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Abstract

Background: Citizen Energy Communities, particularly local energy markets,

have been discussed for several years as a concept that allows private households,

prosumers, and small local generation facilities to be actively integrated into the

existing energy system. According to the literature, it promotes investment

incentives and introduces local price signals, to which the participants respond

with behavioral changes. However, there is a lack of long-term, real-world data,

and insights on participants’ behavior in such communities, which is crucial to

assess their overall performance and functionality. We fill this research gap by

analyzing user behavior based on a one-year pilot project’s recorded data and

expert interviews with its participants.

Results: In three analyses, we observe that participants are initially willing to

pay a premium price above the grid tariff for local green power, but this

willingness decreases in the long run, affecting investment incentives. In contrast

to assumptions in the literature, participants show decreasing activity over time

and do not respond to specific information nudges. However, regular reminders

and reports are perceived as valuable by the participants and support their

integration into the community. Also, we cannot confirm behavioral consumption

changes in response to different price signals.

Conclusion: Our results show that the active integration of participants is

more challenging than hitherto assumed, and both market mechanism complexity

and the need for automation play a central role in a successful design.

Keywords: citizen energy communities; behavior analysis; field study; local

trading; consumption shifts; price signals
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1 Background

The central challenge for modern energy systems is the transition towards climate

neutrality by replacing fossil fuels with renewable energy sources (RES) [1]. How-

ever, markets and technology innovations cannot combat climate change alone [2].

This process also requires a social transformation in which the citizens have an essen-

tial role [3]. Already today, large amounts of renewable power generation capacity,

onshore wind and photovoltaics (PV), are installed decentrally, often in distribution

grids, and are owned by private households or small businesses [4, 5]. These owners

represent a new group, called prosumers. In addition, rising environmental aware-

ness has driven increased consumer demand for green, local energy sources and thus

sustainable consumption [6, 7]. With this increasing decentralization in electricity

generation and the consistent development towards more local power generation, it

requires new concepts to integrate these citizens into the energy sector and raise

acceptance for the transition process [8, 9]. They must be involved and encouraged

to play an active role in shaping the energy transition. In recent years, the concept

of an energy community where citizens organize themselves locally has gained at-

tention in both research and practice [10]. A distinctive social innovation feature

of community energy is the ability to combine the mutual and the public interest

[11]. Citizens should be empowered to form local energy communities, becoming

so-called ’energy citizens’. The European Union (EU), for instance, supports this

development by implementing laws and regulations such as the ’Directive on Com-

mon Rules for the Internal Market for Electricity’, which promotes the formation of

citizen energy communities (CEC) and aims to create a regulatory framework in all

member states [12]. The directive defines the CEC as a platform for the cooperation

of citizens or local actors with the purpose of providing benefits to its members.

It describes a community for exchanging locally generated energy. Different design

approaches are proposed in the literature [13, 14]. One specific CEC design includes

a trading platform, frequently conceptualized under the umbrella term ‘local energy

market’ [15, 16]. On this platform, small local generators and prosumers trade their

surplus with local consumers, including private households or local businesses in

the immediate vicinity [17]. The platform utilizes a market mechanism to organize

the continuous power and financial flow. In this study, we will refer to this design
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as a CEC because while it represents a special design, the behavioral insights might

be transferred to other CEC designs.

According to literature, the CEC concept is well suited to address various en-

ergy transition challenges. The platform enables a better integration of local RES

because prosumer can directly sell their surplus energy to local consumers and

achieve a higher (premium) price than fixed feed-in tariffs or wholesale market

prices. These local prices provide investment incentives for additional local re-

newable expansion [13]. The allocation mechanism introduces local prices, which

incentivize participants to contribute to local balancing and, thus, overall grid sta-

bility as locally generated energy is consumed on-site [18, 19]. The CEC platform

provides the participants detailed information about their consumption behavior

and energy origin, improving their environmental awareness and enabling them to

behave more environmentally friendly [13]. In addition, these communities repre-

sent a novel approach, integrating the emerging group of prosumers into the energy

system [20]. However, the actual CEC participants’ behavior and the resulting ef-

fects on the CEC’s performance are largely unknown. Participation is voluntary,

and participants are non-professionals. They may have limited experience with the

energy sector and are unfamiliar with regular trading on platforms [21, 22]. Con-

sequently, they could misinterpret price signals or information nudges and show

unexpected behavior. In addition, they may become overwhelmed with the tasks

associated to CECs and leave the community. A first study has investigated the

CEC participants’ real-world activity but focused mainly on the user’s activity

and participation drivers [23] and only looked at a shorter time period. However,

whether the reported activity levels remain equally high in the long run is unclear.

CEC participants’ long-term, real-world behavior, and its effect on associated indi-

cators (premium prices for local sources, bid adjustments, and consumption shifts)

are unknown and require additional research.

Against this backdrop and to approach this research gap, we assess the market

design of an implemented CEC field project. The project includes two different local

energy sources: PV and combined heat and power (CHP). By analyzing the data

recorded over the one-year project duration, we investigate if the market design can

incentivize participants to shift their consumption significantly, whether they are
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willing to pay premium prices for local renewable energy in the long run, and we

evaluate the overall activity of the participants. In order to draw a comprehensive

picture of the participants’ behavior, we further enrich the results drawn from the

quantitative data analysis with insights from conducted qualitative interviews. We

summarize our research endeavor, raising the following research questions: What

long-term behavior of participants can be observed in CECs regarding i) the will-

ingness to pay for local energy sources, ii) the overall activity and responses to

information nudges, and iii) the reaction to price signals in regards to consumption

shifts?

The quantitative and qualitative analyses of the project data and the participants’

interviews represent the first longitudinal insight into participants’ behavior from a

CEC field project. We approach our research questions by means of three analyses.

The first analysis focuses on the participants’ preferences for the different local

energy sources. We analyze the submitted bid prices to determine which of the two

local sources (PV or CHP) the participants prefer and assess their willingness to pay

for these power sources. The second analysis investigates the participants’ platform

activity because the CEC platform adds less value if participants lose interest over

time and become inactive. We analyze the bidding behavior, how participants react

to different information nudges, and evaluate the participants’ interview statements

to assess the overall activity on the platform. Since local grid balancing is a central

value proposition of the CEC concept, the last analysis investigates the effectiveness

of price signals, which should incentivize participants to shift their consumption

to times with lower prices. We examine the participants’ consumption behavior

for different price signals. Based on interview statements, we also evaluate how

participants who become a prosumer adapt their consumption behavior.

This work is structured as follows. In Chapter 2, we describe different CEC defi-

nitions, provide a conceptional overview of different approaches, and describe real-

world results from the literature. We provide a detailed description of the examined

project and its infrastructure in Chapter 3. In Chapter 4, we perform the three

analyses to investigate the participants’ behavior and how it changes throughout

the project. We discuss our observations in Chapter 5 and indicate potential future

research based on our results. Finally, Chapter 6 concludes our findings.
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2 Related Work

Before the introduction of the regulatory framework and term ‘citizen energy com-

munity’ by the EU, researchers have already discussed various concepts to integrate

citizens into the energy sector, actively [24]. The fundamental principle is that par-

ticipants form a community and share electricity with each other. The idea has been

explained for several years, mostly under different names including ’local energy

community’ [25], ’renewable energy community’ [26], ’sustainable energy commu-

nity’ [27], ’renewable energy cooperative’ [28], ’citizen energy cooperative’ [29], or

’community microgrid’ [30]. The authors of [31] explore the variety of interpreta-

tions and define two core areas that describe these concepts. First, communities

must provide a high level of participation for the respective participants. Second,

the community outcomes and benefits must be distributed to its participants.

All the above-mentioned terms focus on connecting citizens in communities and

providing benefits for its participants, but with different characteristics and priori-

ties. [32] investigates different community concepts that exclusively focus on financ-

ing renewable power plants without any local energy exchange. He distinguishes

between different forms, for example, investing in commercial power plants or joint

financing of own facilities that are not used for self-supply. The author refers to

these concepts as energy cooperatives. [32] separates these concepts from the energy

community concept with a local exchange of energy. The described concept of re-

newable energy cooperative [28] and citizen energy cooperative [29] also fall under

this definition.

Another special form is the concept of the ‘community microgrid’, which is also

often used in the context of energy communities. [30] define community microgrids

as a group of interconnected loads and energy sources that act as a single entity

to the grid. [33] describe the concept as a community, in which all members are

connected to the same local bus through which they exchange energy with the pub-

lic grid or among themselves. [34] describe community microgrids as self-contained

systems that may be connected to a central grid or function on their own. Within

the microgrid, all connection points (e.g., households, small businesses, prosumers)

are part of the community. Therefore, community microgrid concepts focus on the

physical connection of participants and represent a special form of energy commu-

nities. In contrast to the other concepts, it differs in its openness to participation
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with its grid-based restriction. Participation in other energy communities concepts

is voluntary and not necessarily tied to the grid topology [35].

The concepts and descriptions of ’energy cooperatives’ and ‘community microgrid’

can be differentiated from the energy community concept because their focus is ex-

clusively on monetary benefits, or participation within them is not voluntary. Other

terms meet the two criteria of [31]. [25] uses the term ’local energy community’ to

describe a set of residential and industrial actors connected to the same distribution

network to form a community voluntarily. [27] refer to the concept as ’sustainable

energy community’. They emphasize the collective, sustainable use of own gener-

ation facilities and expand the local exchange characteristic to other sectors such

as heat or water. The authors argue that the goal of sustainability also includes

additional commodities besides energy. [36] coin the term ’collective and politically

motivated renewable energy project’ (CPE). The authors emphasize that an en-

ergy community must have a political purpose, and participation should generate

benefits for each member. In addition, [37] provide a typology that distinguishes

between centralized, distributed, and decentralized communities and defines them

as a social structure fostering a sustainable energy supply. They also extend the

community focus to other commodities like heat, transportation, water, or waste

management, similar to [27]. Overall, the concept can be characterized as an ap-

proach in which citizens voluntarily join together in communities to exchange locally

generated energy and thus generate added value that is not necessarily monetary.

The European Union has introduced the legal concept of the CEC to group all

these different terms and descriptions and provide a regulatory framework [12].

The ’Directive on Common Rules for the Internal Market for Electricity’ defines

the CEC as a legal entity that is based on voluntary and open participation and

is effectively controlled by members or shareholders. These can be natural per-

sons, local authorities, municipalities, or small enterprises. Its primary purpose is

to provide environmental, economic, or social community benefits to its members

or shareholders or to the local areas where it operates, rather than to generate

financial profits, exclusively. The concept engages in the generation, distribution,

supply, consumption of energy. CECs are platforms to actively integrate citizens

into the energy system on a local level, empower the energy sector’s decarboniza-

tion [38], and substantially benefit the local value chain and energy system [39, 40].
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[40] analyses several European community projects, their goals, and experiences.

The authors point out that these communities support the energy transition, fos-

ter citizens’ participation in renewable energy, and integrate prosumers as well as

consumers. They thus allow consumers access to capital and benefits of decentral-

ization independently of their income. Several CEC concepts utilize various digital

technologies and a trading platform to enable their stakeholders to interact with

each other and exchange energy. On these platforms, an allocation mechanism dis-

tributes the available energy. In the literature, different mechanism designs, and

corresponding benefits are discussed [41]. Many of them are based on underlying

assumptions about the participants’ behavior or preferences. As mentioned in the

previous chapter, we focus on three crucial assumptions about CEC participants:

heterogeneous willingness to pay for local energy sources, overall platform activity

behavior, and responses to price signals.

A central assumption in the literature is that CEC participants have a heteroge-

neous willingness to pay for different energy sources and pay premium prices for

renewable or local energy sources. [35] assume that CEC participants have hetero-

geneous goals and a corresponding willingness to pay. They differentiate between

two prosumers types, a profit-orientated prosumer with a low willingness-to-pay

and environmentally concerned prosumers with a high willingness-to-pay. The au-

thors develop a trading mechanism concerning the individual willingness to pay.

They create a sample community with a set of arbitrary participants (ten private

households and five small businesses), and assume different willingness-to-pay values

for each participant. Similarly, [42] proposes an auction-based approach to satisfy

community participants’ preferences, allowing them to pay premium prices and in-

creasing community self-sufficiency. The authors state that current approaches do

not consider heterogeneous user preferences. They propose seven clearing mecha-

nisms and evaluate their performance with the help of a Monte Carlo simulation.

The assumption of a different willingness to pay for different energy sources is not

fundamentally wrong, as the meta-regression analysis of several studies by [43] and

a choice experiment by [44] indicate. Leveraging evidence from a choice-based ex-

periment, [45] identified a subgroup of potential community participants, who state

they would pay premium prices for local energy. However, it remains unclear if the
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participants’ indicated willingness to pay premium prices can be observed within a

real CEC. Also, it is unknown how the platform influences the participants’ behavior

and willingness to pay over time.

Most studies assume a regular activity of participants in CECs. [46] analyze bid-

ding strategies given different market mechanisms. The authors simulate the be-

haviour of two different participants with a multi-agent simulation. They differen-

tiate between zero-intelligent and intelligent behavior. The former is displayed by

random bidding, and the latter is based on a reinforcement learning algorithm. The

authors show that intelligent behavior by agents leads to better market results. How-

ever, they assume a regular interaction by the participants and do not incorporate

behavioral restrictions, for instance, no activity at night because a human partici-

pant would sleep in these periods. Similarly, [47] model participant behavior with

the help of a deep reinforcement learning approach. The authors utilize the resulting

trading strategies to evaluate and comprehend potential participant behavior. The

study investigates a sample community based on different data sources but without

benchmark trading data from field projects. Also, the authors do not incorporate

possible human restrictions, which also influence trading ability. [23] provide first

field insights into CEC participants’ behavior. The corresponding project ran for

a total of four months, and the authors showed large differences in the activity of

participants. The authors cluster participants’ behavior into three groups based on

their activity. About 35% are active but with low engagement and prefer bidding

automation, 30% are active but prefer a manual input, and the remaining 35% are

inactive participants. However, the authors do not discuss how participation activ-

ity can be influenced and if the behavior changes in the long run as the project

ended after the four months period.

The third assumption is that local price signals can influence the participants’

consumption behavior and contribute to system balancing. [17] state that CECs

can provide investment incentives and support local grid balancing. However, the

authors do not provide any empirical evidence. [48] design an energy exchange plat-

form and simulate trading on it. They show that local trading within a community

supports balancing local demand and supply. However, their results are based on the

assumption that participants are willing to shift their consumption. [49] confirm in

their meta-study that consumers reduce their peak load in response to higher peak
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prices. They also state that this effect gets more potent with enabling technology

such as in-home displays, which present the load data and prices. In the study by

[23], the authors report indications for an increased load-shifting by the participants

in their field project. However, these statements are based on interviews and not

quantitative data analysis. Therefore, it remains a research gap if local price signals

in CECs lead to consumption shifts by the participants.

Summarizing, previous studies investigate the effects of different CEC platform

designs and their performance by applying simulations. These simulations are a valid

method to test and investigate different concepts. However, authors need to make

assumptions regarding the different participant groups, their utility functions, and

strategies. The CEC concept includes inexperienced users like private households

and prosumers. It is unknown how these (often) non-professionals behave in this new

environment, what goals they pursue, and how they interact on the platform. With

this uncertainty, longitudinal field studies are essential to provide valid information

for the academic discourse and platform designers. We close this research gap in this

study by evaluating a CEC implementation over the period of one year regarding

the three core assumptions introduced above and obtain valuable insights into the

real-world behavior that can be expected of CEC participants.

3 Project Description

In this study, we investigate the participant behavior from the field project, the

Landau Microgrid Project (LAMP). The project is localized in a small neighbor-

hood with only private households. The project team chose this location because

the neighborhood lies within a small distribution grid and project’s grid falls under

special regulations. National legislation often prohibits the sales of self-generated

electricity by prosumers directly to their neighbors. However, within this regulatory

niche, this does not apply, which is further enforced through the European legis-

lation on CECs. Due to the preferential treatment of prosumers in this regulatory

niche, it is possible to establish economically beneficial local electricity trading. The

grid has only one connection point to the public distribution grid and is owned by

the project’s utility partner. A 50 kW CHP plant is installed for heat supply in

addition to a 23 kWp PV system. In addition, three participants installed a PV

system during the duration of the project and became prosumers. The three pro-
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sumers feed their surplus generation into the grid. The five power generation units

are the only available local power sources. Differences between local demand and

the available local supply are balanced through the interconnection point to the

public grid. In total, there are 118 connection points (households) in multifamily

and single-family houses in the project’s grid. At the beginning of the project, the

project was advertised in the neighborhood, and 11 households decided to partic-

ipate. Of these, five live in single-family homes, and the rest lives in multifamily

homes. The household size is between one and five persons. The average age of the

participants is 49.

3.1 Platform infrastructure

A CEC application was developed for the project to serve as a platform for the

coordination. The platform and its information system are the CEC’s necessary

infrastructure. The platform manages the data and information flows, important

for the functionality, and enables coordination between the local power generation

and consumption. The platform is composed of four modules: database, smart me-

ter hardware, user application, and the coordination mechanism. The database is

the central module where all generated or recorded data is stored and retrieved.

The smart meter hardware describes the metering infrastructure that is installed at

each participant’s grid connection point. It records the households’ load values and

transfers the data to the database in regular intervals. The participants have access

to their consumption data, market prices, and generation quantities via a mobile

user application. In addition, there is a web interface that participants could use.

Besides viewing individual information, participants can also set their bid prices

via the user application. In addition to the user application, the project team sent

individual reports via email to each participant weekly. These reports included the

aggregated consumption and market data of the previous week. The last module

of the platform is the market mechanism. Since the project distinguishes between

different energy sources, the mechanism consists of two separate but intertwined

markets: a local market for PV energy and one for energy from the CHP. Both

markets are structured as a double-call auction with sealed bids and have a uniform

pricing mechanism. The operation of the mechanism is identical in both markets.

First, the bids from the supply side are sorted in ascending order based on the
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bid price, and those from the demand side are sorted in descending order. Then

the bids are matched accordingly until the bid price of the supply bid exceeds the

demand bid price. The market price is then equal to the last bid price. At the be-

ginning of the project, the market price equaled the bid price of the supply side.

Later the mechanism was changed, and the market price corresponded to the last

successful bid price of the demand bids to assess whether this had any impact on

the bidding activity. Participants might obtain all of their demand from only one

of the two markets (PV and CHP) depending on the bid prices and available quan-

tities. Therefore, it is necessary to execute the markets consecutively. The market

for which the majority of participants have placed higher bids is executed first. A

detailed description of the mechanism is given in [50]. If a participant is already

supplied on the first market, the bid on the second market is no longer considered.

The public grid subsequently serves all bids that the local market could not serve.

This backup ensures the security of supply. For these transactions, the local utility

standard grid tariff of 23.7 EURct/kWh applies. Comparably, every locally gener-

ated kilowatt-hour that cannot be consumed locally is sold to the public grid at the

corresponding feed-in tariff (11.0 EURct/kWh for PV electricity and 8.0 EUR/ct

for CHP). All transactions are recorded by the information system and stored in

the database. A complete overview of the platform architecture, its processes, and

utilized technologies is given in [51]. The interval of the market-clearing is 15 min-

utes. However, participants do not have to place a bid every 15 minutes, actively.

Instead, the bid price they set is valid for all coming intervals until they change it.

The bid quantities correspond to the generation and consumption values recorded

by the smart meter hardware. As mentioned before, three of the eleven households

invested in PV systems during the project duration. These three participants thus

became prosumers, generating their electricity and, at times, supplying surplus en-

ergy to the local grid. If the amount of energy generated is insufficient, then the

prosumer continues to consume energy from the grid.

3.2 Trading phase description

Throughout the project, different trading phases were executed during which dif-

ferent focus questions were addressed. Over the first four trading phases A to D,

the amount of information in the weekly report was steadily increased from phase
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Phase ID Phase Name Description Duration
Report Interval

(per Week)

A Consumption Cost Consumption amount and individual costs
21.08.2019

17.09.2019
1

B Energy Mix A + Percentage share of each energy source (PV / CHP / Grid)
18.09.2019

15.10.2019
1

C Household Appliances Load B + List with average load values of typical household appliances
16.10.2019

04.02.2020
1

D Community Consumption Costs B + Average energy cost of all community members
05.02.2020

31.03.2020
1

E Consumer Bid Market Prices D + Announcement of a fixed market price for the upcoming period
01.04.2020

30.04.2020
2

F Intraday Low-Price Period D + Daily PV market price drop between 10 a.m and 2 p.m
01.05.2020

31.05.2020
2

G Low-Price Day D + Announcement of one low PV market price day in each period
01.06.2020

30.06.2020
2

H Dynamic Market Prices D + Change in the mechanism such that demand bids set the market price
01.07.2020

05.08.2020
2

I Optimal Behavior D + Information about the ex-post potential cost savings and how much the participant had achieved.
06.08.2020

13.09.2020
2

Table 1 Trading Phases
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to phase. This information increase allows us to assess how participants react to

different types of information with their bids and consumption. Only information

on the total weekly consumption and the individual absolute and average costs was

provided in phase A. In the second phase, the individual energy mix (PV, CHP,

Grid) was included. In phase C, a list of household appliances and their average

consumption was added to the report. This phase was included based on feedback

from participants who stated that they were not aware of the consumption of differ-

ent devices in relation to other appliances in the household. In phase D, the report

included the overall average costs per kWh across all participants to allow a com-

parison of the individual performance in regard to the group. Each of these reports

was sent out once per week. In trading phases E to H, deliberate price signals were

placed in order to examine their effects on participants. These treatments aim to

investigate whether participants react to such signals with a bid price change or load

shift (e. g., shifting loads within the day or between days). During these phases,

the report frequency was increased to twice per week. Each report in phase E an-

nounced a fixed PV market price for the subsequent days until the following report.

This temporal fixed market price changed with each report and corresponded to

the lowest price of all successful bids since the last report. Thus, the participants

could indirectly influence the upcoming market price by changing their bid price.

In phase F, the PV market prices were shifted between two values. Each day from

10 a.m. to 2 p.m., the PV market price was reduced to the level of the feed-in tariff

of 11.0 EURct/kWh. At any other time, the price was set to 20.0 EURct/kWh.

In the following phase G, the market price on the PV market was reduced to 11.0

EURct/kWh on one day between two reports and 20.0 EURct/kWh on all other

days. The day with the longest sunshine hours was selected and announced based

on weather forecasts for the lower price. In trading phase H, the market mecha-

nism was changed so that the demand side determined the market price by the bid

price of the last successful demand-side bid. The reasoning behind this phase is to

investigate the effect of a strong market price dynamization and to analyze how par-

ticipants react if their bid changes are more directly reflected in the market results.

In the final trading phase I, participants were provided with additional information

on their performance. For this purpose, we calculated and communicated potential
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savings retrospectively for each participant, given that their market behavior would

have been optimal.

4 Method

As described in the previous chapter, eleven participants took part in the project,

eight as consumers (participants 1-4,6,8,10,11) and three as prosumers (participants

5,7,9). The small sample makes it hard to deduct statistically significant results,

which is a particular problem in field studies. Additionally, there is no experimental

control group, and other external effects are present in this project, such as the

selection bias or unobserved influences on behavior [52]. Therefore, we follow the

suggestion of [52] and use a mixed-method approach for the evaluation by analyz-

ing the data and behavior quantitatively and, additionally, perform semi-structured

interviews with the participants to assess and validate the observed data. The quan-

titative approach is focused on identifying interesting behavior apparent in the data

and on drawing possible conclusions. The qualitative analysis helps us in interpret-

ing the observed phenomena from the quantitative analysis and provides further

insights into the background of the participant behavior. It also aims at identifying

possible weaknesses in the project design or additional potential.

The available project data includes load data of the participants, power generation

data, the bid prices entered via the user application, as well as the transactions

and market prices determined by the market mechanism. The processed data is

examined for anomalies and analyzed with regard to the three research questions.

We conducted semi-structured expert interviews according to [53] at the end of the

project for the qualitative analysis. The interviews follow a guideline that allows the

interviewers to ask questions on different topics and switch between the guideline

topics based on the answers. The interviews are conducted via telephone, recorded,

and transcribed. Before each interview, the interviewer explained the goal of the

interview and provided some contextual information about the interview guide. The

interviewees were informed about their data protection rights and gave their consent

to record the interview. The quantitative study is divided into three thematic areas:

the analysis of participants’ preferences, the analysis of the bidding strategy in

the trading phases and the analysis of consumption reactions to price signals. At

the same time, we distinguish between consumers and prosumers for each of these
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three analyses. The first analysis examines the relative relationship between each

participant’s two bid prices (PV & CHP), in detail. Furthermore, we asked how

the preference between the two power sources changed throughout the project’s

duration. Finally, we assess the potential of maintaining premium prices for local

generation. Building on this, we examine the participants’ overall activity and their

bidding strategies in relation to the different information in the reports. Finally,

we analyze the participants’ consumption behavior in detail and their reaction to

different price signals. In addition to the quantitative analysis, we add interview

statements from the participants to better understand specific observed behavior.

5 Results

5.1 Evaluation of participant bids - preferences and bidding behavior

The first analysis focuses on the participants’ bid prices for the two local sources

(PV & CHP), and we differentiate between consumer and prosumer participants.

First, we analyze the bid prices and their change over time. We state our first

hypothesis (H1.1) that participants have different preferences for local sources. Sec-

ond, we evaluate whether participants are willing to pay premium prices for local

energy sources. We define a premium price as a bid price above the known reference

price for energy from the public grid that is also displayed prominently in the user

application. The second hypothesis (H1.2) states that participants are willing to

pay premium prices.

Figure 1 Consumer PV bid prices throughout project duration

Figure 2 Consumer CHP bid prices throughout project duration

Consumers: The Figures 1 and 2 gives an overview of the consumer participants’

bidding behavior within the project over the entire duration. In the beginning,

all but two participant exhibits a higher preference for electricity from the local

PV system than the local CHP. Only participant 10 sets the same bid prices for

both sources, with 21.0 EURct/kWh. The mean value of all initial PV price bids

is 25.1 EURct/kWh, while the mean value of all initial CHP bid prices is 19.7
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EURct/kWh. Therefore, at the start of the project, the consumers show a higher

preference for local PV power than for power from the CHP and confirmed our

hypothesize that participants differentiate between local sources. However, we ob-

serve a negative trend in the adjustment of bid prices throughout the project. In

the end, the average bid price for PV electricity is 20.1 EURct/kWh, which is 5.0

EURct/kWh lower than at the beginning of the project, and, more importantly,

it is lower than the reference price. The lowest PV bid was submitted by partici-

pant 1 with 12.0 EURct /kWh. This participant also exhibits the highest reduction

from the initial 29.0 EURct/kWh bid to 12.0 EURct/kWh. The dynamic is similar

for CHP bid prices but less pronounced. On average, the bid prices decreased by

2.6 EURct /kWh from 19.7 EURct/kWh to 17.1 EUR/kWh. Again, participant 1

shows the highest reduction from 22.0 EURct /kWh to 15.0 ct/kWh. Therefore, we

conclude that while participants make a difference between local energy sources,

differences slightly lose meaning over time. This result confirms our first hypothesis

(H1.1). We observe a higher preference for the local PV generation than the CHP

generation, but the price gap between both sources decreases from 5.3 EURct/kWh

to 3.0 EURct/kWh. Most participants, throughout the project, hold this order of

preference, and there are only isolated temporary deviations from this order by

individual participants. In addition, we conclude from the decreasing bidding price

trend that the willingness to pay for local sources seems to diminish throughout the

project. One explanation for this could be the market itself. Long-term, repeated

markets interactions undermine the participants’ moral values and intentions [54].

For example, participant 1 first lowers the bid prices for both sources and then in-

creases them again shortly after, but on a lower level. It seems that the participant

tried to influence his individual values. The interview confirmed that he tested the

market mechanism for a better understanding and cost reduction. This observation

supports the previously mentioned invalidating effect of the market on individual

intentions.

This negative trend also impacts the premium prices participants are willing to pay

for local electricity. The initial bids show that some consumers were willing to pay

a premium for local, green electricity. Five of the eight consumers set a higher bid

price than the stated reference price (grid tariff) of 23.7 EURct/kWh, which was
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communicated to participants and displayed in the user application. Participant

11 has the highest initial bid price of 30.0 EURct/kWh. Of the remaining three

consumers (participants 4, 6,10), who bid below the reference price, participant

10’s bid price was the lowest with 21.0 EURct/kWh. In contrast, all initial CHP bid

prices were below the reference price. Here, participant 10 submitted the highest bid

with 21.0 EURct/kWh, and participant 11 the lowest with 16.0 EURct/kWh. Thus,

the analysis shows that initially, some participants were willing to pay a premium

for PV generation while no participant bid a premium price for local CHP energy.

Therefore, the observation of the initial bids seems to confirm literature indications

like the survey of [45]. The authors identify in their survey that premium prices only

apply to a subgroup of potential participants. However, throughout the project, the

above-mentioned negative trend leads to only two participants that still submit PV

bid prices higher than the reference price, as shown in Figure 1. The average PV

bid price decreases below the reference price of 23.7 EURct/kWh. Only two out of

eleven participants retained a higher bid price than the reference price at the end

of the project, and one of these never changed his bid price and thus never actively

interacted with the market. Based on our observations, we can conclude that the

initial high willingness to pay premium prices for local green energy diminishes

over time. Therefore, we have to reject our hypothesis regarding premium prices

(H1.2). These results challenge the previously mentioned research result by [45].

The identified subgroup seems to be smaller than the current research assumes

because participants initially show the willingness to pay premium prices but do

not uphold this willingness over a longer period. Even though premium prices cannot

be maintained, all submitted bid prices are above the feed-in tariff. Therefore, local

generators can still achieve a higher selling price within the regulatory niche where

specific levies are not paid. Thus, there is still an incentive to expand renewable

generation capacity within the CEC but less pronounced.

Figure 3 Prosumer bid prices throughout project duration

Prosumers: The analysis of the prosumers’ bidding behavior shows a similar pic-

ture compared to the consumers. In addition to the possibility of buying local elec-

tricity, these actors can also sell their PV surplus. Therefore, they also have a PV
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selling bid price. As mentioned above, there are only three prosumers in total in the

project (participants 5, 7, 9). The observation period for the prosumers is limited

to five months from April to September due to the need for technical adjustments

to the platform infrastructure caused by the installation of the PV panels. Figure

3 shows all submitted bid prices by the prosumers. Different from the consumers,

all three prosumers start and remain with buying bid prices below the reference

price. However, note that prosumers had previously participated as consumers and

therefore might have already adjusted their bid prices. We can confirm the neg-

ative trend from the previous consumer analysis, but it is less pronounced. The

average PV buying bid price starts with 16.7 EURct/kWh and decreases to 15.7

EURct/kWh. Similarly, the average CHP buying bid price decreases from 18.0 EU-

Rct/kWh to 15.7 EURct/kWh. Again, the bid price gap between PV and CHP also

reduced for prosumers over time. Interestingly, prosumers seem to favor local power

from the CHP system over power from the PV system, which is different behav-

ior in comparison to the consumers. A reason for this could be the fact that they

generate energy by themselves. However, due to the small sample size, we cannot

rule out a selection bias or other external effects. Nevertheless, prosumer initially

differentiate between local energy sources (H1.1). Since all buying bid prices are

below the reference price, we also reject the premium price hypothesis (H1.2) for

prosumers. Prosumers are not willing to pay premiums on prices for local, green

energy. In addition, the PV selling prices are lower or equal to the buy bid for local

PV power. This observation confirms that prosumers understood the underlying

market mechanism and are willing to sell their surplus energy at lower prices than

consumers (and themselves) would buy it.

Summary: The first analysis shows that local PV sources are seemingly preferred

by consumers over local CHP, and some set market prices at a premium above

the reference price, especially at the beginning of the project. Both groups show a

negative trend regarding their bidding prices over time, which might be rooted in

the repeated interaction with the market mechanism. All but two of the participants

were unwilling to pay a premium for local, green electricity over the project duration.

Therefore, it should not generally be assumed that there is a willingness to pay

premiums on local, green electricity and that the initial willingness does not persist

in the long term.
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5.2 Evaluation of bidding behavior - response to price and information signals

The second analysis focuses on the participants’ activity and reactions to different

information and market price changes. First, we examine the bidding activity in

detail and assess the underlying rationales through the interviews. Regular activity

is a key success factor for CECs as continuous behavior adaption helps to balance

the grid, and it is often implicitly assumed in the literature. Therefore, the first

hypothesis of this analysis is that participants interact with the market platform on

a regular basis (H2.1). Second, we evaluate the participants’ reactions to different

information nudges in the regular reports. The reports are intended to support the

participants in evaluating their bidding strategy, besides the available information

via the user application. As described in Chapter 3, the reports differ in each trading

phase and contain aggregated individual information from the previous days. The

second hypothesis of this analysis is that the individual information in the reports

encourages participants to evaluate their bidding strategy and to adjust their bids

(H2.2). For this analysis, we evaluate the trading periods A-E, H, and I. We exclude

phases F and G because those trading phases focus on incentivizing consumption

shifts with price signals, which are the focus in the third analysis.

Consumers: The bidding behavior analysis reveals that the participants do not

exhibit extensive bidding activity. As Figure 1 shows, the maximum number of

individual adjustments is 12 for the participants 1 and 2 over the entire year. In

contrast, participants 4 and 8 have not adjusted their bid prices once. Participant 3

made three adjustments. Participants 6 and 11 changed their bids four times, and

participant 10 eight times. We observe four consumer bid adjustments per month

on average, which indicates a low bidding activity. This observation shows that

consumers rarely acted on the platform in terms of bid adjustments. However, this

does not mean that participants were consistently inactive. We conclude from the

interview statements that participants mainly used the regular reports to check

individual data and to follow the project progress. We identify two main reasons

for the low activity: the perceived market complexity linked to insufficient market

feedback and participants’ available time. Some participants stated that they were

reluctant to actively adjust bid prices, as it was not always clear what effect this

might have. Participants 6 and 11 state that they perceived the market mecha-
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nism as too complex and did not understand the possible outcomes of bid price

changes. This uncertainty resulted in the low number of bid adjustments by these

two participants. In contrast, participants 1 and 2 stated that they have become

more familiar with the market by testing it and had dealt more intensively with

it. Participant 11 indicated that he had only limited time resources, and the re-

sults from the weekly reports were satisfactory, so there was no need for action.

Participant 6 monitored her consumption data with the help of the reports but

was hesitant to act. Participant 8 justified his inactivity, saying that the financial

saving potential on the market is too small. In addition, some participants stated

that they often forgot the project until they received a new report. Participant 4

indicated that the functionality of the reports and the app to monitor individual

load data and costs was sufficient, and there was no need for bid adjustments from

his perspective. He also mentions a lack of time. The available time seems to be

a crucial factor for the participants. Participants 8 and 11 explicitly stated that

they did not want to use their limited time to understand the market mechanism

in more detail. Overall, we partly reject the first hypothesis of this analysis (H2.1).

Consumers show a low bidding activity due to the perceived market complexity and

available time. However, they monitor their data with the help of regular reports.

Therefore, the participants show interest in the community but are less active than

the literature assumes.

According to the statements of individual participants, the regular reports were

helpful to follow the project and interact with it. This insight is also visible in the

data analysis. Despite the general low frequency of bid submissions, about 50% of

the bid adjustments by participants 1, 10, and 11 occur within a 24-hour window

after receiving a report. For participants 2 and 3, this share is 33%, and 25% for

participant 6. It seems that reports enable the participants to evaluate their bidding

strategy better and trigger interactions. In a more detailed analysis, we investigate

the bidding responses to the different trading phases and their information nudges

to assess their effectiveness. In the first two trading phases, where the reports in-

clude consumption costs (A) and consumption costs + the energy mix (B), there is

no bid price adjustment at all. This suggests that either the information provided

in both phases did not cause the participants to change their preferences, or the
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information did not offer any added value for them to derive a corresponding action

from it. In contrast to the first two phases, we identify two clusters of increased

activity in the following trading phases C and D. In phase C, the report includes

the information of the previous phase (B) and additional information about the

average consumption of household appliances. At the beginning of this phase, we

identify twelve bid price adjustments by the participants 1, 6, and 10, seven directly

after a report and two (participant 1) shortly before a report. Later in this phase,

there is only one interaction of participant 6. In phase D, the participants receive,

in addition to the information of trading phase B (individual costs and energy mix),

the community average consumption costs for locally consumed energy (both PV

and CHP). In the beginning of this phase, we cannot observe any bidding activity.

However, on the day of the fourth report mailing (5th March), participants 2 and

11 adjusted their bids. In the subsequent period of this day, we identify a higher

bidding activity. In addition to participants 2 and 11, participants 1, 3, 6, and 10

also adjusted their bid prices. Overall, we identify bidding activity in trading phases

C and D, which is connected to the report sending. However, it is unclear if the

provided information nudges triggered a reaction or other external events.

In contrast to the previous trading phases, phase E does not provide any additional

information but allows consumers to influence the PV market price actively. The

PV market price was determined and fixed between two report periods. Its value

was then equal to the lowest successful consumer bid price since the last report.

During this phase, only participants 1 and 2 adjusted their bids. Both participants

adjust their bid prices seven times in total, two times directly after a report, four

times shortly before a report mailing, and only once without any connection to a

report. Especially, the four adjustments before the report suggest that the partic-

ipant specifically tried to change the market price actively. Participants 1 and 2

report in the interview that they tried different bid prices to better understand the

market mechanism. However, only these two participants react to the incentive in

this phase. Therefore, we conclude that the temporarily fixed market prices and

the ability to influence them can trigger engagement but addresses only a small

group of participants. The recorded behavior also supports this conclusion in trad-

ing phase H. In this trading phase, the market mechanism was changed in a way
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that the lowest successful demand-side bid price continuously set the market price.

However, a reaction in phase H is only recorded from participant 11, directly after

sending a report, and no other participant showed any bidding activity. Therefore,

we conclude from phases E and H that influenceable dynamic market price changes

do not trigger bidding activity. This might indicate that customers prefer an exter-

nal pricing mechanism. In phase I, which includes information about the optimal

bidding behavior, no activity was recorded. The interview statements support these

observations. Participants state that they primarily monitored their individual data

and performance via the reports and only interacted with the market if they felt

that something went wrong. The overall data shows that the participants become

more inactive with increasing project progress. This is not a surprising finding, as

the novelty effect wears out [55]. However, this finding is still important to note for

engineers of CECs.

Overall, we observe decreasing activity and interaction with the CEC over time.

Participants generally show a low bidding activity and rarely react to information

nudges or market price changes by adjusting their bid prices. We therefore reject

the first hypothesis of this analysis (H2.1). However, participants state in the in-

terviews that they use the reports to monitor their performance and follow the

project. In addition, regular reports seem to have an impact on the participants’

overall activity level. A certain proportion of the low number of bid price adjust-

ments are in the period after the report mailing, showing that they can encourage

a reaction. The deeper analysis reveals that information like average consumption

information of household appliances and community average consumption costs

trigger participant’s bidding activity. Also, the ability to influence the market price

seems to be interesting for some participants. Nevertheless, inactivity increases with

the project progress, and we conclude that the reports in general but not specific

information nudges act as reminders to encourage participants to re-engage with

the CEC. Therefore, we partly confirm the second hypothesis (H2.2).

Prosumers: The prosumers show an increased bidding activity compared to the

consumers. We recorded six bid adjustments per month on average. Nevertheless,

even this higher activity is comparably low relative to the length of the observed

period. In the interview statements, the prosumers mention the lack of time and
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market complexity as central obstacles to become more active, similarly to the con-

sumers. Participant 9 stated that he followed the project via the reports but was

often too lazy to adjust the bids. He also explained his low activity level by the per-

ceived time-benefit ratio. He confirms our observation from the consumers that time

is a limiting factor for the participants. Also, participant 5 suggested changing the

market mechanism to a mechanism with more direct feedback, for example, individ-

ual market prices. Participant 9 suggested more automation and less complexity.

The analysis of the report’s responses reveals that all bid adjustments occurred

within 24 hours of the report being mailed. This suggests that the prosumers react

more strongly to external triggers and rarely become active by themselves. How-

ever, the small sample is again a limiting factor. No specific trading phase results

in higher bidding activity. Each prosumer has an active period. Participant 5 shows

the most bidding activity in the first two months of participating as a prosumer

during trading phases E and F. Participant 7 was more active in trading phases G

and H, and participant 9 only showed some activity in the last period I. Overall,

the regular reports in general and no specific information nudges seem to support

bidding reactions by the prosumers and are therefore a useful functionality.

Summary: The analysis of the bidding phases reveals that the overall bidding

activity of all participants is relatively low. While prosumers seem to be slightly

more active than consumers, none of them adjusts bids daily or weekly. In addition,

we observe that participants become more inactive over time, which needs to be

taken into account when designing corresponding systems. The participants mainly

stated a lack of time, savings potential, and the market complexity as reasons for

their inactivity. Regular reports have been shown to somewhat stimulate participant

activity. However, this seems not to be caused by any specific information or incen-

tives contained in the reports but rather by the report itself serving as a reminder.

In the interviews, participants did not highlight specifically provided information

from the reports but stated that they generally use them to monitor their overall

individual performance and for cost control.
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5.3 Evaluation of consumption behavior - response to price signals

As described in Chapter 1 and 2, the literature suggests that price signals incen-

tivize participants to shift their consumption into periods with lower prices (in this

case, with higher local supply) [49]. In our final analysis, we therefore investigate

whether participants respond to price signals by shifting their consumption to times

with lower prices. In this analysis, we do not distinguish between prosumers and

consumers. We introduced time-varying PV market prices in the trading phases F

and G. Each day in trading phase F included a low priced window between 10 a.m.

and 2 p.m. to incentivize participants to shift consumption into the period during

which PV generation is usually highest. Participants can shift their consumption,

for example, by starting the dishwasher later in the day. The corresponding first

hypothesis of this analysis is that participants move parts of their daily consump-

tion into the low priced period (H3.1). In trading phase G, we select the day with

the most sunshine hours between two reports based on the weather forecast and

decrease the PV market price on that day for the whole day. Each day with a low

PV market price is announced in the report before. The second hypothesis is that

participants shift their consumption into the low priced day (H3.2). The last part of

this analysis then investigates whether consumers change their consumption behav-

ior when they become prosumers. In the interviews, the prosumers stated that they

had changed their consumption behavior since the installation of the PV system.

According to the interview statements, they increased their consumption during the

daytime hours. Therefore, we compare the prosumers’ consumption behavior with

the consumption values from the previous year, when they were still consumers.

We hypothesize that the prosumers have an increased consumption share during

daylight hours compared to their consumption from the previous year as consumers

(H3.3).

In contrast to the previous preference and report analysis, identifying changes in

consumption behavior is a more difficult task. On the one hand, external effects

such as weather or events, the start of school vacations, or public holidays can

cause consumption behavior to change significantly from one day to the next. On

the other hand, weeks from different months cannot be easily compared either, due

to temperature or day length changes over the year. For this reason, we establish

two benchmarks for each participant. The first benchmark is the week before the
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start of each trading phase. By selecting the benchmarks close to the respective

observation period, we minimize misjudgments due to, e.g. seasonal fluctuations.

Since this single week may not represent the participants’ behavior fully, we es-

tablish the second benchmark. This benchmark also represents a week, but each

weekday is the average of the four same weekdays from the previous month.

Trading Phase F: Trading phase F consists of four weeks and three days. Each

day in this trading phase has a low priced period (10 a.m.- 2 p.m.) in the PV mar-

ket. In this period, the PV market price is fixed at 10.0 EURct/kWh. Outside the

period, it is raised to 20.0 EURct/kWh. We compare each day i with its respective

weekday m from the benchmark. For this, we calculate the relative consumption

share during the low priced period of each day di. Then we derive the difference

between this share and the relative consumption share of the respective benchmark

weekday bm, to see if participants increased or decreased their consumption in the

low priced period. In the last step, we calculate the average deviation xF of all days

n in trading phase F . The formula displays the calculation: xF = 1

n

∑n
i=1

(di− bm).

Is the average value xF negative, the consumer reduced her consumption in the low

priced period and vice versa increased it if the average value is positive. Table 4

displays each participant’s average deviation of all days in trading phase F.

The analysis of both benchmarks for phase F reveals a positive consumption shift

for most participants. Regarding benchmark 1, two participants seem to shift a sig-

nificant share of their consumption into the low priced period. Participants 6 and

2 have the highest average shift into the low priced period with 7.69% and 4.66%.

Besides these two, participants 1, 3, 4, 7, 8, and 9 show only a small positive shift on

average (under 2%) towards the low priced periods. In contrast, we observe the op-

posite effect for participants 5, 10, and 11. They shift their consumption outside the

low priced period and show on average a substantial negative deviation of – 3.41%,

-5.49%, and -4.84%, respectively. Therefore, the first benchmark analysis seems to

suggest that at least two participants directly react to the price signals and shift

parts of their consumption, but three participants behave contrarily by decreasing

consumption in the low priced period. Benchmark 2 supports these observations.

Participants 5, 10, and 11 remain with a negative shift but less pronounced. Par-
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ticipants 2 and 6 show the highest positive consumption shifts. From the remaining

participant group with shifts below 2%, all values remain roughly in the same range.

Participants 3 and 8 show a small negative shift regarding benchmark 2. In gen-

eral, the observed shifts become smaller. Therefore, the analysis cannot confirm

that participants react to low price incentives and that they shift their consump-

tion within the day. Although many participants show a positive shift, these seem

to be rather coincidental results, which is confirmed in the interviews. Similarly,

we assume that the negative consumption shifts were unintentional, which is also

confirmed by interview statements. Participant 5 stated that he tried to shift his

consumption but indicated that this effect did not last long. Overall, we cannot

confirm the hypothesis that price signals can incentivize a consumption shift within

a day (H3.1).

Trading Phase G: Through trading phase G, we investigate whether low priced

days incentivize participants to shift their consumption into these days. There were

eight low priced days in total in this phase. Different from the analysis of trading

period F, we compare the absolute consumption of each day with the corresponding

weekday of each benchmark. We check whether the consumption on the low priced

day is higher than on the benchmark weekday and whether the days previous to the

low priced day are lower than the respective benchmark day. If both conditions are

fulfilled, this is an indication of a possible consumption shift. With this approach,

we intend to control whether the day with increased consumption results from a

consumption shift or a day within an overall higher consumption week. Table 2

displays the analysis of trading phase G with both benchmarks. The first column

shows the average consumption change of all eight low priced days. The second

column indicates whether a consumption shift might be assumed. The analysis of

both benchmarks provides a clear picture. In contrast to trading phase F, trading

phase G does not show any apparent price signal effects. There are participants

who have a higher average consumption on single low priced days, however, the

majority show on average a decreased consumption on these days. Participant 9

is the single outlier with increased average consumption. However, this participant

shows only a consumption shift in two of the eight days, indicating that he does

not shift his consumption in response to the price signal. Therefore, we assume this
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result is random and does not indicate an intended consumption shift. Overall, we

conclude that low price announcements seem not to cause consumption shifts be-

tween days and reject the second hypothesis of this analysis (H3.2). The interview

responses confirm this result. For example, participant 11 states that he noticed the

announcement and reports, but they did not result in any behavioral changes.

Participant
F - Benchmark 1 F - Benchmark 2 G - Benchmark 1 G - Benchmark 2

Average

Consumption Shift

Average

Consumption Shift

Average

Consumption Shift

Number

of Days

Average

Consumption Shift

Number

of Days

1 1.89% 0.63% -7.65% 1 -12.66% 0

2 4.66% 3.21% -28.23% 0 -14.95% 0

3 0.77% -0.29% -9.25% 1 -29.6% 1

4 1.69% 0.05% -48.68 0 -45.21% 0

5 -3.41% -1.07% -2.59% 3 -4.05% 0

6 7.69% 3.08% -18.17% 0 -27.74% 1

7 1.90% 3.00% -5.53% 1 -7,75% 1

8 1.73% -0.81% -6.3% 2 -30.81% 0

9 0.40% 0.80% 22.44% 2 28.71% 2

10 -5.49% -1.09% -19.82% 1 -12.81% 1

11 -4.84% -1.99% -6.26% 0 -16.76% 2

Table 2 Participants’ Consumption Shift Analysis

Prosumers Role Change: Finally, we evaluate whether consumers change their

power consumption patterns as they become prosumers. Based on the prosumer

interview statements, the hypothesis (H3.3) is that prosumers have increased their

consumption share during the daylight hours compared to their consumption be-

havior as consumers in the previous year. With this consumption shift towards the

daylight hours, they can consume more of their self-generated energy from the PV

panels. For the analysis, two months (May & June) from the project phase are

compared to the identical months from the previous year. Access to the previous

year’s data is possible because consumption was recorded before the project’s of-

ficial start. During this time, the three prosumers had not yet installed their own

PV systems. An average week is created from each of the two months as consumers

and prosumers. For each day, the consumption share during daylight hours is de-

termined. Regarding the available daylight in both months, we consider the period

from 9 a.m. to 6 p.m. as daylight time to ensure PV power plants generate sufficient

power. Table 3 shows the average consumption share during this time as consumers

and prosumers. The proportion of consumption during daylight time reveals that,

contrary to the prosumers’ statements and impressions, the participants slightly

reduced their consumption in the relevant time period. Participant 5 has almost
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not changed consumption (-0.39%). Participants 7 and 9 show a higher reduction

in consumption during the daylight time of -4.12% and -6.48%, respectively. The

individual analysis of the weekdays does not show a clear picture either. Therefore,

we have to conclude that the prosumers in our project did not significantly change

their consumption behavior towards the consumption of more renewable generation

when transforming from a consumer to a prosumer. We reject the third hypothesis

(H3.3). Additionally, it shows that although the participants consciously tried to

move their consumption into the times of the day with PV generation and actually

reported this behavior change, the effect does not show in the data and is covered by

everyday necessities and habitual behavior, as participant 5 states in the interview.

Participant Consumer Consumption Share Prosumer Consumption Share Difference

5 53.94% 53.55% -0.39%

7 56.51% 52.39% -4.12%

9 59.83% 53.35% -6.48%

Table 3 Prosumers’ Consumption Share Change

Summary: The analysis of the participants’ consumption behavior in response to

different price signals is surprising from an economic perspective. In trading phase

F, individual participants seem to have increased and thus shifted their consumption

share during the announced low priced phase. However, these effects are small, are

not observed for all participants and only apply to a subgroup. This result suggests

that targeted, individual price signals are unlikely to lead to direct consumption

shift responses. In the analysis of trading phase G, we investigate whether partic-

ipants are willing to shift their consumption between different days to low priced

days. The analysis results show that participants do not systematically shift their

consumption into these low priced days. Therefore, it can be assumed that con-

sumers are not willing or are not able to shift consumption across several days.

Finally, the last analysis reveals that consumers who become prosumers do not

change their consumption behavior fundamentally. Although the participants state

in the interviews that they pay more attention to trying to consume more during

hours with possible self-consumption from PV generation, these effects cannot be

validated in the data analysis. It can therefore be concluded that the effects result-
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ing from conscious behavioral changes caused by prices or self-generation are very

small or non-existent.

6 Discussion

We provide first insights into long-term participant behavior within a CEC and

compare the observed behavior with assumptions from the literature. For the dis-

cussion, a summary of the results is presented in Table 4.

Analyses Hypotheses Description Results

1
H1.1

Different preference

for local sources

Converging trend for both sources over time and different between

prosumers and consumers.

H1.2
Willingness to

pay premium prices
Initial willingness to pay premium prices is high but diminishes fast.

2
H2.1

Regular interaction

with the platform

Overall, participants show a low bidding activity.

It is stated that this is caused by a lack of time and market complexity.

Participants monitor their behavior regularly

but show less interest in adjusting their bidding strategy.

H2.2 Report Information

Participants do not react to specific information or

price changes from reports by adjusting their bidding strategy.

Regular reports foster bidding activity and

participants perceive them as a useful tool.

3

H3.1 Intra Day Insignificant consumption shifts into low-price period within a day.

H3.2 Between Day No observable effect.

H3.3 Prosumer Change
Perceived behavioral change by the prosumers cannot be

identified in the consumption data.

Table 4 Result Overview

In the first analysis, we observe that the participants in the project have differ-

ent preferences for local energy sources and are initially willing to pay premium

prices for local PV energy. However, participants reduce their willingness to pay

throughout the project. This finding contrasts with studies stating that consumers

are willing to pay premium prices for local renewable electricity (e.g.,[45]). This is

an important finding, as the initial observations in the project seemed to confirm

this assumption. However, we were able to show that this effect does not persist over

the period of one year. The long duration of our study is an advantage regarding

that question over other studies on the same subject. We explain this negative trend

by the need for repeated interactions on the market, which leads the participants

to abandon their intentions to pay high prices for local sources and act more eco-

nomically [54]. It affects the long-term effectiveness of CECs and lowers investment

incentives, and it increases the prosumers’ investment uncertainty [56]. Operators of

CECs need to examine the extent to which participants are willing to pay premium

prices more closely in advance and whether this would persist. Alternatively, fixed

sales prices could be established abandoning the idea of a market mechanism. An
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open question is whether the initially high bid prices and their reduction can be

observed repeatedly in other projects and whether the market mechanism might be

the cause for this. In addition, alternative solutions or countermeasures should be

further analyzed to prevent the long-term abandoning of premium prices.

Our second analysis shows that the recorded bidding activity is rather low and

heterogeneously distributed across the participants. It appears that although par-

ticipants showed an initial willingness to engage with the system, this declines over

time. This result is comparable with the reported activity from the study by [23].

They indicate that some participants show regular activity and others become in-

active quickly. In the interviews, participants mentioned several reasons for the de-

creasing activity (e.g., available time or the overall market mechanism complexity).

The most limiting factors for the participants are time resources they are willing

to allocate to deal with the system. One participant stated that he had no need

to participate actively and only tracked his own data. Other participants said they

had less time than expected for the project and then simply forgot about it. Also,

participants reported a high market mechanism complexity and that the market

results were unclear in many cases. These circumstances resulted in uncertainty, in-

hibiting some participants from actively participating in the bidding process. This is

a very important finding because many different market mechanisms, some of which

with a high complexity, are developed and studied in the literature [41]. However,

most participants seem to favor a stable mechanism with simple rules and less dy-

namic pricing. The results show that an easy-to-use system with low complexity

is paramount for the success on CECs. In addition, participants state and their

behavior shows that regular reminders, like reports, can foster activity and improve

the participants’ engagement. However, we could not identify specific information

or price signals, which trigger activity. Therefore, regular reports may constitute

helpful means to foster overall activity and engagement of community participants.

However, the main challenge for future CECs will be its participants’ activation and

regular interaction.

In our final analysis, we evaluate how price signals can incentivize consumption

shifts. However, we cannot confirm a reaction to the price signals sent in the trading

phases F and G. It becomes evident that consumption shifts within a day rarely
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occur and the shifted amounts are small. Participants do not integrate shifts during

the day within their daily routine. Since the incentive effect for load shifting is listed

in the literature as an important advantage [13, 23], further research is needed, espe-

cially in this area. Consumption shifts between days cannot be observed at all. The

goal must be to find ways to use the local price signals to incentivize consumption

shifts of the participants, possibly through the usage of automated systems. Intel-

ligent control systems managing large consumers such as electric vehicles, storage

devices, or heat pumps might have greater potential. Simply announcing periods of

low prices is not sufficient, and the manual reactions of consumers appear ineffective.

In addition, despite statements of behavioral change by the prosumers, we cannot

observe any change in consumer behavior when consumers become prosumers. It

appears that prosumers overestimate the impact of behavioral adjustments on their

consumption behavior.

Even though we are confident that our results will inspire future researchers and

strengthen the research strand of CECs, our study is subject to several limitations.

First, the number of observed participants in this study is limited. Eleven partici-

pants represent a rather small sample, meaning that statistically significant effects

cannot be deducted. To this end, we conducted semi-structured interviews with all

participants to complement the quantitative analysis, to provide further insights,

and to explain the findings in greater detail. Furthermore, we assume a certain de-

gree of self-selection bias as participants were recruited through a local event, and

the participation was voluntary. Participants show environmental awareness in the

interviews and are interested in green energy. For this reason, it is not clear whether

the results also apply to communities, in which other values and interests are rep-

resented. Given this limitation, it is particularly interesting that the willingness to

pay premiums for local green energy did not persist.

In addition, we only record bid changes and not logins to the user application in

this project. Therefore, our statements about the inactivity are based on the bid

submission. It cannot be ruled out that participants were more active than indicated

by the data. For example, participants can check their individual consumption data

or market prices without making any bid changes. Participants stated they used the

reports and application regularly to check their individual load values. Therefore,
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the real activity could be higher than assumed but cannot be determined exactly

within this study. Nevertheless, it has to be noted that such activity does not

contribute to the balancing advantages of CECs if the consumption behaviour is

not adjusted.

7 Conclusion

Our research yields the first longitudinal insights on participant behavior in CECs

with a trading platform. In this study, we conducted a long-term field experiment

with eleven participants, of which three are prosumers and eight are consumers. We

conduct three analyses, which focus on different assumptions of CECs in the lit-

erature. Our analyses evaluate the participants’ preferences and willingness to pay

premium prices for local energy sources, their activity on the CEC platform and

behavioural responses to different provided information. We investigate the effects

of different price signals on the participants’ consumption behavior and how con-

sumers change it when they become prosumers. We use a mixed-method approach

combining quantitative data recorded in the project with semi-structured interviews

with the participants after the project. We observe that participants differentiate

between local energy sources and show an initial high willingness to pay (premium

prices) for local PV power. However, this willingness diminishes fast, and nearly

all participants’ bid submissions show a negative trend. Furthermore, participants

become more inactive throughout the project duration due to different reasons.

The most prominently stated reason is a lack of time and overwhelming market

complexity. However, regular reports and reminders support the participants in in-

teracting with the community and are perceived as helpful. Regarding price signals,

participants show no effective load shifting within or between days. Also, contrary

to self-assessment, consumers show no behavioral consumption change when they

become prosumers.

Our results show that literature assumptions on user behavior within CECs need

to be tested more closely in practice and that the complexity of the platform needs

to be reduced in the practical CEC implementation. At the same time, there is

a need for additional decision support systems that allow participants to easily

and regularly become active on the platform. Similarly, there is a need for better

integration of automated systems that take over consumption shifts in an automated
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way for the participants, as they are unwilling or unable to react themselves. Overall,

it can be seen that there is still a great need for research to transfer CECs into

practice, while preserving the expected benefits.
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??? (2014)

54. Falk, A., Szech, N.: Morals and Markets. Science 340(6133), 707–711 (2013). doi:10.1126/science.1231566.

Accessed 2021-09-26

55. Nisi, V., Nicoletti, D., Nisi, R., Nunes, N.J.: Beyond Eco-feedback: using art and emotional attachment to

express energy consumption. In: Proceedings of the 8th ACM Conference on Creativity and Cognition - C&C

’11, p. 381. ACM Press, Atlanta, Georgia, USA (2011). doi:10.1145/2069618.2069706.

http://dl.acm.org/citation.cfm?doid=2069618.2069706 Accessed 2022-01-04

56. Morstyn, T., Farrell, N., Darby, S.J., McCulloch, M.D.: Using peer-to-peer energy-trading platforms to

incentivize prosumers to form federated power plants. Nature Energy 3(2), 94–101 (2018).

doi:10.1038/s41560-017-0075-y. Number: 2 Publisher: Nature Publishing Group. Accessed 2020-05-25



Figures

Figure 1

Consumer PV bid prices throughout project duration

Figure 2

Consumer CHP bid prices throughout project duration



Figure 3

Prosumer bid prices throughout project duration


