therefore, 74 respondents were included in the final sample for the 
analysis. In summary, the sample can be described as being dominated 
by middle-aged males with a high level of education living in smaller 
sized households within medium-sized cities or in rural areas, who have 
a relatively high household net income compared to the Dutch average 
of €31,000. Details can be found in Table 3. Of the surveyed prosumers, 
almost half (45%) were a member of an energy cooperative or com-
munity. The socio-economic characteristics of the sample are similar to 
those of other surveys with energy cooperative members (Bauwens, 
2019) and prosumers (Hahnel et al., 2020). 

3.5. Data analysis 

The DCE was analyzed using the Hierarchical Bayes (HB) estimation 
method, which is the most commonly used method of analysis for data 
from conjoint studies (Rossi and Allenby, 2003). The HB estimation 
model can be used to calculate average part-worth utilities from indi-
vidual part-worth utilities of each respondent. Part-worth utilities 
measure the contribution of attribute levels to the overall utility, i.e. the 

Table 2 
Statements regarding attitude towards the environment, their local community, 
and technology.  

Construct Cronbach’s 
alpha 

Statement Source 

Environmental 
concern 

0.65 I am concerned about 
human behavior and its 
impact on the climate 
and the environment. 

Hackbarth and 
Löbbe (2020) after 
Kuckartz (2000) 

I always pay attention to 
ecological criteria when 
buying products and 
services. 

Community 
identity 

0.82 I feel a strong 
identification with my 
local community. 

Mengelkamp et al. 
(2019) 

There are many people 
in my local community 
whom I think of as 
friends. 

Kalkbrenner and 
Roosen (2016) 

Affinity to 
technology 

0.83 Learning how to use a 
technological device is 
easy for me. 

Karrer et al. (2009) 

I enjoy exploring new 
technologies.  

Table 3 
Socio-demographic characteristics of the final sample (N = 74).  

Demographic % 

Age younger than 25 0 
25–35 4 
36–45 16 
46–55 28 
56–65 38 
older than 65 14 

Gender Female 12 
Male 85 
Third gender/Non-binary 1 
Prefer not to say 1 

Education No formal education 0 
High school diploma 3 
MBO (vocational) 14 
HBO (applied sciences) 28 
Bachelor’s degree 8 
Master’s degree 36 
PhD or higher 9 
Prefer not to say 1 

Household location Large city 22 
Medium-sized city 35 
Small town 12 
Rural community 31 

Household size 1 5 
2 45 
3 19 
4 23 
5 or more 8 

Household net annual income under €20,000 5 
€20,000 - €39,999 15 
€40,000 - €59,999 35 
€60,000 - €79,999 20 
over 80,000€ 24  

4 According to the proposed rule of thumb to calculate the minimum required 
sample size for a DCE using the equation N ≥ 500⋅ c⋅t ⋅ a (Orme, 2019). Where 
c equals the largest number of levels for any of the attributes, t the number of 
choice tasks and a is the number of alternatives. The number 500 represents the 
least amount of times each attribute level must be represented in the DCE to 
achieve sufficient stability in estimates. In this study c equals 3, t is 9 (without 
holdout tasks), and a is 3. 

E. Georgarakis et al.                                                                                                                                                                                                                            



Energy Policy 159 (2021) 112615

6

influence of a change of the respective variable on the prosumers like-
lihood to participate in a specific type of electricity trading (Lüthi and 
Prässler, 2011). 

The Lighthouse Studio software used for the calculations assumes the 
differences in predicted and actual choices are distributed normally and 
independently of one another (Sawtooth Software, 2020). Then, several 
thousand iterations are performed to adjust each respondent’s utilities 
to reflect the optimal mix of individual choices and sample averages 
(Howell, 2009). Because part-worth utilities are interval data which 
were randomly scaled to an additive constant within each attribute, it is 
not possible to compare utility values between different attributes. 
Therefore, part-worth utilities are zero-centered within each attribute 
and the sum of the average differences between best and worst levels 
across all attributes is equal to the number of attributes times a hundred 
(Orme, 2010). Thereby, differences between attribute levels can be 
compared. Finally, the importance scores of each attribute can be 
calculated by taking the range of the attributes’ utility values, i.e. the 
highest and the lowest part-worth utility of each attribute (Lüthi and 
Prässler, 2011). Here, a bigger range means that the attribute is deemed 
to have higher importance. 

3.6. Data validity 

The HB model computation was set to 100,000 iterations (of which 
the first 50,000 were discarded) before convergence was assumed. The 
values are based on a logit model that calculates the probabilities of 
respondents choosing tasks. The Percent Certainty5 indicates that the log 
likelihood is on 72.3% between chance value and the perfect fit value 
(Orme, 2009). The Fit Statistic Root Likelihood6 indicates that the model 
predicts the outcome of a choice task correctly 73.8% of the time (Orme, 
2009). 

The three included holdout tasks were analyzed as an indication for 
the validity of the results. The HIT rate was calculated, which is a 
measure to assess how well the modelled individual utilities predict 
actual responses. The HIT rate was identified to be at 70.27%, which 
indicates that the model predicts respondents’ choices well (Orme, 
2009). The first and second holdout task were identical to test the 
test-retest reliability. 81.1% of respondents selected both identical 
choice tasks that appeared in the third and the twelfth position of the 
DCE. This serves as indication that most respondents paid good attention 
when they chose alternatives, and therefore, for the validity and use-
fulness of the results. The third holdout task was used to measure 
convergent validity. A majority, 58.1% of the respondents, chose the 
alternative with environmental benefits, which is in line with findings 
from the utility analysis (see 4.3.). 

4. Results and discussion 

4.1. Prosumers’ characteristics and attitudes 

Regarding the reasons why respondents installed a renewable energy 
system (Fig. 2), the vast majority (over 85%) stated they wanted to 
tackle the climate change problem by being part of the clean energy 
transition. 75% of the respondents wanted to reduce their energy costs. 
The reasons of having more control over energy production and use, 
receiving a subsidy, and having an interest in the technology were each 

chosen by about a third of the participants. When asked about the rea-
sons for choosing their current energy provider (Fig. 3), the majority 
(72%) indicated they chose them because the supplier provided green 
energy, while only 20% made the decision based on the company of-
fering the lowest costs. The most prominent reasons to become an en-
ergy cooperative member (Fig. 4) was to tackle the climate change 
problem (82%) and to decentralize the energy production in the 
Netherlands (65%). This is in line with studies which find that cooper-
ative membership is primarily driven by environmental motivations 
rather than financial return (Bauwens, 2017). About half of the coop-
erative members wanted to create a sense of local community (50%) and 
to improve revenues for the community (41%). 

Fig. 5 presents the results of the surveyed prosumers’ attitudes to-
wards the environment, their local community and technologies. The 
two statements measuring the construct environmental attitude received a 
high combined mean value of 4.14, indicating that most respondents 
have a high environmental concern. This is in line with other studies 
investigating prosumers’ environmental attitudes (Hahnel et al., 2020) 
and environmental concerns being a main driver for installing a DER. It 
is also consistent with the previous finding that 82% of the participants 
became prosumers to tackle the climate change problem (see Fig. 2). The 
two statements measuring the construct community attitude were 
assessed with lower agreement values. Their combined mean value is 
3.23, while this value is somewhat higher among energy cooperative 
members (3.44). The last two statements which measured the construct 

Fig. 2. Reasons for installing a renewable energy system (N = 74).  

Fig. 3. Reasons for choosing the current energy provider (N = 74).  

5 The Percent Certainty indicates where the analysis results lie within the 
range of complete chance and the perfect solution. A value of 0 would mean 
that the model fits the data only at chance level, while a value of 1 means that 
the data is a perfect fit of the model.  

6 The Fit Statistic Root Likelihood is the geometric root of likelihoods across 
all respondent tasks. It can be interpreted as follows: Respondents have 3 al-
ternatives to choose from. At a random guess each alternatives probability of 
being picked is 1/3 (33%). A value of 1 indicates perfect fit of the model. 
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technological attitude were both rated with higher agreement. The sam-
ples combined mean value for the two statements is 4.19, and thereby 
higher than in studies which did not specifically target prosumers (e.g. 
Hackbarth and Löbbe, 2020; Mengelkamp et al., 2019). The sample’s 
high interest in technologies reflects the notion that individuals are less 
likely to adopt DER installations when they lack technological interest 
(Palm, 2018). The finding that prosumers show a higher interest in 
technologies can therefore influence their participation in electricity 
trading, as also suggested in previous studies (Mengelkamp et al., 2018; 
Reuter and Loock, 2017; Wilkinson et al., 2020). 

These attitudes were also compared between cooperative members 
and non-members. Significance was tested with a two-tailed t-test. 
Regarding the attitudes towards the environment, cooperative members 
had on average a higher approval of the two respective statements (M =
4.38) than non-members (M = 3.94), t(73) = 2, p = .009. This, again, 
shows that cooperative members are strongly driven by environmental 
motives. Cooperative members’ attitudes towards their community (M 
= 3.44) were also significantly higher than those of non-members (M =
3.04), t(73) = 2, p = .026. This underlines that cooperative members feel 
a stronger sense of belonging in their local community than individual 
prosumers. As both these aspects were identified as drivers for partici-
pation in P2P trading (Mengelkamp et al., 2018), this suggests that 
members of energy cooperatives are especially likely to participate in 
P2P electricity trading. 

4.2. Willingness to exchange for free or indirect financial returns 

Regarding the willingness to exchange surplus electricity without a 
return or for an indirect financial return (Fig. 6), our findings show that 
60% of respondents would be willing to give surplus electricity for free 
and 76% would be willing to do so for an indirect financial return. In 
addition, 77% of the participants who would give away surplus for free 
and 70% of those who would do so for an indirect monetary return, 
would give it to a household that cannot afford electricity. These find-
ings support the idea that prosumers see electricity as social capital they 
give to consumers in need (Jogunola et al., 2017) and supports the 
previous finding that participants of P2P electricity platforms show a 
high interest in social equity (Wilkinson et al., 2020). 

Moreover, of the participants who would give away surplus for free, 
52% would give it to a family member, 50% to a public facility (e.g. 
schools) in the community, 39% to a friend, 30% to someone in their 
community they know and 14% to someone they do not know. Of the 
participants who would give away surplus for an indirect monetary re-
turn, 72% would give it to a public facility, 50% to someone in their 
community they know, 43% to a family member, 41% to a friend and 
34% to someone they do not know. These findings indicate that non- 
monetary compensation is more likely to be accepted with family 
members, friends, and familiar community members. This is consistent 

Fig. 4. Reasons for becoming a member of an energy cooperative or commu-
nity (N = 34). 

Fig. 5. Results of environmental, community and technological attitude statement questions.  

Fig. 6. Results for the willingness to give surplus electricity for none or an 
indirect return (N = 74). 
Note: Since participants were given the option to select multiple responses, 
percentages may add up to over 100%. 
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with Singh et al.’s (2018) study in the context of off-grid energy com-
munities in rural India, which shows that the willingness to accept 
returns different from in-cash payments increases with the strength of 
the social relationship between energy providers and consumers. Our 
finding supports this result in the context of a high-income country in 
the global north. It also underscores the importance of community 
norms in facilitating P2P electricity trading. 

In addition, when comparing prosumers participating in the study 
who were energy cooperative members to those who were not, our 
findings show that cooperative members are more willing to exchange 
surplus electricity for free (68% vs. 53%) and for indirect financial 
returns (85% vs. 68%) than non-members. This is consistent with the 
cooperative ideal, according to which energy cooperatives strive to 
democratize energy production and consumption in a more equal way, 
promoting solidarity among members (e.g. Vansintjan, 2015). This 
result also illustrates the potential key role that energy cooperatives may 
play in advancing a socially just energy transition. 

4.3. Prosumer preferences for electricity trading 

Using the Hierarchical Bayes estimation method, the part-worth 
utilities with standard deviations of the attribute levels were calcu-
lated (Table 4).7 Within the attribute CO2 emissions, the level “low” has 
the highest utility and is therefore preferred, and the level “high” has the 
lowest utility. For the attribute selling price, the highest price of 20 €ct/ 
kWh has the highest utility, and the lowest price of 10 €ct/kWh has the 
lowest utility. Having the choice of the social connection with an electricity 
trading partner, on average respondents preferred someone they know 
closely (e.g. a friend or a relative), which was indicated by the level 
“close” having a higher utility as compared to the two other levels of the 
attribute. When it comes to the attribute additional effort (time), no 
additional amount of time spent per month was preferred, while an 
additional 4 h/month had the lowest utility score. The improved effi-
ciency level of 30% had a superior utility score, compared to the ones of 

the levels 15% and 0%. Finally, the attribute self-sufficiency had the 
highest utility value for the level “high” and the level “low” the lowest 
utility. 

The HB model also estimates the attributes importance scores, which 
indicate the importance of an attribute relative to the other attributes. 
Fig. 7 gives a graphic representation. With 37.74%, the attribute CO2 
emissions had by far the highest impact on respondents’ decision-making 
process. This is followed by the attribute additional effort (time) with 
19.60%. After this the relative importance of the remaining four attri-
butes selling price, improved efficiency, self-sufficiency and social connection 
is close together and appears in this order while ranging from 12.58% to 
8.53%. 

These results show that the average respondent’s choices are mostly 
influenced by the attribute CO2 emissions, while the other five attributes 
influence the decisions to a lesser extent. This implies that respondents 
would make trade-offs, for example accept a lower selling price, to 
ensure that their electricity use is associated with low CO2 emissions. 
This is in line with previous findings that showed that a positive attitude 
towards the environment is the main predictor for the willingness to 
participate in P2P electricity trading (Hackbarth and Löbbe, 2020; 
Mengelkamp et al., 2018). This result also reflects the more nuanced 
approach of targeting prosumers instead of general electricity con-
sumers, for whom other studies identified economic attributes to be 
most influential (Hahnel et al., 2020; Mengelkamp et al., 2019). In the 
context of this survey, the dominance of the environmental attribute 
may be explained by the sample consisting of RE prosumers, a large 
share of whom are also members of an energy cooperative. They are thus 
particularly strongly committed to the development of sustainable en-
ergy. This can also be related to the finding that a large majority of re-
spondents installed a renewable DER and joined an energy cooperative 
primarily to tackle the climate change problem by being part of the clean 
energy transition, which further confirms that they are particularly 
strongly environmentally concerned. 

The second priority of respondents when choosing an electricity 
trading concept was the amount of additional effort (in terms of time 
spent monthly) that would be potentially required for managing the 
trading processes. Prosumers were more reluctant to choose trading 
scenarios that included more additional effort. This was particularly the 
case for respondents which were identified to have lower interest in new 
technologies and stated they had difficulties when using them. This 
finding supports similar tendencies which were found in other studies 
where an increasing need for coordination was identified as a potential 
risk for the adoption of P2P electricity trading (Reuter and Loock, 2017) 
and where systems with easy implementation and comfortable service 
bundles were preferred (Hackbarth and Löbbe, 2020). This implies that 
a well-managed and highly automated trading platform is vital for the 

Table 4 
Average utility scores and standard deviations.  

Attribute Attribute 
levels 

Average 
Utilities 

Standard 
deviation 

CO2 emissions Low 79.9 83.39 
Medium 32.14 19.28 
High − 112.04 80.89 

Selling price 10 €ct/kWh − 25.12 37.8 
15 €ct/kWh − 2.26 17.36 
20 €ct/kWh 27.38 41.27 

Social connection None − 20.44 19.08 
Direct 1.74 19.44 
Close 18.7 19.84 

Additional effort 
(time) 

0 h/month 45.41 49.39 
2 h/month 9.54 25.48 
4 h/month − 54.95 50.57 

Improved efficiency 0% − 29.37 24.42 
15% 6.98 24.83 
30% 22.39 22.87 

Self-sufficiency Low − 17.85 34.08 
Medium − 7.52 14.44 
High 25.38 29.21  

Fig. 7. Average Importance scores.  

7 The part-worth utilities were zero-centered, i.e. normalised, in order to 
facilitate their interpretation. The higher the utility score of an attribute level is, 
the more attractive it has been on average for respondents in the study. A 
negative utility score does not imply that the attribute level is unattractive, but 
solely that it is less attractive relative to other levels. An average utility score is 
built from the individual utility scores of each respondent and for each attribute 
level. The average utility scores cannot be compared across attributes but only 
across levels within the same attribute. 
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success of P2P trading. 
The price for which surplus electricity can be sold, on the other hand, 

played a significantly lower role in the decision-making of respondents 
compared to the two previously mentioned attributes. Still, when 
choosing a trading scenario, prosumers preferred higher over lower 
selling prices, which is in line with findings from other studies (Hahnel 
et al., 2020; Mengelkamp et al., 2019). This also corresponds to a ma-
jority of respondents having stated that they installed the renewable 
DER in order to reduce their energy costs. While the economic benefits 
of P2P trading should be emphasized, they may not play the most sig-
nificant role in prosumers decision to participate in P2P trading. 

The next finding concerns the extent to which respondents found it 
important that their choice of electricity trading influences the overall 
efficiency of electricity supply. While preferring systems with the 
highest possible efficiency improvement, respondents’ choices were not 
heavily influenced by this attribute. The role of efficiency improvements 
for individuals’ decisions has not been investigated before in the context 
of P2P electricity trading. Yet, it is one of the benefits over large-scale 
centralized electricity grids (Jogunola et al., 2017). Therefore, the 
communication of this aspect may be beneficial to achieve increasing 
participation, although it was not seen as one of the most important 
aspects. Especially so, because the improved efficiency has positive 
impacts on both the CO2 emissions and the selling price by utilizing 
more electricity from the prosumers’ renewable DER. 

Although trading scenarios with high levels of self-sufficiency were 
preferred by respondents, their decisions were not highly influenced by 
the degree of self-sufficiency presented. This corresponds with the 
additional finding that only a minority of respondents installed their 
renewable DER to have more control over their own energy production 
and use. In addition, this matches statements given in the interviews 
with prosumers that preceded the survey, in which many interviewees 
mentioned that they expect to remain reliant on large centralized grids 
and thereby big energy providers. Still, some interviewees expressed 
that self-sufficiency is an aspect that they deem important in the light of 
insecurities of future electricity supply related to the phase-out of 
electricity from fossil sources in the Netherlands. This dichotomous 
finding both supports and contradicts literature that ascertained that 
increased autarky, which is related to the concept of self-sufficiency, 
negatively influences individuals’ willingness to participate in P2P 
electricity trading (Ecker et al., 2018). Nevertheless, due to the vari-
ability of energy supply from DERs, trading ones’ surplus electricity with 
peers can be a means to achieve a certain level of self-sufficiency from 
larger energy companies through local electricity exchanges, without 
compromising the self-sufficiency of prosumers since only surplus 
electricity is traded. A further distinction should be made between 
self-sufficiency on the individual level and on the community level. 
While P2P trading increases the latter, prosumers become more 
dependent on their community in the process. The preferences of pro-
sumers regarding these different forms of self-sufficiency should be 
addressed in future research. 

Even though self-sufficiency does not seem to be as important to 
respondents as other aspects of electricity trading, its impact should be 
investigated again when prosumers are confronted with potential future 
insecurities of electricity supply and remuneration schemes. Addition-
ally, future research may investigate explicitly how prosumers’ desire 
for control and their trust in existing energy infrastructure, influences 
their preference for electricity trading schemes. These two aspects were 
indirectly addressed within the attribute self-sufficiency, which was 
explained as entailing the level of autonomy from energy providers and 
the level of data privacy in the experiment (see Appendix A, Table A.2). 
To further differentiate between their individual influence on pro-
sumers’ trading preferences, future research may explicitly investigate 
the two aspects of independence in terms of energy use and in terms of 
data privacy separately. 

The ability to choose electricity trading partners according to one’s 
preferences is a unique feature of P2P electricity trading. Although 

having the smallest impact on the choices made by the participating 
prosumers, a valuable finding was that respondents preferred having a 
trading partner they stand in a close social relationship with, i.e. a family 
member or friend. This contradicts findings by Reuter and Loock (2017), 
who found no indication for preferred relations to trading partners. 

The previous analyses were repeated separately for cooperative 
members and non-members to identify potential differences. Signifi-
cance was tested using a two-sided t-test to compare the means of util-
ities and importance scores. The average utility scores for the attribute 
levels 10 €ct/kWh and 20 €ct/kWh within the attribute selling price 
differed significantly between members and non-members. Energy 
cooperative members’ average utility was significantly higher (M =
− 12.76 vs. M = − 35.62) for the lower price and significantly lower for 
the higher price (M = 13.01 vs. M = 39.59), t(73) = 2, p = .007 and p =
.003. This result indicates that members, on average, have less extreme 
preferences for the amount of money they can sell their surplus elec-
tricity for. This is also indicated by a significantly lower importance 
score (M = 8.84% vs. M = 15.77%) for the attribute selling price, t(73) =
2, p = .001, meaning that the attribute had a lower impact on energy 
cooperative members’ decision-making process, compared to non- 
members. This result suggests that energy cooperative members, on 
average, are less motivated by economic factors than non-members, in 
accordance with previous studies which show that cooperative members 
are primarily motivated by environmental or other non-financial aspects 
(Bauwens, 2017; Radtke, 2014). 

5. Conclusion and policy implications 

This research was based on a survey which included a DCE con-
ducted with prosumers in the Netherlands to elicit their preferences 
regarding P2P electricity trading. The findings show that the environ-
mental attribute (CO2 emissions) was by far the most important factor 
influencing respondents’ decisions about electricity trading concepts. 
The second most influential attribute was additional effort (time), while 
the economic attribute (selling price), which was expected to play a 
major role in the decision making, only came third and almost on the 
same level as the remaining three attributes: improved efficiency, self- 
sufficiency, and social connection. This shows that the decision about 
partaking in P2P electricity trading among the participating prosumers 
is not solely financially driven, but highly influenced by the environ-
mental impact of the consumed electricity and the extra efforts required. 

Furthermore, the study extends the current state of research on P2P 
electricity trading by investigating prosumers’ willingness to provide 
surplus electricity for free or indirect financial returns. More than half of 
the respondents indicated that they would provide free electricity to 
certain groups, and three quarters would accept an indirect return. The 
actors they would most likely give electricity to under these conditions 
are households that cannot afford energy or public facilities in their 
community. This result is especially important for advancing a socially 
fair energy transition, as it illustrates how P2P trading could help low- 
income households gain access to renewable electricity through their 
local community. 

In addition, the results demonstrate that energy cooperative mem-
bers attach less importance to the attribute selling price and are more 
likely to choose trading scenarios with lower selling prices, suggesting 
that their participation in P2P electricity trading is more strongly driven 
by non-economic factors. Cooperative members also show a higher 
concern for their community and feel more strongly connected to it. 
Finally, they were more willing to participate in electricity exchanges 
which entailed no return or an indirect financial compensation. This 
indicates that next to the individual economic benefits, prosumers are 
also interested in collectivizing economic benefits within their 
community. 

Admittedly, this study also has limitations. First, it must be noted 
that the survey had a rather small sample size of 74 respondents, 
whereas 68% of comparable studies using a DCE have sample sizes of 
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over 100 (Bekker-Grob et al., 2015). Reasons for the small number of 
participants are the limited resources available for the study, the deci-
sion to only include prosumers and the used distribution channels. 
Nevertheless, significance tests showed that enough datasets were 
available to receive reliable DCE results, which comes from the fact that 
each participant answered nine choice tasks, resulting in a total of 666 
datasets. Still, a potential consequence of the small sample size is a 
reduced generalizability of the study from the rather homogenous 
socio-economic characteristics of the respondents. Hence, it cannot be 
ruled out that the study’s findings are not applicable to the general 
population of Dutch prosumers. To be able to derive geographically 
sensitive policies, we recommend repeating adapted versions of the 
study on regional levels, e.g. on municipality level, with a sample that is 
representative of the specific region. 

Second, one can expect that a participant’s intention alone does not 
necessarily lead to the corresponding behavior, i.e. in this case the 
participation in a P2P electricity market. This so-called inten-
tion–behavior gap describes the discrepancies between an individual’s 
intentions regarding their actual behaviors, which can be explained with 
too optimistic goals and missing abilities and resources to achieve these 
goals (Sheeran and Webb, 2016). The proposed survey method, i.e. the 
DCE, has potential to work around this bias, as it does not directly ask for 
participants’ intentions, but implicitly investigates their preferences. To 
investigate the impact of intention-behavior gaps, further research could 
conduct longitudinal studies on this matter, where participants’ indi-
cated preferences are checked against actual behavior. 

Third, the criterion for survey participants to be included in the final 
sample was to be a prosumer. This criterion was fulfilled when a 
participant indicated that they own a DER. Since there was not addi-
tional measure to verify the criterion, the results are reliant on the 
participant truthfully filling in the questionnaire. Next to prosumers, 
consumers may also participate in P2P electricity trading. Therefore, we 
recommend repeating the study with a larger sample that also includes 
consumers in order to elicit their trading preferences and investigate 
potential distinctions to prosumers. 

Following the findings of this study, several implications for the 
marketing of P2P electricity trading, the platform design and required 
policies can be given. When marketing a P2P electricity trading platform 
to existing prosumers, operators should emphasize the environmental 
benefits of P2P electricity trading to attract the large group of envi-
ronmentally driven prosumers. Economically driven prosumer can be 
attracted by communicating that P2P trading can result in higher selling 
prices than conventionally feeding electricity into a central grid. To 
attract niche market customers that attach high value to community 
aspects and social exchange, the unique characteristics of P2P trading (e. 
g. the possibility to exchange electricity with selected peers) should be 
communicated. In addition, peer effects within local communities (e.g. 
word of mouth) can be utilized to increase the awareness for P2P 
trading. While the design of a P2P trading platform should incorporate 
options to set transactions according to individual preferences, the 
platform should, at the same time, enable automatic transactions which 
require minimal effort (e.g. by incorporating an intelligent agent system 
that enables automatic electricity transaction), thereby addressing the 
concerns of participants who highly value electricity trading with little 
additional effort. 

Furthermore, policy makers can take into consideration that most 
prosumers were willing to provide generated surplus electricity for a 
non-monetary return or even for no return at all to drive the renewable 
energy transition in a fairer and just way. Within P2P electricity trading, 
the exchange of more affordable renewable energy with low-income 
households can be promoted as a way to spread the use of low-carbon 
energy among socio-demographic groups who are otherwise excluded 
from it. Because energy cooperative members in particular showed a 
higher willingness to participate in these exchanges, energy co-
operatives can adopt P2P electricity trading concepts to emphasize their 
role as key actors in a fair energy transition. 

More generally, energy cooperatives, as they are strongly rooted in 
local communities and promote the values of fairness and solidarity 
among their members and with the rest of society, can act as forerunners 
and facilitators for a socially just development of P2P electricity trading. 
Hence, they should be involved in the process of setting-up P2P trading 
as initiators and governing institution of the P2P electricity market 
(Reuter and Loock, 2017). This is especially important in the context of 
changing support mechanisms for renewable energy, which often force 
local organizations such as energy cooperatives to search for new 
financially sustainable business models and to diversify their activity 
portfolio (Bauwens, 2020; Herbes et al., 2017). In this perspective, P2P 
electricity trading appears to be a particularly attractive model for them. 
However, next to the technical requirements, the incorporation of P2P 
electricity trading schemes into cooperatives’ business models also re-
quires a certain open-mindedness of cooperative members. This may be 
facilitated through an open exchange between cooperative members and 
the P2P electricity network organizers. 

Finally, a set of clear policies and guidelines for P2P electricity 
trading on national levels are required to reduce insecurities regarding 
the regulatory framework for P2P electricity trading (e.g. regarding the 
taxation of any potential profit made from selling surplus electricity). 
Currently, many EU countries allow self-trading of electricity on a very 
limited scale or solely indirectly through existing electricity market 
actors and their network (van Soest, 2018). Yet, the complementary 
feature of P2P trading to empower prosumers and consumers by 
becoming independent from actors with large market power can only be 
realized when prosumer self-trading is acknowledged in regulatory 
policy. 

Overall, this study demonstrates that P2P electricity trading schemes 
incorporate many elements that are considered important and are 
valued by prosumers in the Netherlands. This finding, together with the 
future policy changes in the Dutch net-metering system and an 
increasing adoption of renewable DER and digitalization by households, 
supports the concept of P2P electricity trading as a new way of 
empowering prosumers and driving the renewable energy transition in 
the Netherlands. It is hoped that this study will encourage future 
research bringing additional elements of answers to these fascinating 
questions and illuminating further the roles of P2P electricity trading in 
transitioning towards just and sustainable energy systems. 
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Appendix A. Questionnaire  

Table A.1 
Questions to identify prosumer characteristics.  

1. Do you have a renewable energy generating system installed at your home (or another building that belongs to you), such as rooftop PV panels? 
1.1 Yes 
1.2 No 
2. What was/were the reason(s) you installed that renewable system? (multiple answers possible) 
2.1 Tackling the climate change problem by being part of the clean energy transition 
2.2 Having more control over my own energy production and use 
2.3 Reduce energy costs 
2.4 There was/is a subsidy 
2.5 Interest in the underlying technologies 
2.6 Other: 
3. Are you aware about how much surplus energy you generate with this system? 
3.1 Yes 
3.2 No 
4. How much surplus energy did you have at the end of last year? 
4.1 ________ kWh 
4.2 I don’t know 
5. Why did you choose your current energy provider? (multiple answers possible) 
5.1 Green energy supply 
5.2 Lowest cost 
5.3 The company’s reputation 
5.4 Bonus for becoming a new customer 
5.5 Provided technology (e.g. an energy app) 
5.6 Recommendation by family or friends 
5.7 Other: 
6. Are you a member of an energy cooperative or community 
6.1 Yes 
6.2 No 
7. Why did you become a member of an energy cooperative or community? (multiple answers possible) 
7.1 Tackling the climate change problem by being part of the clean energy transition 
7.2 Decentralize energy production 
7.3 Create a local sense of community 
7.4 To have access to renewable energy source technologies 
7.5 Reduce energy costs 
7.6 There is/was a subsidy 
7.7 Improve revenues of our collective or community 
7.8 Other 
8. Would you be willing to give surplus energy for free to … (multiple answers possible) 
8.1 Someone in your neighbourhood/community you don’t know 
8.2 Someone in your neighbourhood/community you know 
8.3 A public facility in your community, i.e. school, swimming pool, youth centre 
8.4 A household that can afford energy 
8.5 A friend 
8.5 A family member 
8.7 No, I would not give away my surplus energy for free 
9. Would you be willing to give surplus energy in exchange for an indirect monetary return (e.g. free entrance to a public facility like museums or swimming pools, a 

household service like babysitting or gardening) (multiple answers possible) 
9.1 Someone in your neighbourhood/community you don’t know 
9.2 Someone in your neighbourhood/community you know 
9.3 A public facility in your community, i.e. school, swimming pool, youth centre 
9.4 A household that can afford energy 
9.5 A friend 
9.6 A family member 
9.7 No, I would not give away my surplus energy for an indirect monetary return   

Table A.2 
Introduction and example of the Discrete Choice Experiment.  

In this section, we will be asking you about energy trading. Energy trading happens when you as the person responsible for the system generating electricity with photovoltaic panels or 
other sources, sell and purchase electricity from and to an electricity grid. Imagine you had to decide between three options regarding the electricity trading in which your household 
participates. The two trading systems have varying characteristics regarding these six parameters: 

•CO2 emissions: Electricity can be generated from different sources, which emit different amounts of CO2, which is one of the substances contributing to climate change. Electricity 
from renewable sources like PV or wind has relatively low CO2 emissions, while electricity generated from coal or gas has relatively high emissions. 
•Electricity tariff: The electricity tariff determines for how much money you can sell or buy 1 kW hour of electricity. 
•Social connection with energy trading partner: Currently, most people who produce their own electricity do not know where their surplus ends up when they feed it into the grid and to 
their provider. But there can be options where you can decide who you trade your energy with, for example a family member, friend or neighbour. 
•Additional effort: Choosing an energy provider and selecting a trading system can entail some extra work on a monthly basis. For example, for selecting energy trading partners, 
observing the ongoing trades or for configuring the technological device. 

(continued on next page) 
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Table A.2 (continued ) 

•Improved efficiency: Due to the nature of electricity grids, not all electricity can be utilized and therefore some is always lost. These losses vary depending on the location and 
management of the grid and can be minimized when additional measures are taken in an electricity trade. 
•Self-sufficiency: Depending on the set-up of the electricity grid, you as an electricity producing household are dependent on grid operator and energy providers, who can decide over 
the nature of the electricity trade and have access to your data. Depending on the trading system, there is the possibility to increase the autonomy from them and to have more data 
privacy. 
Some of the trading systems you will see are not currently available, but we would like you to imagine that they are available today. It is important that you answer in the way you 

would if you were deciding on a trading system. 

Example DCE 
1 of 12: Please choose one of the following three options.  

Option 1 Option 2 Option 3 

CO2 emissions Low High Medium 
Social connection with electricity trading partner None (unknown) Direct (neighbour) Close (friends and family) 
Electricity tariff 15 ct/kWh 10 ct/kWh 20 ct/kWh 
Additional effort 4 h/month 0 h/month 2 h/month 
Improved efficiency 15% 30% 5% 
Self-sufficiency Medium Low High   

Table A.3 
Statements to identify prosumers’ attitudes towards the environment, their local community, and technologies.  

Environmental  (1) strongly disagree  
(2) disagree  
(3) neutral  
(4) agree  
(5) strongly agree 

I am concerned about human behavior and its impact on the climate and the environment. 
I always pay attention to ecological criteria when buying products and services. 
Community 
I feel a strong identification with my local community. 
There are many people in my local community whom I think of as friends. 
Technology 
Learning how to use a technological device is easy for me. 
I enjoy exploring new technologies.   

Table A.4 
Questions to identify prosumers’ socio-demographic background.  

1. How old are you? 
1.1 Under 25 
1.2 25 to 35 
1.3 36 to 45 
1.4 46 to 55 
1.5 56 to 65 
1.6 Over 65 
2. What gender do you identify as? 
2.1 Female 
2.2 Male 
2.3 Third gender/Non-binary 
2.4 Prefer not to say 
3. What is the highest degree or level of education you have achieved? 
3.1 No formal education 
3.2 High school diploma 
3.3 Vocational training 
3.4 Bachelor’s degree 
3.5 Master’s degree 
3.6 PhD or higher 
3.7 Prefer not to say 
4. Where is your household located? 
4.1 Large city 
4.2 Medium-sized city 
4.3 Small town 
4.4 Rural community 
5. How many persons live in your household? 
5.1 1 
5.2 2 
5.3 3 
5.4 4 
5.5 5 or more 
6. What is your average yearly household net income? 
6.1 Under €20,000 
6.2 €20,000 to €39,999 
6.3 €40,000 to €59,999 
6.4 €60,000 to €79,999 
6.5 Above €80,000  
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Appendix B. Supplementary data 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.enpol.2021.112615. 
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