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Abstract 
The digitalisation of the energy domain can bring forth numerous 
aspects of the energy transition that can boost the emergence of 
energy citizenship, information sharing, and improved decision-
making processes. However, this is premised on citizens being able to 
make sense of (digital) information. Hence, this paper proposes a link 
between energy informatics and energy citizenship via energy literacy, 
considering the cognitive and affective aspects of energy literacy and 
their relation to behaviour and action. By doing so, this paper aims to 
understand how the use of energy-related information and social 
media within five different case studies from the GRETA project can 
impel energy citizenship. This paper approaches this rationale 
through different means: (a) structured interviews to understand how 
citizens understand and make use of energy information within the 
case studies; (b) topic modelling on the content of those interviews to 
identify common factors that might spur on hinder behaviour change 
towards energy citizenship; and (c) social media content analysis to 
identify key energy-related topics of discussions among citizens 
around the globe and assess the role of social media as a tool for 
energy citizenship. As a result, this paper identified some key 
takeaways to improve the delivery of energy-related information to 
energy citizens for enhanced energy citizenship. These takeaways 
allow to conclude that it is fundamental to surpass the formal 
boundaries of techno-economic constructs and start addressing 
qualitative/subjective constructs (e.g., emotions, affections, and 
feelings) to foster energy citizenship. Also, these takeaways could be 
translated into social mechanism principles in the design of frontend 
energy-related digital platforms for improved end-user interactions 
and energy citizenship. Finally, this paper recognised the need to 
incentivise energy citizens to use social media for consuming energy-
related information, and the need to formulate coordinated and 
coherent response strategies for disseminating energy-related 

Open Peer Review

Approval Status     

1 2 3 4

version 1
10 Jan 2023 view view view view

Ines Campos , Centre for Ecology and 

Environmental Change, Lisbon, Portugal

1. 

Dasom Lee , Korea Advanced Institute of 

Science and Technology, Daejeon, South 

Korea

2. 

Alexandra Revez, University College Cork, 

Cork, Ireland

3. 

Antti Silvast , Technical University of 

Denmark, Lyngby, Denmark

4. 

Any reports and responses or comments on the 

article can be found at the end of the article.

Open Research Europe

 
Page 1 of 25

Open Research Europe 2023, 3:6 Last updated: 28 JUN 2023

https://open-research-europe.ec.europa.eu/articles/3-6/v1
https://open-research-europe.ec.europa.eu/articles/3-6/v1
https://orcid.org/0000-0002-0435-192X
https://orcid.org/0000-0002-9888-0004
https://orcid.org/0000-0001-5271-5604
https://doi.org/10.12688/openreseurope.15267.1
https://doi.org/10.12688/openreseurope.15267.1
https://open-research-europe.ec.europa.eu/articles/3-6/v1
https://open-research-europe.ec.europa.eu/articles/3-6/v1#referee-response-32338
https://open-research-europe.ec.europa.eu/articles/3-6/v1#referee-response-32602
https://open-research-europe.ec.europa.eu/articles/3-6/v1#referee-response-32334
https://open-research-europe.ec.europa.eu/articles/3-6/v1#referee-response-32339
https://orcid.org/0000-0001-5677-875X
https://orcid.org/0000-0002-6387-0121
https://orcid.org/0000-0002-1026-6529
http://crossmark.crossref.org/dialog/?doi=10.12688/openreseurope.15267.1&domain=pdf&date_stamp=2023-01-10


Corresponding authors: Lurian Klein (lklein@cleanwatts.energy), Ajesh Kumar (ajesh.kumar@lut.fi)
Author roles: Klein L: Conceptualization, Data Curation, Formal Analysis, Funding Acquisition, Investigation, Methodology, Validation, 
Visualization, Writing – Original Draft Preparation, Writing – Review & Editing; Kumar A: Conceptualization, Formal Analysis, 
Investigation, Methodology, Writing – Original Draft Preparation, Writing – Review & Editing; Wolff A: Conceptualization, Funding 
Acquisition, Supervision, Writing – Original Draft Preparation, Writing – Review & Editing; Naqvi B: Supervision, Writing – Review & 
Editing
Competing interests: No competing interests were disclosed.
Grant information: This research was financially supported by the European Union’s Horizon 2020 research and innovation programme 
under the grant agreement No. 101022317 (GReen Energy Transition Actions [GRETA]). 
Copyright: © 2023 Klein L et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
How to cite this article: Klein L, Kumar A, Wolff A and Naqvi B. Understanding the role of digitalization and social media on energy 
citizenship [version 1; peer review: 1 approved, 2 approved with reservations, 1 not approved] Open Research Europe 2023, 3:6 
https://doi.org/10.12688/openreseurope.15267.1
First published: 10 Jan 2023, 3:6 https://doi.org/10.12688/openreseurope.15267.1 

information.

Keywords 
Digitalisation, social media, energy citizenship, energy informatics, 
energy literacy

 

This article is included in the Horizon 2020 

gateway.

 

This article is included in the Sustainable Places 

2022 collection.

Open Research Europe

 
Page 2 of 25

Open Research Europe 2023, 3:6 Last updated: 28 JUN 2023

mailto:lklein@cleanwatts.energy
mailto:ajesh.kumar@lut.fi
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.12688/openreseurope.15267.1
https://doi.org/10.12688/openreseurope.15267.1
https://open-research-europe.ec.europa.eu/gateways/h2020
https://open-research-europe.ec.europa.eu/gateways/h2020
https://open-research-europe.ec.europa.eu/collections/sp2022
https://open-research-europe.ec.europa.eu/collections/sp2022
https://open-research-europe.ec.europa.eu/collections/sp2022


1 Introduction
The Horizon 2020 GRETA project1 is funded under the LC-SC3-
CC-1-2020 call focused on the “Social Sciences and Humanities 
aspects of the Clean Energy Transition”1. Specifically, this call 
aims to shed light on cross-cutting issues impacting the clean 
energy transition beyond the technoeconomic realm, includ-
ing for that matter socioeconomic, gender, sociocultural, and  
socio-political issues1. One key question posed by this call 
is to better understand the impact that the digitisation of the 
energy system and social media have on the emergence and  
consolidation of energycitizenship1.

The international treaties on climate change (e.g., the Paris 
Agreement) demonstrate the growing global awareness on 
the need to reduce greenhouse gas emissions and define path-
ways for a sustainable and citizen-centric energy transi-
tion - putting a strong emphasis on the adoption of renewable 
energy technologies and electric mobility and improving energy  
efficiency2. At the same time, there has been an escalation of 
mobilizations by organized citizens, taking action to intervene 
in socio-political debates on climate change and the energy  
transition3. Even though these manifestations are yet far from 
mainstream, their potential collective effects could be very sig-
nificant for energy citizenship, which can be understood as the 
public’s awareness on their rights and responsibilities for col-
lective energy actions and for a just, equitable, and sustainable  
energy transition4. Therefore, energy citizenship is defined 
under the scope of the GRETA project as the notion of citi-
zens as active, involved, and interested participants in the 
clean energy transition and the decarbonisation of energy  
systems, framed on the idea of society’s equitable rights 
and responsibilities to deal with the consequences of energy 
(mis)use – i.e., climate change. Contrarily to civic or social  
innovation initiatives that only offer incremental changes 
or innovative solutions to existing socio-technological sys-
tems, the GRETA project defends that energy citizenship has 
an inherent transformative nature that promotes real, radical  
changes in those systems.

On the other hand, digitalisation refers to the application of 
Information and Communication Technologies (ICT) across 
the economy to deliver new services, revenue streams, or value-
producing opportunities – hence bridging the gap between the 
physical and the digital realms5. The fast pace of digitalisa-
tion worldwide is only possible due to continuous advances 
in three main areas: Big Data, data analytics, and connectivity  
/ interoperability5. In the energy sector, digitalisation entails 
improved safety, productivity, efficiency, and sustainability of 
energy systems around the globe, as it facilitates the real-time 
management and operation of the grid5. Illustratively, energy 
digitalisation can entail the use of real-time energy-related  
data to improve energy efficiency; or to develop models 

that improve customers’ experiences, information sharing,  
interactions, services, and decision-making processes.

Moreover, in terms of the impact of social media on energy 
citizenship, researchers have carried out experiments with 
energy citizens, energy data, and social media applications 
to see how it influences energy behaviour or usage pattern. 
Illustratively, from an experiment focused on the Facebook-
based application, a significant reduction in energy consump-
tion was observed in the case of socially enabled conditions6. 
Social media was found to have enabled discussion around 
energy usage, an enhanced competition that resulted in motiva-
tion for energy savings, and socially mediated banter leading to 
an improved user experience6. Researchers have also used other 
social media platforms like Twitter for studying how citizens 
are appropriating these platforms for their social and political 
needs6. Furthermore, researchers have used sentiment and emo-
tion analysis techniques on Twitter for understanding how the 
public discusses climate change and energy issues7, and how to  
identify stroke survivors and their gender8. Researchers have 
identified Twitter as a rich source for sentimental analysis and  
opinion mining on everyday aspect of life as well6.

Hence, this paper defends the idea that the digitalisation of 
the energy domain and social media have the potential to 
bring forth numerous aspects of the energy transition that 
can boost the emergence of energy citizenship. However, this 
is premised on customers being able to make sense of such 
information.

In view of that, this paper proposes to look at how digitalisa-
tion and social media might impact the emergence and effec-
tiveness of energy citizenship from an energy informatics and  
energy literacy perspective – i.e., how data and informa-
tion derived from digitalisation and social media can support 
more educated energy-related decision-making processes and  
consequently spur energy citizenship.

To do so, this paper conducted a literature review on energy 
informatics and energy literacy to understand how the intersec-
tion between these two fields of research can potentially inform 
energy citizenship. Subsequently, this paper proposed three dif-
ferent methodological approaches to assess the impact that 
energy literacy and energy information deriving from digitisa-
tion and social media have on the emergence and consolidation 
of energy citizenship, including: (a) interviews with representa-
tives from five GRETA case studies to understand how citizens 
currently understand and make use of energy information and 
social media to communicate about energy-related topics;  
(b) topic detection on the structured interview answers to detect 
common shortcomings and best practices related to the presen-
tation and representation of energy information within the five 
GRETA case studies, as a means to provide inputs on the opti-
mal design of energy-related digital platforms; and (c) social  
media content analysis to identify key energy-related topics 
of discussions among citizens to assess the role of social media  
as a tool for energy citizenship.

1 The GRETA project (www.projectgreta.eu) has received funding from 
the European Union’s Horizon 2020 Research & Innovation programme  
under grant agreement No 101022317.
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1.1 Case study description
The case studies under scrutiny in this paper are part of the 
Horizon 2020 GRETA project2 – officially launched in 2021 
and to be concluded in 2023. This Research & Innovation 
Action project aims to study the main determinants influ-
encing the emergence of energy citizenship in different  
community-level contexts and scales, using for that matter  
a novel combination of scientificmethods and models.

As previously explained, energy citizenship is defined under 
the scope of the GRETA project as a form of citizens’ proac-
tive involvement and participation in the clean energy transi-
tion and the decarbonisation of energy systems in a fair and  
non-discriminatory manner, which can be manifested in mul-
tiple ways – e.g., households adopting renewable energy solu-
tions or electric vehicles, citizens joining energy communities,  
or advocating for climate change, etc.

In view of that, the GRETA project aims to design and test dif-
ferent mechanisms of behavioural change capable of removing 
barriers to civic participation and empowerment in energy-related 
activities through enhanced energy citizenship (e.g., Energy 
Citizenship Contracts; Community Transition Pathways; Open 
Portfolio for Civic Energy Empowerment, etc.), as well as pro-
vide EU-level recommendations for improvements in the policy 
and legislative frameworks to include energy citizenship’s 
contribution towards decarbonisation goals.

The GRETA project defends that civic empowerment is deter-
mined by a complex, cross-cutting mix of influencing factors 
that go far and beyond policy and regulation, including finan-
cial resources, access to technology, social dynamics, improved 
decision-making, and knowledge and information – and that 
changes in these factors might steer or hinder citizen motiva-
tions and willingness to engage in energy citizenship, thus posi-
tively or negatively impacting their level of engagement and 

agency. In view of that, the GRETA project conceptualised five 
different engagement transition levels along the GRETA energy 
citizenship awareness ladder, including: (i) unaware; (ii) aware; 
(iii) involved; (iv) active; (v) advocate. – as schematised in 
Figure 1.

To test that, the GRETA project conceptualised six case stud-
ies and an EU-wide multinational survey with citizens to 
identify and test what the determinants and levels that best 
impact the emergence of energy citizenship. On one hand, the  
six case studies serve to geographically anchor cases of emer-
gence or inhibition of energy citizenship under different  
sociodemographic, socio-technological, socio-political (includ-
ing institutional), governance, objectives, and geographical pre-
conditions. On the other hand, the multinational survey with 
EU citizens (with approximately 10,000 responses) serves for  
standardization purposes – i.e., to correlate identified factors 
and levels of citizen involvement in a georeferenced way to 
test where and what type of energy citizenship is emerging.  
Table 1 provides an overview of the six GRETA case studies.

The different nature of the selected case studies was purpose-
fully conceived to provide the GRETA project with a wide  
plethora of ways in which energy citizenship can best emerge.

It is important to note that the GRETA case study no. 5 (i.e., 
the Earnest App) was excluded from the scope of this paper as 
it went through an amendment process during the conduction  
of this study.

2 �it�r�tur� r��i���it�r�tur� r��i��
2.1 Energy informatics and energy citizenship
Ryghaug et al.4 argued that energy citizenship is based on mate-
rial participation such as purchasing photovoltaic (PV) panels 
or using an Electric Vehicle (EV). The premise is that the act of 
owning and using such things reinforce energy citizenship. A 
criticism to this materialistic view is that it may exclude those 

Figur� 1. R�pr�s�nt�tion of �ng�g�m�nt tr�nsition outcom�s �long th� GRETA’s �n�rgy citiz�nship ���r�n�ss l�dd�r3.

2 GRETA has received funding from the European Union’s Horizon 2020 Research 
and Innovation Action (RIA) programme under Grant Agreement no. 
101022317.

R

3 Figure 1 has been reproduced with permission from the copyright holder 
Massari, M. (2020) (m.massari@unibo.it).
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T�bl� 1. O��r�i�� of th� GRETA c�s� studi�s.

C�s� Study 1: R�n���bl� En�rgy District - Bologn� Pil�stro-Ro��ri, It�ly

G�ogr�phic�l l���l Go��rn�nc� M�in cl��n �n�rgy tr�nsition go�l Eng�g�m�nt l���l (pr� �nd post GRETA)

Local Several associations / 
cooperatives

Renewable Energy Unaware – Active

D�scription

Mixed-use district in Bologna composed by two neighbourhoods: Pilastro (residential) and Roveri (industrial) and built as a response 
to the growing need of social housing for locating immigrants. Although Pilastro was conceived as an autonomous neighbourhood to 
be served by mixed services/activities, it became a mono-functional residential neighbourhood with socioeconomic issues (e.g., energy 
poverty). On the other hand, Roveri hosts a variety of companies in multiple sectors, and is involved in the creation of the first energy 
community of the city – benefiting from the presence of local industrial partners with large PV plants

C�s� Study 2: N�tur�l g�s-fr�� districts – Th� N�th�rl�nds

G�ogr�phic�l l���l Go��rn�nc� M�in cl��n �n�rgy tr�nsition go�l Eng�g�m�nt l���l (pr� �nd post GRETA)

National Cooperative / 
Municipalities

Renewable Energy / Energy Efficiency Aware – Advocate

D�scription

In 2019, the Dutch national program on natural gas-free neighbourhood initiated an initiative in the Netherlands for gas-free 
neighbourhoods by 2050 in view of increasing earthquakes near gas fields in Groningen. Municipalities are given the responsibility to 
ensure this sustainability transition. Need for citizen acceptance for investments on the renovation of the built environment towards 
natural gas-free heating infrastructures. Often the pilot projects are organised in the form of co-operative, who co-design this transition 
together with residents and with the techno-economic support from the municipality

C�s� Study 3: Coopérnico - R�n���bl� En�rgy Coop�r�ti��, Portug�l

G�ogr�phic�l l���l Go��rn�nc� M�in cl��n �n�rgy tr�nsition go�l Eng�g�m�nt l���l (pr� �nd post GRETA)

National Cooperative Renewable Energy / Energy Efficiency Active - Advocate

D�scription

Coopérnico is the first renewable energy cooperative in Portugal, counting with +1,000 members - including citizens, small-medium 
enterprises, and municipalities. Coopérnico’s mission is to involve its members to reshape the energy sector into a more renewable, 
socially just, and collaborative one. Coopérnico’s working areas are renewable electricity production, commercialisation, and innovative 
energy services – e.g., financing collective PV projects, supplying 100% renewable electricity to its clients, informing members about 
energy efficiency practices, supporting the creation of citizen energy communities, or lobbying at national level to support the citizens’ 
perspectives in the creation of energy policies and enabling legal frameworks

Case Study 4: UR BEROA - Energy Efficiency Cooperative, Spain

G�ogr�phic�l l���l Go��rn�nc� M�in cl��n �n�rgy tr�nsition go�l Eng�g�m�nt l���l (pr� �nd post GRETA)

Local Cooperative Energy Efficiency Involved - Active

D�scription

UR BEROA is a local energy efficiency cooperative in the neighbourhood of Bera Bera in San Sebastian. It is focused on delivering a 
sustainable plant composed of three natural gas boilers, a cogeneration engine, a boiler of biomass and solar panels that generate 
hot water – to be remotely managed based on the needs of each zone. UR BEROA is negotiating the offer of its services to a group 
of 237 households close to the neighbourhood, including collective self-consumption and other community-wide energy services / 
infrastructures (e.g., e-mobility)

C�s� Study 5: E�rn�st App –Sust�in�bility �pp for �n�rgy citiz�nship, G�rm�ny

G�ogr�phic�l l���l Go��rn�nc� M�in cl��n �n�rgy tr�nsition go�l Eng�g�m�nt l���l (pr� �nd post GRETA)

Regional Virtual community E-Mobility Aware - Active

D�scription

The Earnest App is an is an informative, interactive and game-like online app that provides information and advice about energy and 
CO2 emissions. That is, it provides information, quizzes, and small challenges for its users to begin (or continue) to question their 
current energy and mobility behaviour (e.g., the use of e-mobility options, public transport, and reduction of long-term travel). It aims 
to encourage reflections on energy behaviour and – based on a growing understanding of the systemic consequences of mobility and 
consumption choices – seeks to incite spill over effects into adjacent areas of a sustainable lifestyle (e.g., energy efficiency). Case study 
members exchange their experiences with the app regularly online as part of a virtual community. Young citizens from the University of 
Applied Sciences in Darmstadt are the targeted demographics for the app.

Page 5 of 25

Open Research Europe 2023, 3:6 Last updated: 28 JUN 2023



who cannot afford the technology. Furthermore, in those cases 
people do not always interact with the technology directly, 
but instead the participation is mediated via data and other 
energy-related information. This might include, for example,  
looking at energy bills, monitoring usage through smart meters 
directly, or investigating the long-term cost and environ-
mental benefits of owning PV panels, air-water heat pumps, 
EVs and so forth. As such, the sheer amount of data and  
other energy-related information might dissuade people 
from participating actively. To illustrate the inherent limita-
tions of this materialistic view, a person might decide that it 
is not a good investment to install PV panel on their rooftop if  
the available area is insufficient or oriented in the wrong direc-
tion; if they are not at home during the day to make use of the 
generated energy; or if the cost of battery storage is prohibi-
tive. However, this does not entail that they are not exercis-
ing energy citizenship, in case they have investigated the  
implications of such things, or if they use this knowledge 
to help others making decisions on whether to get PV pan-
els – e.g., advocating to a neighbour who is at home during 
the day, who has a favourably oriented roof, or who may be  
eligible for a grant due to their socio-economic circumstance.

Therefore, this paper proposes to look at the intersection 
between energy information and energy citizenship from the 
perspective of non-material participation - e.g., how engag-
ing with energy-related information may or may not support 
improved decision-making processes and consequently energy  
citizenship.

This paper fundaments this view from an energy informat-
ics perspective, which is a field of research that is broadly  
concerned with how Information and Communication Technolo-
gies (ICT) is used within energy systems to capture high-level  
granular energy data for increased energy efficiency in energy 
distribution and consumption networks9,10. It has been seen 
that providing end-users with energy data and information 
does influence their energy consumption behaviours, which 
however rely on other societal factors and social dynamics11.  
Hence, with the increasing availability of sophisticated IOT-
based smart devices in households and adaptability of soft-
ware applications in handheld devices, alongside the increasing  
accessibility to renewable generation, energy storage and 

electric mobility, research on energy informatics must start 
embracing a citizen-centric orientation to start promoting the  
optimisation of energy systems based on principles of energy 
justice and equity9. In this regard, research on what kind of  
energy-related information is relevant to spur energy citizen-
ship and actions among energy citizens has been identified  
as a strategic approach achieve that9.

While some aspects of energy informatics concern cyber- 
physical systems (i.e., automated systems that use real-time 
data to drive automatic responses for improved energy effi-
ciency), this paper is mostly concerned with the role of energy 
informatics in human decision-making. Hence, by taking the  
online definition of informatics12 as:

“Informatics harnesses the power and possibility of digital tech-
nology to transform data and information into knowledge  

that people use every day.”

Then this paper proposes to similarly define energy informatics as:

“Energy Informatics harnesses the power and possibility of digital 
technology to transform energy data and information into  

knowledge that people use every day.”

Watson et al.9 presented a research question matrix identi-
fying nine important research questions concerning energy  
informatics, spanning different stakeholders - namely suppliers, 
consumers, and government. Some questions are more criti-
cal for energy citizenship than others, as they deal with 
the concept of information that can aid citizens to be more  
critically  informed about their energy usage, including:

• How information systems can increase energy efficiency 
by integrating supply and demand data

• How information systems can be used to change  
social norms around energy consumption

• What data could aid in determining the efficiency of 
energy policy

• What information can help energy citizens to understand 
their own energy consumption through devices that 
they own

C�s� Study 6: Autonomous �nd conn�ct�d �l�ctric�l mobility n�t�ork

G�ogr�phic�l l���l Go��rn�nc� M�in cl��n �n�rgy tr�nsition 
c�t�gory go�l Eng�g�m�nt l���l (pr� �nd post GRETA)

Supranational Partnership E-Mobility Unaware - Active

D�scription

The advent of electric autonomous mobility concerns the manufacture and integration of new electric vehicles, the upgrade of 
current road and traffic infrastructures, telecommunications based in 5G standards and battery recharging infrastructure. Assisted 
electric-autonomous mobility is likely to be widely available by 2025 and fully electric autonomous mobility by 2035. Roadmaps for 
pre-deployment and deployment of electric and autonomous mobility are in preparation within the European Cooperative, Connected 
and Automated Mobility (CCAM) Partnership - integrated by member state authorities, manufacturers, research and standardisation 
organisations, and the European Commission. The role of citizens in such initiative has been very limited, hence the rationales to study 
how the engagement of citizens is likely to emerge in this realm of sustainable energy transitions
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These are all important questions to look at when it comes to 
citizens and how they interact with the energy realm. These 
authors concluded that energy informatics can help increase 
energy efficiency, since the collection and analysis of energy-
related data support the optimization of energy flows in the 
grid, and support citizens to better understand their energy 
behaviour. Similarly, Dao et al.13 argued that a higher level of 
energy-related data granularity supports the development of 
information systems that optimise energy usage and aid sustain-
ability. Moreover, Wilhite14 and Yim11 have shown that when 
information on energy consumption is provided (e.g., through 
energy bills or smart meters), it is effective in changing energy 
consumption behaviour. It has also been seen that when it 
comes to collective culture or community-wise energy projects, 
energy informatics has a significant role in increasing participa-
tion and engagement in energy conservation efforts, especially 
in communities where a strong collective culture exists11.

2.2 Energy literacy and energy citizenship
Energy literacy, very broadly, refers to the ability to answer 
questions and solve energy-related problems. According to the 
U.S. Department of Energy15, who have created an energy lit-
eracy framework to support teaching and learning about energy, 
an energy literate person: (i) can trace energy flows and think in 
terms of energy systems; (ii) knows how much energy they use, for 
what purpose, and where the energy comes from; (iii) can 
assess the credibility of information about energy; (iv) can com-
municate about energy and energy use in meaningful ways; 
(v) can make informed energy use decisions based on the 
understanding of its impacts and consequences.

Energy literacy is thought of comprising three main dimen-
sions, including: (i) the cognitive dimension associated with the 
energy-related knowledge and skills abovementioned; (ii) the 
affective dimension associated with attitudes, values, and per-
sonal responsibility towards energy; and finally (ii) the behav-
ioural dimension associated with the intention, involvement, and 
actions to be taken16. Although these dimensions interact in com-
plex ways, DeWaters and Powers17 identified that the behav-
ioural and affective dimensions may be more closely related 
with each other than with knowledge. As Martins et al.16 also 
point out, most studies have shown that, in an overall, the gen-
eral population has quite low levels of energy literacy and 
that negatively impacts their commitment towards energy sav-
ing behaviours. It is therefore clear that energy literacy plays a 
significant role in spurring energy citizenship.

Illustratively, Comeau et al.18 explored this link in a Canadian 
context through a national survey undertaken by 3,000 citizens. 
The survey analysis found a high level of awareness and support 
for renewable energy among those citizens, and for improving 
energy efficiency in their home, but a general reluctance to 
take positive actions such as allowing utility suppliers to lower 
home or water temperatures remotely, or to install PV panels. 
The authors speculated that this could be due to a lack of detailed 
familiarity with these specific technologies18. Similarly, they 
identified that Canadians were aware of ways that they could 
get involved in energy-related projects but failed to turn up to 

meetings due to several factors: lack of knowledge, a feel-
ing that their participation was tokenistic, and a lack of trust in 
the organisations involved18. Finally, they identified that most 
respondents favoured responsible energy use to protect the 
environment18.

Resolving such issues require a multitude of approaches. In the 
GRETA project, the approach undertaken was trying to reduce 
barriers to support citizens engaging with energy informa-
tion, so that the information derived from energy-related data 
could better inform and support decision-making processes or 
other energy-related behaviours. This more directly supports 
aspects of energy literacy related to the cognitive dimension pro-
posed by Martins et al.16, although it also relates to the affective 
and behavioural dimension as well.

Based on the abovementioned, the relationship between energy 
informatics, energy citizenship, and energy literacy is drawn 
in Figure 2.

3 M�thodsM�thods
This section aims at presenting the distinct methodological 
approaches tailored in this study to assess the potential impact 
of digitalisation and social media (from an energy literacy and 
energy informatics perspective) on spurring energy citizenship 
– based on the assimilation of the main take-aways from the 
scientific literature. Firstly, this section describes the interview 
structure conducted with representatives from five GRETA 
case studies to understand how its citizens currently under-
stand and make use of energy information and social media to 
communicate about energy-related topics. A topic detection 
exercise was performed on the interviews to detect common 
shortcomings and best practices related to the current ways of 
presenting and representing energy information within the five 
GRETA case studies, as to provide inputs on the opti-
mal design of energy-related digital platforms. Additionally, 
based on insights from the interview answers, a broad social 
media content analysis exercise was conducted beyond the 
scope of the five GRETA case studies to identify key energy-
related topics of discussion among citizens worldwide to  
assess the role of social media as a tool for energy citizenship.

Figur� 2. R�l�tionship b�t���n �n�rgy inform�tics, �n�rgy 
citiz�nship, �nd �n�rgy lit�r�cy.
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3.1 Structured interviews
In line with the objectives set by this study, structured interviews 
with the five GRETA case studies were conducted to under-
stand how they currently understand and make use of informa-
tion and social media to communicate about energy-related 
topics with stakeholders – including energy citizens and the  
broad public. The structured interviews served to guide the 
development of two different methodologies to uncover the 
impact of digitalisation and social media on the emergence and 
consolidation of energy citizenship – i.e., the topic detection  
exercise and the social media content analysis.

Interviewing was the scientific approach elected by this study 
to gather data from the five GRETA case studies as it allowed 
researchers to: (i) access perception; (ii) understand how 
the respondent has constructed or developed meaning; and  
(iii) access the respondent’s version of the situation or reality as 
seen or experienced by them. A structured interview involves 
asking a set of predefined questions, thus allowing the stand-
ardisation of questions for each respondent and the comparison  
between different responses in a more structured manner19.

Guidelines for structured interviews suggest that the interview 
must not be too long20. Also, the scientific literature suggests 
that there must be a good rapport between the interviewer and 
the interviewed, which may be a challenge at times. The inter-
view question should gradually increase in complexity and 
should be able to gather data relevant to the objective under 
perspective. This also requires that both the interviewer and  
the interviewed have relevant knowledge about the topic20.

Following those guidelines, the interview protocol proposed in 
this study was conducted with representatives of five case stud-
ies within the GRETA project4. These representatives were 
partners of the GRETA project consortium responsible for 
managing their respective case studies, as they held updated infor-
mation about the day-to-day activities within the case studies 
and interacted with energy citizens regularly – thus represent-
ing gatekeepers capable of aligning the views and bridging the 
interactions between the project consortium and the five GRETA 
case studies.

The GRETA case studies are composed by many different  
stakeholders (e.g., governments who define energy policy  
frameworks, business entities focused on renewable energy, 
local municipalities who support the decarbonisation goals of  
neighbourhoods, and citizens who participate in the renewable 
energy transition, etc.). However, since the main target stake-
holder group of the interviews were energy citizens, not all 
the energy information available within the GRETA case stud-
ies are relevant to them – e.g., technical information about  
transmission and distribution grids, to name one example. This 
was a relevant consideration for the creation of the structured 
interview protocol.

Additionally, it was identified that the types of available energy-
related information within five GRETA case studies were two-
fold – i.e., energy-related information relevant across case 
studies or unique to each case study. Hence, following the  
scientific recommendations abovementioned and the specifici-
ties of the five GRETA case studies, the structured interview 
protocol aimed at seeking the following energy-related  
information: (i) why the renewable energy transition is impor-
tant (e.g., the impact of reducing the carbon footprint, sustain-
able living, energy efficiency measures, renewable energy, etc. 
in climate change and global warming); (ii) what actions can 
be taken to achieve decarbonisation goals (e.g., step-by-step 
action guide for the renewable energy transition; relevant  
economic and social considerations; etc.); and (iii) how citi-
zens can get involved (e.g., access to incentives or subsidies;  
improvedand more educated decision-making; etc.).

Based on the abovementioned, a set of seven structured 
interviews were designed as presented in Table 2:

As the interviewees were situated in different geographical 
locations, video interviews were conducted online to take advan-
tage of the synchronous mode of communication, which is 
considered a better mode of communication for the interview as 
it allows the participants to take advantage of non-verbal com-
munication – which is also called social cues such as voice, into-
nation, and body language21. Specifically, the interviews were 
conducted online through Microsoft Teams during the first 
week of November 2021, with an average duration of  
50 minutes.

3.2 Topic detection on the structured interviews
This subsection aims to analyse the existing viewpoints on 
the current ways of presentation and representation of energy 
information among five GRETA case studies to distil com-
mon take-aways that could be translated into the design of  
energy-related digital platforms. The core idea behind this 
exercise is to give visibility to the potential shortcomings and 
good practices related to the presentation and representation of  
energy information in the GRETA project.

For that, the interview answers to questions no. 4-5-6-7  
represented a fruitful textual source of evidence about the  
existing good practices and gaps on the presentation and  
representation of energy information among five GRETA case 
studies. Therefore, a rigorous text classification was performed 
on these open-ended answers, using a method entitled topic  
detection (also known as topic modelling or topic analysis)22,  
following a similar methodological approach performed by 
Klein et al.23. Through this method, it was possible to break 
down, extract, and categorise the most relevant parts-of-speech  
tags or key phrases from textual data into topics that sum-
marise its core ideas, giving a complete picture of the topics  
discussed in a text corpus.

Furthermore, considering that the dataset contained in the inter-
view questions no. 4-5-6-7 was not overly extensive, the topic 
detection was carried out manually with a proper level of accu-
racy and efficiency, which allowed to derive meaning and reveal 
patterns across the interviewed multiple viewpoints on the 

4 Although the GRETA project comprises six case studies, only five were involved 
in the study presented in this paper as one of them underwent changes at the 
time the interviews were conducted.

R
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current way of presentation and representation of energy infor-
mation in GRETA. This approach is in line with the criteria 
set by Podger et al.24 with regards to the design of context-
appropriate assessment methods and tools, which includes: 
(i) methodological rigour, richness, and reliability of results;  
(ii) adaptability to the target respondents and project  
specificities; (iii) ease of use resources for replicability.

3.3 Social media content analysis
Social media might represent an important tool for disseminat-
ing energy-related information and spurring energy citizen-
ship, as the scientific literature points out that energy-related 
information shared in a social setting can lead to energy 
savings25. However, its use is generally limited to a younger 
stratification of society and many individuals do not use it due 
to generational gaps26.

In the context of the five GRETA case studies, it was identi-
fied that not all of them use social media as a regular channel 
for dissemination of energy-related information, and that social 
media might be seen as a potential source of misinforma-
tion spreading. In view of this limitation, this study decided to 
broaden the scope of the social media content analysis and 
target Twitter users across the globe rather than focusing on 
the five GRETA case studies.

Twitter was selected among different social media channels as 
it is widely used for such analysis since it allows the classifica-
tion of content based on hashtags that generally represent the 
topic under discussion5.

Specifically, a proprietary software entitled “Hashtagfy.
me” was used to analyse Twitter trends for energy-related  
hashtags5. This tool was selected from many other similar 
online tools as it allows the analysis of the engagement and 
popularity of a given topic through hashtag search as well as 
the measurement of the volume of discussion around a given  
topic. Hashtags were used because they collect different content 
under the same given topic based on the hashtag used to search 
for it. This helps to consider all the tweets that were posted online 
using the same hashtag or its slight variations. For instance, 
#cleanenergy, #renewableenergy, #solarenergy, #greenenergy, 
#sustainablity, and #energytransition represent the hashtags  
analysed using the proposed online tool, based on relevant 
topics discussed by the interviewees in subsection 3.1. Eng-
lish was the mainstream language for the search of hashtags 
as it was the predominant language used during the structured  
interviews presented in subsection 3.1.

4 R�sultsR�sults
4.2 Topic detection on the structured interviews
Following the methodological approach described in  
subsection 3.2, the content of the open-ended interview answers 
to questions no. 4-5-6-7 was categorised into seven differ-
ent gap-oriented topics (i.e., things that should be improved) 
and eight good practice-oriented topics (i.e., things that are  

T�bl� 2. �ist of int�r�i�� qu�stions.

No. Qu�stion st�t�m�nt

1 In your own words, describe your case study, its community, and its main goal

2 What information is being presented to energy citizens in your case study?

3 What channels are being used for disseminating energy information – e.g., energy bills, mobile text messages, 
social media, website, booklets, etc.?

4 In your opinion, what role digitalisation [including use of (i) social media; (ii) energy-related digital platforms] can 
have in disseminating energy-related information among energy citizens? 
Does your case study have any presence on social media? 
If yes, what is the primary use for social media in your case study?

5 In your case study, how does the energy information is delivered among energy citizens? 
Actively: i.e., information is sent automatically by the systems based on usage and other parameters without the 
intermediation of the user. If so, what is the frequency? 
Passively/On Demand: i.e., the user must request information every time.

6 In your opinion, did the energy information presented to users ever changed their energy behaviour? 
If so, can you give examples of those changes? 
Did you ever spot differences in energy usage patterns from the cases where information is actively delivered 
versus passively/on demand?

7 Did energy citizens ever report any gaps (in terms of content, or presentation/visualisation of energy information)? 
In your opinion, how should energy information be ideally presented?

R

5 Freely available, open-source alternatives to the proprietary software used 
in this study include Tinfoleak (https://github.com/vaguileradiaz/tinfoleak) or 
TAGSExplorer (https://hawksey.info/tagsexplorer/), to name a few.
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currently done well). The correlation between these top-
ics and their corresponding answers are presented in Table 3, 
together with the frequency in which these topics appeared  
across the interviewed answers.

In the same line of thought proposed by Klein et al.23, it is impor-
tant to note that the topic detection exercise was interpretative 
and adopted a social constructionist perspective. Hence, the 
interpretations made cannot be understood as definitive given 
that the proposed approach deals with uncertainty, multi-
ple perspectives, and the absence of a single, universally valid 
answer to the topic detection exercise – i.e., they should be open 
to multiple rounds of reinterpretation.

The analysis of Table 3 revealed answers that were clearly 
articulated, multifaceted, and rich in details and complexity, often 
with a strong view on the existing shortcomings in each case 
study, as well as a pragmatic view on how things should be ide-
ally done in a best-case scenario. This is evidenced in the examples 
showcased below:

“Most people do not care about heat transition from natural gas 
to electric one, thus you must tailor the information and link it to 

things which people care about, to be able to get them 
on board.”

“(…) Basically (Coopérnico’s) modus operandi is members 
working for members.”

This indicates that the interviewees could make sense of a 
complex social dimension, suggesting a strong commitment, 
knowledge, and real interest in their respective case study. 
Nonetheless, given that the topic exercise was solely based on 
the interviewed persons’ self-reported data, and in view to main-
tain a certain degree of “reflectiveness” about the proposed evalu-
ation, it is essential to note that the interview responses might 
present some degree of Hawthorne effect – which stands for 
the idea that individuals (i.e., the interviewed) might mod-
ify some aspects of their behaviour (i.e., their answers) due 
to their awareness of being observed (i.e., interviewed)27.

Furthermore, some topics stood out from others as they repre-
sented shared gaps and good practices across multiple case stud-
ies. The main common gaps uncovered by the topic detection 
exercise were: (i) the need for ease-of-use, intuitive presenta-
tion/visualisation of energy information; and (ii) the need for 
simplification of complex or overly technical information, which 
was present in 80% of the interviews (i.e., in four out of five 
interviews). On the other hand, the main common good practice 
uncovered by the topic detection exercise was the humanisation of 
processes / spurring social value generation, which was present 
in 40% of the interviews (i.e., in two out of five interviews). The 
uncovered topics that were transversal to different case stud-
ies are exceptionally valuable given that each interview was 
conducted individually (and without any connection to the 
other interviews) as to avoid conformity bias. Hence, a common 
thread binding different case studies was detected, even though 
they highly differ from one another (in terms of scales, geographic 

locations, legal frameworks, energy community configurations, 
sociodemographic characteristics, sociotechnical infrastructures, 
climate zones, etc.).

Based on the above analysis, it can be assumed that the inter-
viewees proposed some valid gap-oriented and good prac-
tice-oriented recommendations that could be translated into 
the proposal of embedded social mechanisms in the design of 
energy-related digital platforms. On that topic, Annala et al.27 
described some core scientific fundaments from the SSH that 
informed the development of optimal user-centric frontend 
interfaces for end-user interaction in local energy markets, 
including: the provision of added value; promotion of capacity 
building and awareness raising; creation of commitment and 
appeal; ease-of- use and intuitive designs; incentivisation of 
social comparison; stimulation of reflection and learning;  
consideration of a community-wide perspective for problem 
solving; gamification approaches, among others.

By analysing the abovementioned information against the  
foundational core constructs raised from the SSH literature, and 
by comparing it with the gap- and good practice- topics identi-
fied in the topic detection exercise, it becomes clear that in order 
to strive and succeed in the optimal design of energy-related 
digital platforms, it is fundamental to surpass formal bounda-
ries of techno-economic constructs, and start also addressing 
qualitative, subjective constructs, such as emotions, affections,  
and feelings.

4.3 Social media content analysis
The analysis of relevant hashtags using the online tool 
“Hashtagfy.me” considered the last 8-week’ worth of tweets 
(which represent the maximum length of analysis permit-
ted by the online tool). The 8-week period (October 12, 2021 –  
December 7, 2021) was chosen against a shorter period to 
overcome the challenges thrown by shorter periods which 
may coincide with social media campaigns that may include  
relative hashtags and skew the sample collected.

It is also worth noting that the online tool “Hashtagfy.me” analy-
ses hashtags based on a popularity score. The popularity score 
is based on the velocity with which new tweets are posted on 
Twitter all over the world. The highest velocity for a hash-
tag gets it a popularity score of 100%, the second position is 
calculated relative to the first one, and so forth.

Figure 3 shows that there is a lot of variation in the popular-
ity score of the selected energy-related hashtags, and that their 
popularity score is less than 50 in comparison to the most  
popular hashtags on Twitter during the 8-week analysis period 
(see Figure 4).

The online tool used in this study also revealed that the tweets 
posted on Twitter using the selected energy-related hashtags 
do not spur engagement among users as per the (absence of) 
likes and comments on them (except for a few exceptions – e.g., 
when the tweet is posted by an influential user, such as the 
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Figur� 3. Popul�rity scor� of th� s�l�ct�d �n�rgy-r�l�t�d h�sht�gs on T�itt�r b�t���n Oct-D�c 2021.

Figur� 4. Popul�rity scor� of th� topmost popul�r h�sht�gs on T�itt�r b�t���n Oct-D�c 2021.
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celebrity Leonardo DiCaprio using the hashtags #cleanenergy 
and #energytransition).

Furthermore, in the case of the most popular hashtag on  
Twitter during the 8-week analysis period (i.e., #JusticeFor-
RailwayStudents), its popularity score can be justified by a 
coordinated Twitter campaign ran by Indian students who 
demanded the Railway Recruitment Boards (i.e., a State-run 
transportation institution) new vacancies and a fair and timely 
recruitment process – making it the top trend with over three  
million tweets28.

It can therefore be concluded that the role of social media (at 
least as pertaining to Twitter) on energy citizenship is yet to be 
exploited to its full potential, and it requires: (i) efforts to attract 
and incentivise different typologies of energy citizens to use 
social media for consuming and disseminating energy-related 
information and consequently spur energy citizenship; and 
(ii) formulating a coordinated and coherent response strategy for 
the dissemination of energy-related information.

5 Discussion �nd conclusionDiscussion �nd conclusion
This study aimed at understanding the impact of the digitalisa-
tion of energy systems and social media on the emergence and 
consolidation of energy citizenship, considering for this two 
intertwined perspectives: (i) energy informatics – which refers to 
the potential of ICT to transform energy data and energy-related 
information into knowledge that people use every day; and 
(ii) energy literacy – which refers to the ability to make sense 
of the energy data and energy-related information in improved 
decision-making processes. The broad literature research points 
out that energy literacy and energy informatics can positively 
impact sustainable energy-related behaviours, but there are 
still open questions about what information to be used and 
when, how it should be presented to different stakeholders, and 
how this relates to individual or collective energy literacies. 
To answer those open questions, three different methodologies 
were devised: (i) structured interviews with five GRETA case 
studies; (ii) topic detection on those interviews; (iii) and social 
media content analysis with a focus on Twitter.

The analysis of the structured interviews allowed to uncover 
three categories of information that are useful in engaging 
citizens in energy citizenship – i.e., information on why the 
energy transition is important, what actions can be taken to 
engage energy citizens in the decarbonisation of energy systems,  
and how citizens can get involved. The analysis of the struc-
tured interviews guided he development of two different meth-
odologies to uncover the impact of digitalisation and social 
media on the emergence and consolidation of energy citizen-
ship – i.e., the topic detection exercise and the social media  
content analysis.

Regarding the topic detection exercise on the structured inter-
views, different gaps and good practices on the current way that 
energy information is presented and represented among the five 
GRETA case studies were identified. The main gap-oriented 
topics uncovered were: (i) the need for ease-of-use, intuitive  

presentation/visualisation of energy information; and (ii) the  
need for simplification of complex/overly technical informa-
tion. On the other hand, the main good practice-oriented top-
ics uncovered was the humanisation of processes / spur social 
value generation. It is important to point out that these top-
ics were transversal to different case studies – thus representing 
a common thread binding them regardless their contrasting  
configurations. These results showcase a potential effect 
on the affective dimensions of energy literacy, such as they 
relate to people’s attitudes and values. Not only that, but these  
gap-oriented and good practice-oriented topics could be trans-
lated into embedded social mechanisms in the design of fron-
tend energy-related digital platforms for improved end-user 
interactions and energy citizenship. Hence, it can be concluded 
that the optimal design of energy-related digital platforms 
must start addressing qualitative, subjective constructs, such as  
emotions, affections, and feelings (i.e., the warming up of rea-
son) in fostering energy citizenship, thus surpassing formal  
boundaries of techno-economic constructs.

Those reasonings align well with the proposed link made earlier 
between energy informatics and energy citizenship via energy 
literacy, since it considers not just the cognitive but also the 
affective aspects of energy literacy and their relation to energy 
informatics and energy citizenship and action. However, 
in view of time constraints, a caveat of this exercise relates 
to the fact that interviews were conducted with case study  
representatives (i.e., GRETA’s consortium partners) that offered 
insights on the end-users’ perspectives of their respective 
case studies, rather than directly with end-users per se (i.e.,  
GRETA’s external stakeholders). Hence, other gaps and good 
practices than those highlighted in this study might had been 
uncovered in case end-users from each case study were the  
primary subject of the topic detection exercise.

Finally, with regards to social media (at least as pertaining to 
Twitter) as a tool for energy citizenship, it was identified that in 
addition to concerns about it potentially spreading misinfor-
mation, its impact on energy-related topics is not as strong as it 
could be. Hence, for it to be exploited to its full potential, it still 
requires: (i) efforts on the part of all stakeholders to use social 
media for disseminating energy information that aids towards 
energy citizenship; and (ii) the formulation of a coordinated 
and coherent response strategy for dissemination of energy-
related content. However, the limitations presented by this 
method relate to the fact that it performed a global analysis of 
the Twitter hashtags, hence particular inferences about the five 
case studies were not made. Also, other social media were not 
considered in this study.

Ethics �nd cons�nt
Ethical approval was not required for this study, as the inter-
viewees were partners of the GRETA consortium responsible for 
managing the case studies rather than external stakeholders per 
se (i.e., case study participants). As per the Grant Agreement No. 
1011022317, the GRETA project activities include stakeholder 
engagement, data management, and result dissemination 
that is conducted in accordance with pertinent national and  
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European regulations as well as Horizon 2020 recommendations 
and guidelines related to ethics and responsible research and 
innovation. The project partners involved with end-users are well 
trained and have considerable expertise in dealing with research 
involving people. Moreover, the project Executive Committee 
(E-COM) is responsible for guaranteeing that all the consor-
tium members abide to lawful and ethical procedures during  
the development of the project. Verbal consent was obtained, 
and this was due to the participants being part of the GRETA 
consortium, which is in line with European regulations as well 
as Horizon 2020 recommendations and guidelines related to  
ethics and responsible research and innovation.

D�t� ���il�bility
Underlying data
As per the Grant Agreement No. 101022317, the GRETA 
project participates in the Open Research Data Pilot (ORDP) 
initiative and provides open access to research data and sci-
entific publications whenever possible. Moreover, the Zenodo 
repository is used to ensure the maximum dissemination of the 

generated information within the project. However, the GRETA 
Data Management Plan (Deliverable D8.5) lists the follow-
ing data sharing restrictions: (i) access to data and reports will 
be limited to members of the GRETA project until publica-
tions and presentations are submitted; (ii) some data and reports 
may be held back temporarily until the results are reviewed and 
validated by the appropriate intellectual property office at 
Lappeenranta-Lahti University of Technology (LUT) (GRETA’s 
project coordinator) or the partner institutions; (iii) some data 
might not be made available if deemed sensitive personal infor-
mation by the supervising committee; (iv) proprietary informa-
tion (if any) provided by commercial firms under a confidentiality 
agreement will not be made available without the consent and 
approval of the firms (Landeck J. A., 2021). Hence, in view 
of sensitive personal data concerns, the transcript of the inter-
view data will not be shared publicly. If readers of this article 
wish to review the raw data, please contact the corresponding 
author Lurian Klein (lklein@cleanwatts.energy). Access to this 
data is subject to approval and may be granted only if strictly 
and adequately necessary for the replication of this study for 
which the data was processed.

R�f�r�nc�s

1.  European Commission: Soci�l Sci�nc�s �nd Hum�niti�s (SSH) �sp�cts of th� 
Cl��n-En�rgy Tr�nsition. 2018.  
R�f�r�nc� Sourc�

2.  United Nations, Framework Convention on Climate Change: Adoption of th� 
P�ris Agr��m�nt. 21st Conference of the Parties, Paris: United Nations. AN 
OFFICIAL PUBLICATION, 2015.  
R�f�r�nc� Sourc�

3.  Tavares AO, Areia NP, Mellett S, et al.: Th� Europ��n M�di� Portr�y�l of 
Clim�t� Ch�ng�: Implic�tions for th� Soci�l Mobiliz�tion to��rds Clim�t� 
Action. Sustainability. 2020; 12(20): 8300.  
Publish�r Full T�xt 

4.  Ryghaug M, Skjølsvold TM, Heidenreich S: Cr��ting �n�rgy citiz�nship 
through m�t�ri�l p�rticip�tion. Soc Stud Sci. 2018; 48(2): 283–303.  
PubM�d Abstr�ct | Publish�r Full T�xt | Fr�� Full T�xt 

5.  IEA (International Energy Agency): Digit�liz�tion & En�rgy. IEA Publications, 
2017.  
R�f�r�nc� Sourc�

6.  Foster D, Lawson S, Blythe M, et al.: W�ttsup? Moti��ting r�ductions in 
dom�stic �n�rgy consumption using soci�l n�t�orks. In: Proceedings of 
the 6th Nordic conference on human-computer interaction: extending boundaries. 
2010; 178–187.  
Publish�r Full T�xt 

7.  Loureiro ML, Alló M: S�nsing clim�t� ch�ng� �nd �n�rgy issu�s: S�ntim�nt 
�nd �motion �n�lysis �ith soci�l m�di� in th� UK �nd Sp�in. Energy Policy. 
2020; 143: 111490.  
Publish�r Full T�xt 

8.  Garcia-Rudolph A, Laxe S, Saurí J, et al.: Strok� Sur�i�ors on T�itt�r: 
S�ntim�nt �nd Topic An�lysis From � G�nd�r P�rsp�cti��. J Med Internet Res. 
2019; 21(8): e14077.  
PubM�d Abstr�ct | Publish�r Full T�xt | Fr�� Full T�xt 

9.  Watson RT, Boudreau MC, Chen AJ: Inform�tion syst�ms �nd 
�n�ironm�nt�lly sust�in�bl� d���lopm�nt: �n�rgy inform�tics �nd n�� 
dir�ctions for th� IS community. MIS quarterly. 2010; 34(1) 23–38.  
Publish�r Full T�xt 

10.  Goebel C, Jacobsen HA, Del Razo V, et al.: En�rgy inform�tics. Bus Inf Syst Eng. 
2014; 6(1): 25–31.  
Publish�r Full T�xt 

11.  Yim D: T�l� of T�o Gr��n Communiti�s: En�rgy Inform�tics �nd Soci�l 
Comp�tition on En�rgy Cons�r��tion B�h��ior. AMCIS 2011 Proceedings - All 
Submissions. 2011; 475.  
R�f�r�nc� Sourc�

12.  Indiana University – Purdue University Indianapolis (IUPUI): Wh�t is 
Inform�tics? 2022.  
R�f�r�nc� Sourc�

13.  Dao V, Langella I, Carbo J: From gr��n to sust�in�bility: Inform�tion 
T�chnology �nd �n int�gr�t�d sust�in�bility fr�m��ork. J Strateg Inf Syst. 
2011; 20(1): 63–79.  
Publish�r Full T�xt 

14.  Wilhite H, Ling R: M��sur�d �n�rgy s��ings from � mor� inform�ti�� �n�rgy 
bill. Energy Build. 1995; 22(2): 145–155.  
Publish�r Full T�xt 

15.  U.S. Department of Energy: En�rgy �it�r�cy: Ess�nti�l Principl�s �nd 
Fund�m�nt�l Conc�pts for En�rgy Educ�tion. Washington, DC. 2017. 
R�f�r�nc� Sourc�

16.  Martins A, Madaleno M, Dias MF: En�rgy lit�r�cy: Wh�t is out th�r� to kno�? 
Energy Rep. 2020; 6(Supplement 1): 454–459.  
Publish�r Full T�xt 

17.  DeWaters JE, Powers SE: En�rgy lit�r�cy of s�cond�ry stud�nts in N�� York 
State (USA): A measure of knowledge, affect, and behavior. Energy Policy. 
2011; 39(3): 1699–1710.  
Publish�r Full T�xt 

18.  Comeau LA, Parkins JR, Stedman RC, et al.: Citiz�n p�rsp�cti��s on �n�rgy 
issu�s in C�n�d�: A n�tion�l sur��y of �n�rgy lit�r�cy �nd �n�rgy 
citiz�nship (No. 1528-2016-131949). 2015.  
Publish�r Full T�xt 

19.  Rashidi MN, Begum RA, Mokhtar M, et al.: Th� conduct of structur�d 
int�r�i��s �s r�s��rch impl�m�nt�tion m�thod. J Adv Res. 2014; 1(1): 28–34. 
R�f�r�nc� Sourc�

20.  Hove SE, Anda B: Exp�ri�nc�s from conducting s�mi-structur�d int�r�i��s 
in �mpiric�l soft��r� �ngin��ring r�s��rch. In: 11th IEEE International 
Software Metrics Symposium (METRICS’05). IEEE, 2005; 10.  
Publish�r Full T�xt 

21.  Opdenakker R: Ad��nt�g�s �nd dis�d��nt�g�s of four int�r�i�� t�chniqu�s 
in qu�lit�ti�� r�s��rch. In: Forum qualitative sozialforschung/forum: Qualitative 

Page 14 of 25

Open Research Europe 2023, 3:6 Last updated: 28 JUN 2023

mailto:lklein@cleanwatts.energy
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/lc-sc3-cc-1-2018-2019-2020
https://unfccc.int/resource/docs/2015/cop21/eng/l09r01.pdf
http://dx.doi.org/10.3390/su12208300
http://www.ncbi.nlm.nih.gov/pubmed/29648504
http://dx.doi.org/10.1177/0306312718770286
http://www.ncbi.nlm.nih.gov/pmc/articles/5977452
https://iea.blob.core.windows.net/assets/b1e6600c-4e40-4d9c-809d-1d1724c763d5/DigitalizationandEnergy3.pdf
http://dx.doi.org/10.1145/1868914.1868938
http://dx.doi.org/10.1016/j.enpol.2020.111490
http://www.ncbi.nlm.nih.gov/pubmed/31452514
http://dx.doi.org/10.2196/14077
http://www.ncbi.nlm.nih.gov/pmc/articles/6732975
http://dx.doi.org/10.2307/20721413
http://dx.doi.org/10.1007/s12599-013-0304-2
http://aisel.aisnet.org/amcis2011_submissions/475
https://soic.iupui.edu/what-is-informatics/
http://dx.doi.org/10.1016/j.jsis.2011.01.002
http://dx.doi.org/10.1016/0378-7788(94)00912-4
http://www.globalchange.gov
http://dx.doi.org/10.1016/j.egyr.2019.09.007
http://dx.doi.org/10.1016/j.enpol.2010.12.049
http://dx.doi.org/10.7939/r3-w0q9-vg29
https://www.akademiabaru.com/doc/ARDV1_N1_P28_34.pdf
http://dx.doi.org/10.1109/METRICS.2005.24


social research.2006; 7(4).  
Publish�r Full T�xt 

22.  Allan J: Introduction to Topic D�t�ction �nd Tr�cking. Springer US, Boston, 
MA, 2002; 12: 1–16.  
Publish�r Full T�xt 

23.  Klein LP, Allegretti G, Hes D, et al.: R����ling soci�l ��lu�s in th� cont�xt 
of p��r-to-p��r �n�rgy sh�ring: A m�thodologic�l �ppro�ch. Sustainable 
Futures. 2021; 3: 100043.  
Publish�r Full T�xt 

24.  Podger D, Velasco I, Luna CA, et al.: Can values be measured? Significant 
contributions from � sm�ll ci�il soci�ty org�niz�tion through �ction 
r�s��rch. Action Res. 2012; 11(1): 8–30.  
Publish�r Full T�xt 

25.  Foster D, Lawson S, Blythe M, et al.: W�ttsup? Moti��ting r�ductions in 

dom�stic �n�rgy consumption using soci�l n�t�orks. In: Proceedings of 
the 6th Nordic conference on human-computer interaction: extending boundaries. 
2010; 178–187.  
Publish�r Full T�xt 

26.  Correa T, Hinsley AW, De Zuniga HG: Who int�r�cts on th� W�b?: Th� 
int�rs�ction of us�rs’ p�rson�lity �nd soci�l m�di� us�. Comput Hum Behav. 
2010; 26(2): 247–253.  
Publish�r Full T�xt 

27.  McCambridge J, Witton J, Elbourne DR: Syst�m�tic r��i�� of th� H��thorn� 
effect: new concepts are needed to study research participation effects. J 
Clin Epidemiol. 2014; 67(3): 267–77.  
PubM�d Abstr�ct | Publish�r Full T�xt | Fr�� Full T�xt 

28.  Ground Report: Why �r� R�il��y Stud�nts D�m�nding Justic�? 2021. 
R�f�r�nc� Sourc�

Page 15 of 25

Open Research Europe 2023, 3:6 Last updated: 28 JUN 2023

http://dx.doi.org/10.17169/fqs-7.4.175
http://dx.doi.org/10.1007/978-1-4615-0933-2_1
http://dx.doi.org/10.1016/j.sftr.2021.100043
http://dx.doi.org/10.1177/1476750312467833
http://dx.doi.org/10.1145/1868914.1868938
http://dx.doi.org/10.1016/j.chb.2009.09.003
http://www.ncbi.nlm.nih.gov/pubmed/24275499
http://dx.doi.org/10.1016/j.jclinepi.2013.08.015
http://www.ncbi.nlm.nih.gov/pmc/articles/3969247
https://groundreport.in/why-are-railway-students-demanding-justice/


Open Peer Review
Current Peer Review Status:     

Version 1

Reviewer Report 28 June 2023

https://doi.org/10.21956/openreseurope.16509.r32339

© 2023 Silvast A. This is an open access peer review report distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.

Antti Silvast   
Department of Technology, Management and Economics, Technical University of Denmark, 
Lyngby, Denmark 

The paper “Understanding the role of digitalization and social media on energy citizenship” 
examines the link between energy informatics and energy citizenship and focuses on three issues: 
energy literacy, the cognitive and affective aspects of energy literacy, and the relation of these to 
behaviour and action. The topics chosen could not be more timely as energy transitions continue 
and digitalisation is a topic of several high-level policy programs, research and development 
projects, and expert discourse, including in the EU and internationally.  
 
I wholly support the starting points of the manuscript: increased understanding is needed of how 
digital infrastructures shape energy citizenship and how the increasing availability of data and 
information about energy systems depends on citizen activities in turn.  
 
There are several positive contributions from this research. It cites some of the current literature 
and contains a well-elaborated study design in qualitative interviewing and analysis of social 
media. Sufficient details of the methods employed are included, including how they were tailored 
to the data gathering and analysis needs.  
 
However, I have two main concerns about this work and would like to discuss whether the 
definition of “digitalisation” and “energy citizenship” respectively are wide enough for the task at 
hand.  
 
First, the paper understands digitalisation as “the application of Information and Communication 
Technologies (ICT) across the economy to deliver new services, revenue streams, or value-
producing opportunities” (p.3). On the one way, the concern is hence with the increasing 
application of ICTs, but this concern is not particularly novel in organisations and is not exclusively 
used, as also new services and values are mentioned. But this distinction between adding more 
ICTs and whole new value propositions for energy services could be sharpened, as the results 
clearly attend to both - e.g. adding ICTs via smart meters on p. 7 vs. the wider design-related 
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considerations on p.10.   
 
Second, and perhaps more pertinently, the paper clearly links citizenship with activity, 
involvement, and interest, but in quite a particular manner. It defines energy citizens as “active, 
involved, and interested participants in the clean energy transition and the decarbonisation of 
energy systems” (p.3). This designation shapes the study design, the findings, and how they are 
interpreted.  
 
There is some consideration of “misinformation” (p.9) but I feel that many more thoroughgoing 
issues are not attended to. Should opposing the energy transition still be counted as part of 
energy citizenship and when outside of it? What is the relationship between energy democracy 
and energy citizenship - and what about citizens that are not supportive of democratic structures? 
While many commentators directly link citizen engagement and energy citizenship positively, an 
explanatory model such as yours should focus ‘symmetrically’ on engagement as well as 
opposition. Empirical cases (see review in Silvast & Valkenburg, 20231) show that both support and 
opposition usually appear: including protesting and petitioning against developers and public 
authorities. These relations between support and opposition are not static and fixed once and for 
all but alternate during energy projects.  
 
I would be curious to hear more about how you might understand opposition, if at all, using the 
study design and materials and whether it came across in the findings. 
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Alexandra Revez  
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The paper proposes a link between energy informatics and energy citizenship via energy literacy. 
The purpose is to understand how the use of energy-related information and social media can be 
channeled to promote energy citizenship. The paper draws on five different case-studies from the 
GRETA project and data collection includes structured interviews and social media content 
analysis. 
 
It considers the impact of the digitalization processes, namely the potential of ICT to transform 
energy data and energy related information and energy literacy to consolidate energy citizenship. 
The premise of the paper is interesting and relevant and would gain some attention in the fields of 
energy transitions, energy democracy and energy policy. I find particularly engaging and 
interesting the sharing of empirical evidence.   
However, I feel the literature review would be more impactful if the authors provided a more 
critical reading of existing literature. This refers to indicating some of the known problems 
associated with social media and climate/energy communications. For instance, the fact that the 
mass media reproduction of images and the excessive and overwhelming rate at which 
information is consumed, replicated and shared online has undermined our ability to reach out to 
each other in meaningful ways. Also, how these circulations and their use and manipulation by 
several stakeholders can also spark subversion and caricature, which often feed into narratives of 
climate denial; see for instance.

Luke (20151).○

O’Neill (20202).○

I would recommend addressing this gap by including some more critical insights into barriers and 
problems associated with digitalization and use of social media to foster energy citizenship. Also, 
some consideration of the dominance of the knowledge-deficit approach to citizen engagement 
would be fruitful. This speaks of the problem of narrowing citizen engagement with energy to 
issues focused on lack of knowledge, capacity or motivation. This approach assumes that public 
disinterest or dissent is due to a deficit in public understanding, and largely dismisses alternative 
framings and held values. Your framework is perhaps a way to go beyond this narrow framing and 
it would be valuable to highlight this. 
 
See work by: Chilvers and Pallett (20183). 
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In terms of Research Design, the paper appears well structured and grounded on engaging 
and relevant information. I also think the conclusion section could develop some 
recommendations for further research in light of these findings and the limitations outlined. 
 
Some additional minor points:

The 1st paragraph in the Introduction section that is giving a brief description of the GRETA 
project is in my opinion more suitably placed in the Case-study description section below.

○
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This paper argues that there is a link between energy informatics and energy citizenship via 
energy literacy. It uses several different methods: structured interviews, topic modeling, and social 
media content analysis. This paper has some fundamental problems such as the lack of research 
question and/or hypotheses, and it will need to be substantially revised in order for it to be 
indexed. 
 
1. Introduction: 
2nd paragraph: I disagree with the authors’ definition of energy citizenship. Energy citizenship is 
much broader than dealing with climate change, but it is the idea of having citizen led, publicly 
discussed energy systems that leads to a more democratic process. 
 
3rd paragraph: I again disagree with the author’s definition of digitalization. Digitalization does not 
just focus on economy revenue, and value-producing. It is a socio-political and technological 
process. 
 
4th paragraph: the authors need a better justification as to why they are focusing on social media 
when there are other means that leads to energy citizenship that has been suggested to be much 
more powerful such as community meetings and civil society organizations. Twitter might be a 
rich source for sentimental analysis, but is it a good enough source for energy citizenship? What 
kind of studies have used Twitter to show its link with energy citizenship? References are lacking 
and the discussions carried out in this paragraph are not in depth. 
 
5th paragraph: Based on my comments above, I do not see enough evidence to suggest that the 
energy domain and social media are strongly linked. This is not to say that I am not open to the 
idea, I just need better formed arguments with more references. 
 
1.1. Case study description: 
I really like Figure 1. I think it is great that the authors are developing such a theory. Based on 
Figure 1, it would be helpful if the authors can identify when energy citizenship starts – does it 
start at the aware stage or the involved stage? The reason why I ask this is because studies have 
shown that energy citizenship tends to be locally based (e.g., people living close to wind turbines 
protesting against the noise, NYMBYism etc.). Then how would a platform as global as Twitter help 
with the analysis? Does mentioning energy justice on Twitter a form of energy citizenship (is this a 
form of the involved stage or the active stage?) or does energy citizenship specifically require 
some kind of actual action such as protesting (which would be the advocate stage, I assume)? 
 
I also ask the authors to justify why these case studies are chosen. 
 
2. Literature Review: 
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The authors do not propose a research question or hypotheses. This is a serious problem that 
must be addressed. 
 
3. Methods: 
The authors do not justify why they have chosen such methods. Choosing structured interviews is 
quite rare – it pretty much resembles questionnaires but tend to take longer and be more 
expensive to do. Therefore, why did they decide to do structured interviews instead of semi-
structured or even unstructured? Why is structured interview a good method for this paper? 
 
The authors write that they conducted three methods in their abstract: structured interviews, topic 
modeling, and social media content analysis. This is not quite correct – the authors have collected 
data using two different methods: structured interviews and social media. And then analyzed the 
data using topic modeling and content analysis. 
 
The authors need to justify why they decided to use topic modeling. The structured interview 
questions were quite open ended, and by choosing topic modeling, the authors are losing the 
richness of data. So, what are the authors getting from the 5 study sites that they are not getting 
from the Twitter data? Why did they choose to do topic modeling for structured interview data 
when so much more sample is already available from Twitter, and its data uses a similar text-
based analysis – content analysis? 
 
The authors should also justify why they are using Twitter. I do not think referencing the IEA helps 
here. I did a quick search and the reference that the authors provide does not mention Twitter – 
so the authors are using an incorrect reference, which needs to be rectified. But other than that, 
the goal of the IEA report is different from an academic paper. The IEA report is to discuss new 
ideas without original empirical data and to give brief summaries. The authors are writing an 
original academic article. 
 
The authors also need to justify why they are using content analysis. 
 
The authors write that lots of people did not use social media in their 5 study sites, so the authors 
decided to use global Twitter data instead. This raises two questions: (1) if people are not using 
social media very much in those 5 study sites and because of the low number of social media use, 
the authors had to substantially increase the sample, then how valid is this study? (2) the authors 
conduct the structured interviews in the 5 study sites and conducts a content analysis for all 
Twitter users. What is the goal of this study (this question goes back to the lack of research 
question/hypotheses)? How do the authors view the generalizability of this study? I can see two 
options: (1) the authors can delete the social media section, which I don’t think adds too much to 
the analysis and use both content analysis and discourse analysis for the interview data or, (2) the 
authors can start with the Twitter data and use the five sites as case studies. Then we get the 
broader scope and the general trend as well as the richness of the text data from structured 
interviews. 
 
4. Findings: 
The authors provide no descriptive statistics. 
The authors are also using discourse analysis (i.e., quoting interviews) in the findings section, 
which is not mentioned in the methods section. 
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The authors need to label the y axis on Figure 3. 
 
I am wondering whether using an online tool to pull Twitter data and copying and pasting the 
tables and figures is good enough for an original academic paper. From what I can see, the merit 
of this paper is the richness of the interviews. 
 
The discussion in the findings section is not supported by the findings shown (the last paragraph 
of 4.3.). 
 
5. Discussion and conclusion: 
Because of the lack of the research question and hypotheses, I do find this section rather 
confusing. Nevertheless, the section is missing two important parts: (1) the contribution of the 
paper, and (2) how the findings expand and add to the existing theories that are discussed in the 
literature review. 
 
Minor: 
The findings section starts with 4.2., not 4.1.
 
Is the work clearly and accurately presented and does it engage with the current literature?
No

Is the study design appropriate and is the work technically sound?
No

Are sufficient details of methods and analysis provided to allow replication by others?
No

Are all the source data and materials underlying the results available?
No

If applicable, is the statistical analysis and its interpretation appropriate?
No

Are the conclusions drawn adequately supported by the results?
No
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I enjoyed reading this article and find it a very relevant paper, with an original research topic, 
which can contribute to current research on energy citizenship, energy literacy, and energy 
informatics. I think however the article could be further improved and offer some suggestions to 
the authors.  
 
First, in the introduction, the article refers in the first paragraph to a key question posed in the call 
that the project leading to this research/article responded to. I find it could be more relevant to 
instead frame from a perspective of current literature, the relevance of looking into the 
intersection of digitalisation and energy citizenship, and how there is still a gap in the literature, 
which would offer a stronger entry point/framing for the article. 
Next, in the introduction, energy citizenship is defined by citing the definition of the GRETA project 
(a reference should also be provided), yet this is likewise the definition of the article, so it could be 
stated that energy citizenship is defined in this article as" given definition" (including references 
that back up this definition, which could be also references of the GRETA project). 
 
Also, in this section, and related to the above comment, energy citizenship is presented by the 
authors as being 'transformative' - again it would be relevant to refer to published evidence that 
backs this statement - what is this transformative nature? What evidence in the literature backs 
this statement? 
 
The research question could be more explicitly presented in the introduction. As it is now, the 
article states (in the last three paragraphs of the introduction), that it will look at 'how 
digitalisation and social media might impact the emergence and effectiveness of energy 
citizenship from an energy informatics and energy literacy perspective – i.e., how data and 
information derived from digitalisation and social media can support more educated energy-
related decision-making processes and consequently spur energy citizenship." - The last sentence 
seems to be the guiding research question for the article, I suggest this is explicitly stated.  
In the case study description (section 1.1), I find the reference to a survey that was done in the 
context of GRETA project is of little relevance to this specific article. 
Instead, I would rather have a bit more information on the case studies, namely: why were the 
specific case studies selected for the purposes of this article's study? What were the criteria for 
their selection? How can they contribute to addressing the research question?   
As it is now, the only sentence hinting at why the case studies are chosen is "The different nature 
of the selected case studies was purposefully conceived to provide the GRETA project with a wide 
plethora of ways in which energy citizenship can best emerge." - which is a bit vague and does not 
tell us much about why the case studies are relevant to the particular research question of the 
article.  
 
Regarding section 2 (literature review), the review part on energy informatics is quite good. 
However, the bit on energy citizenship, which tells us about what the paper proposes to look at 
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(i.e., the perspective of non-material participation) is based on a critique of the material 
participation approach of Ryghaugh et al. but does not in rigor provide a literature review on the 
topic. Also, Ryghaugh and colleagues draw on a practice theory approach, which understands 
practices as relational and embedded in materials but also competencies, therefore, it is not 
straightforward to argue that their approach would not consider that e.g. advising a neighbor on 
the installation of PV panels, would not be an energy citizenship practice. This part of the literature 
review section should be further improved with a more elaborated review of existing literature on 
energy citizenship, thus offering a more robust conceptual background for the study.  
 
By comparison, the literature review part on energy informatics and energy literacy is very good. 
 
In this section, the meaning of the following sentence is unclear: "In this regard, research on what 
kind of energy-related information is relevant to spur energy citizenship and actions among 
energy citizens has been identified as a strategic approach to achieve that". 
There are some minor English language and typo issues here and there, so the article should be 
carefully revised in this scope.  
 
Concerning the methods, section 3, I have also a few minor notes: 
How many interviews were conducted? It is written that interviews were conducted with the five 
case studies - are these five interviews? 
Topic modeling usually refers to the integration of computational tools when performing topic 
detection as it implies a modeling/use of an algorithm and a logic to it - so it would be more 
accurate to simply refer to topic detection (the abstract refers to topic modeling).  
 
The results are clear (would only review the use of the English language here).  
 
The discussion and conclusion section is also clear, however, it could be further streamlined to 
specifically address the research question driving the article, which could further strengthen the 
conclusions.  
 
Overall, I find the article very interesting and relevant and hope the suggestions provided help to 
further improve this work.  
 
Is the work clearly and accurately presented and does it engage with the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

Are all the source data and materials underlying the results available?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Not applicable
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Are the conclusions drawn adequately supported by the results?
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