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A B S T R A C T   

The enhancement and the understanding of the societal dynamics in the energy systems within transition entails 
the inclusion of innovative policy and research strategies. This inclusion raises several questions that change 
profoundly the nature of the research and innovation endeavour, questions that have not been sufficiently 
explored in the literature. These questions are, among others, the complexities an scope of socio-technical 
integration or the emergence of new roles and patterns such as user-inspired innovations or community in-
novations. Based on the assumptions of the responsible-based approaches advocating to energy system actors to 
collaborate sharing responsibility and the benefits that perspectives integration brings in the development of 
proactive and archivable energy and climate policies, this study analyses a group of researchers within the field 
of thermal energy storage (TES) for renewable energy applications, for the purpose of evaluating their perception 
regarding to the inclusion of alternative policy proposals and collaborative research strategies. The proposed 
methodology was based on the use of the common theoretical backgrounds of socio-technical transition for the 
construction of an responsibility-based approach and the proposal of a survey tool for gathering the empirical 
evidence from researchers opinions. The survey data was collected from a representative group of researchers (33 
countries, 215 targeted researches completing the surveys at 31% with a final N = 72). Findings shows will-
ingness to include citizens as beneficiaries but not as participants of research decisions, the prevalence of the use 
of social sciences to increase the acceptance of technology and remarkable unawareness regarding collaborative 
research strategies. This paper brings an important contribution for the selected researchers that can be 
extrapolate to other energy communities since illuminates the possibility of adapting and asses TES to include 
new patterns and new governance strategies based in RRI.   

1. Introduction and scope 

Modern economic growth generated by a collection of socio- 
technical systems despite of having led to an important improvement 
in life expectancy and material welfare, are unsustainable in terms of 
resource and energy intensity and offers limited response to solve 
persistent problems of societies such as economic crises and rising 
inequality [1]. In this vein, while available science and technology 
policy approaches remain relevant, they often offer little guidance for 
managing the consequences and the inertias of these socio-technical 
systems and are not relevant when it comes to designing policies 
dealing with issues such as climate change, transformations of societies 
and the inequities [1]. In order to palliate this, governments have 

recognized the need to align better social and environmental challenges 
with innovation objectives. To achieve this, a series of alternative frames 
deeply linked to contemporary social and environmental challenges 
have been released. Some of these frameworks are, for example, the 
United Nations Sustainable Development Goals (SDG) [2,3] and Euro-
pean Commission Responsible Research and Innovation (RRI) strategy 
[4–6] which share the call to address social and environmental problems 
through socio-technical integration, the use of collaborative research 
strategies and the vision of considering participatory, inclusive, 
responsible and open roadmaps. The missions of these policy approaches 
are, for example in the case of SDG, ending the poverty and reducing 
inequality in all its forms everywhere, promoting inclusive and sus-
tainable consumption and production systems, and confronting climate 
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change. In contrast, in the case of RRI, the endeavours are related with 
questioning how to use science and technology research and policy for 
meeting social needs and addressing the issues of sustainable and in-
clusive societies in a more fundamental level taking into account that 
innovation spans the entire process from scientific discovery to uti-
lisation [7–9]. 

While these global goals proposals and international and national 
initiatives are not policy prescriptive, their recommendations are 
driving and transforming research and innovation policies and also the 
systems actors endeavours. In addition, the integration of responsibility 
and sustainability as attributes of socio-technical systems for the sub-
mission to a social dynamics, benefits all actors, allowing achieving 
fairness in distribution and opportunity, and adequate provision of so-
cial services as well as political accountability and participation in all 
the spheres [10]. Some examples of the prescriptions are related with 
emphasizing that technologies should pursue the acceptability of the 
citizens by embedding societal expectations and visions in their devel-
opment in terms of achieving responsibility [11], while others examples 
are characterized for boarding the exiting goals and drivers as in the case 
of innovations that they should pursue the endeavour of sustainability, 
which adopts a broader profile beyond systems sustainability embracing 
elements such as social sustainability and resilience [12,13]. 

The inclusion of alternative approaches in policy, not only raises 
several questions but changes profoundly the nature of the innovation 
system actors endeavours. The consequences of an adoption are related 
with the transformation of innovations, regardless the discipline 
considered, since they necessarily must underwrite labels not considered 
hitherto.RRI as a concept, approach or research and innovation policy 
[14] can be located within the socio-technical transition approaches and 
holistic perspectives of innovation. From transition approaches, RRI 
converge within the idea of arranging changes that can be understood as 
socio-technical. In contrast, its insights regarding holistic perspectives 
are related with translation the scope of action from the supply factors to 
the demand ones [15] and by the adoption of collaborative research 
strategies and co-production of knowledge at research level. RRI orbits 
primarily around the concept of governance as the process of attempting 
to shift science and innovation systems from a narrow focus on inno-
vation and move towards democratically defined societal challenges and 
needs, bridging social and scientific and technological domains, and 
balance what is possible and what is desirable [16,17]. 

In its endeavour of being considered a normative and comprehensive 
governance framework for research and innovation, the governance 
efforts are embedded in three aspects: the search of governance which 
comprises development of keys and the consideration of ethical aspects 
and societal needs in the research process, the statement of research 
agendas comprising social innovation and the adaptation of the science, 
technology and innovation (STI) impacts measurement systems to avoid 
linear approaches [14]. For this purposes, RRI [4,7,16,19] proposes a 
series of dimensions to connect different aspects of the relationship 
between R&I and society such as public engagement, open access, 
gender equality, science education, ethics, and governance [14] along 
with a series of attributes such as anticipation, reflexion, inclusion, and 
responsiveness [8,16,20] that innovation practices must to fulfil. 
Furthermore, the recommendation for archiving these goals is focussed 
on the development of strategic activities for fostering mentioned di-
mensions, as well as a combination of adapted technology assessments 
techniques, such as foresight, ethical technology assessment, citizens 
consensus conferences, stakeholders advisory boards, co-evolutionary 
approaches and users centred innovation considerations. 

Within the richness of RRI background and linked with socio- 
technical transition approaches, rationales such as the Radical innova-
tion, changes in Techno-economic paradigms or the changes in Technology 
systems co-exists, along with the endeavours such as Technological revo-
lutions approaches [21]. Holistic perspectives of innovation, contribute 
with a problem- and solution-oriented approaches which are being 
frequently used to forecasting environmental, political, and ecological 

problems, based on a systemic design and the process of mapping 
contemporary long-range phenomena, in both the economic and social 
domains. Holistic approaches, introduces in addition the collaborative 
research strategies and co-production of knowledge to allows the inte-
gration of different methodologies and epistemologies [22]. In this vein, 
the archetypes of collaborative research strategies, that is: interdisci-
plinary, multidisciplinary, transdisciplinary and transformative science 
(MITT) are the most commons, differing from issues such as their 
perspective on knowledge assessment, the level and scope of involve-
ment or integration of multiple disciplines and stakeholders into the 
research process, the options of research coordination and governance 
or the place of the research outputs and the options of their purpose. 

Co-production of knowledge, in contrast, entails to elucidate the 
extent to which scientific information meets the needs of the users and 
the process of arrange strategies to achieve it. Despite it seems obvious, 
it is somewhat less common within the research community to collab-
oratively generate scientific research questions with practitioners and 
other stakeholders [23]. Approaches under socio-technical transitions 
share, moreover, the endeavour of addressing complex policy challenges 
by creating spaces of transition with the purpose of transforming general 
policy goals into concrete visions which in turn are used to develop 
possible paths of implementation [24]. These spaces are designed to be 
laddered by stakeholders representatives including society, govern-
ments, industry, NGOs, and knowledge and research institutions. Since 
in the case of energy systems, citizens and communities can play 
increasingly important and even essential roles in technological trans-
formations has in the case of local communities and households pro-
ducing and consuming local energy, as well as producing, consuming 
and storing local energy [25], these spaces of transition are growing in 
importance. These spaces, moreover, allow the partnerships between 
users and citizens engaged with the transformation of the innovation 
processes leading to new user-inspired social innovations boosting the 
technological articulation and innovation to goes on through the use of 
technologies in the community. 

The extent and impact of responsible-based strategies within energy 
research and its alignment with the increasing challenges of trans-
forming and governing energy research and innovation remains 
controversial. On the one hand, regarding research in energy systems, 
scholars that applied responsible approaches to the energy domain are 
few and the reported findings shows an energy systems transformation 
to be not yet influenced by RRI approach when considered globally [14, 
26,27]. On the other hand, the integration of perspectives have been 
successfully implemented in the design of proactive and achievable 
energy and climate policies [28] and energy transitions approaches 
which have mainly been used to analyse past transformations within 
energy innovation, has received increasing attention [29,30] due their 
relevance for the case of the growth of renewable energies importance in 
challenge of transforming and governing energy research and innova-
tion. An example of this actuality can be found in the case of the use of 
Technological revolution approaches applied to the prospect of a renew-
able energy revolution [15]. These revolutions, defined as trans-
formations with major influence in the behaviour of the entire system 
[21], are for example, the changes in the global energy-system based on 
the use of renewables. In addition, since energy systems are deeply 
immersed in social, economic, political and organizational patterns, it is 
well acknowledged that the drivers of these changes should also include 
social, economic, and political aspects, transforming the energy policy 
forecast in a problem of socio-energy system design [31,32]. 

In the prospect of getting inspired by the SDGs and RRI and in the 
attempt of integrate responsible-based approaches in energy research, 
this study provides insights on this, for the case of thermal energy 
storage technologies within renewable energy research based on: 1) a 
literature review of the responsible-based approach imprints and 2) an 
original empirical evidence gathered through an online survey con-
ducted with researchers on TES, aiming to reveal how multiple elements 
influence the energy researchers belief about its integration in their day 
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to day work. The survey was designed based in the literature reported 
burdens that arises when an alternative approaches are considered 
[33–35] and proposes fours levels of action: energy and society, commu-
nication, research, dissemination and outreach, participatory research or 
engaging research, and methodologies and regulatory frameworks. 

This paper enriches the current literature in three significant di-
rections. First, it presents an state-of-the-art of the socio-technical 
integration in energy storage research topic and unravels the diversity 
of drivers that can be shed from any attempt of adoption of a 
responsible-base approaches. Some of them such as the engagement and 
the communication issues have been briefly addressed in storage tech-
nologies literature, for example the engagement of different actors and 
the emergence of new roles such as local communities as a prosumers in 
energy storage within transition approaches [24,31–33] or the 
involvement in the communication process, studied briefly for the case 
of carbon capture and storage CCS technologies [34]. Second, considers 
the social approach of the research process and the researchers per-
ceptions in the spotlight. Given literature was focused on the social 
approach of the technologies, not in the research process and studies on 
perception of alternative policy frames and responsible policies in re-
searchers remain sparse, and towards renewable energy applications 
such as thermal energy storage are non-existent. Third, contributes to 
enlighten the opportunities of this integration applied to storage in 
terms of:1) The possibility of adapting the technology to include the new 
patterns of energy production, consumption and social innovation; 2) 
the option of appraise how of those social patterns would be considered 
users driven innovation, prosumerism or community energy storage and 
3) the consideration of a new governance strategies for these new 
user-inspired innovations, as community energy storage based in RRI. 

This paper is organized as follows. First of all, Section 2 present a 
review of the literature responsible-based insights and reviews the 
questions that raises in the attempt of adapting alternative approaches 
which is going to be the base for building the survey research approach. 
In Section 3 the used methodology is explained. In Section 4, the survey 
results and findings are outlined and discussed. Finally, Section 5 pre-
sents the conclusions and implications of the paper. 

2. Elaborating the research approach 

The selection of storage technologies as a case study in this paper is 
supported since the adaptation of energy storage technologies is a hype 
in the global innovation policy trends world-wide [32–34,36]. In addi-
tion, storage systems are considered a cross-cutting issue in terms of 
energy technology or infrastructure which can be used either to enhance 
the thermal energy output of a renewable energy system, enable a 
greater fraction of the output by the system to be used and allow the 
exploitation of renewable energy systems (RES) [37–39]. In this vein, 
the assumption that a single energy technology cannot emerge as the 
ultimate solution to global energy challenges is supported widely in 
numerous reports describing possible future scenarios of the global en-
ergy systems. In this landscape, technologies such a thermal energy 
storage (TES) are considered essential in the future of a sustainable 
energy system envisions [40–51]. 

These assumptions which depend on many aspects and involve the 
consideration of a large range of topics, require from take into account 
that storage technologies provide value across different portions of the 
energy market (i.e., supply and demand sides) which results in an 
inability to fit into existing regulatory frameworks acknowledging the 
necessity of integrate innovative, multifaced and holistic policy. 

The attempts of integrate alternative policies reported in literature 
can be considered in terms of: i) socio-technical transitions consider-
ations, ii) the integration of prespectives and iii) non-technological 
priorities consideration. These approaches share the acknowledgement 
of the non-linear nature of socio-technical innovations, giving an 
adequate importance to key elements such as actor networks, in-
stitutions, social practices, businesses, as well as socio-economic and 

technological characteristics of the technologies [27]. Moreover, this 
integration raises several questions that will be developed resulting in 
the options for the survey tool arrangement, which are examined in the 
last part of this chapter. 

2.1. Socio-technical integration to storage technologies 

The attempts of considering the socio-technical transitions approach 
applied to storage technologies and research face a number of challenges 
associated with technology lock-in and path dependency resulting from 
poor alignment of the current regulatory regimes governing generation, 
networks and consumption [52]. The found attempts to frame storage 
technologies within socio-technical transitions were based in the uses of 
the technological innovation systems (TIS) theory or systems innovation 
[27] and the co-evolutionary innovation frameworks for energy transi-
tion [29]. TIS is focused on understanding the dynamics of innovation 
based on the performance of the surrounding technological system and 
the key structural elements are actors, institutions, interactions, and 
infrastructures. Its key functions include knowledge development and 
diffusion, market formation, goal formation, resource mobilization, as 
well as entrepreneurial activities assessment. 

Co-evolutionary innovation in contrast, redefines technologies, in-
stitutions, ecological systems, business strategies, and user-practices, 
which co-evolve through mutual causal influences. Co-evolutionary 
innovation frameworks for energy storage evaluate the factors 
affecting its deployment. It states that energy storage innovation must 
therefore look beyond the traditional producer–user relationships, 
setting institutional environment, governance structures, and the will-
ingness of users to engage with new technologies as key factor influ-
encing innovations and the degree to which they are deployed across a 
system, upon cost and performance of technologies [18]. This frame-
work can be considered of the few representatives to by applied in the 
case of research process reformulation. 

In the case of practical applications, socio-technical transition was 
successfully applied to the storage technology in the case of community 
energy approaches as well as sustainability transition research, based in 
the fact that practices are not based on a single discipline but draw 
concepts and insights from multiple disciplines and practices [53]. 

2.2. Integration of perspectives 

Regarding the integration of perspectives, social sciences integration 
have been successfully implemented for urging energy researchers to ask 
what types of politics can make the energy and climate policies 
achievable [28]. Moreover, the integration of STEM disciplines and 
energy related social sciences and humanities (SSH) bring together the 
energy-SSH knowledge available, and create opportunities for 
energy-SSH researchers and users of research such as citizens and 
policy-makers [28,30,54–60]. In the case of the literature on the inclu-
sion of social approaches on storage technologies and the case study of 
thermal energy storage, shows an increasing trends of research papers 
on the topics of renewable energy as well as thermal energy storage 
containing references to social aspects and social approaches. 

Furthermore, the integration of perspectives in term of the use and 
mainstreaming of social sciences approach to technical disciplines, such 
as the use of surveys tools and the use of qualitative methodologies 
employed for the appraisal of interacting energy and climate policies, 
are not only confronted for their use within renewable energy innova-
tion and policy development processes [61], but also provide a 
descriptive explanatory analysis of the often non-quantifiable process in 
policy interactions and the description of the contextual implications 
[62]. 

In this vein, in the attempts to test the responsiveness of energy re-
searchers against evolving societal needs, Sovacool [28] hypothesized 
that the perceived rise in urgency of issues like energy poverty or 
pollution would result in a growing number of papers covering social 
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themes across time. However, suggests that some areas could deepen 
and broaden and encourages that energy researchers may want to 
consider exploring or integrating concepts from the disciplines of gender 
studies, philosophy and ethics, communication studies, geography, so-
cial psychology, cultural anthropology, development studies, gover-
nance, and the sociology/history of technology [28]. 

2.3. Non-technological priorities in TES 

As mention, the analysis to storage technologies contributions to 
renewable generation have been carried out following top-down ‘whole 
systems’ perspectives without taking into account the real-world issues 
affecting the deployment. Examples of this top-down considerations are 
the attempts to improve energy storage technologies for the grid 
application based just on economic and environmental requirements 
such as in the case of increasing the volume to increase the sustainability 
of the materials [27] or the scholars evaluating storage technologies 
within the transition context considering only technological aspects 
[63]. It should be mentioned, in addition that most of these studies 
frame energy storage in the transition of electrical production, contex-
tualizing energy storage technologies for grid applications, mainly 
electrical storage. 

Despite these facts, the relevance of non-technological factors is 
growing within storage technologies approaches. A review of the per-
spectives regarding the storage technologies development [65,67] 
shows that when it comes to consider no-technological priorities, the 
unawareness regarding technologies cross-cutting nature understand-
ing, the necessity of broad the disciplines through an involvement of a 
large range of topics, from thermal energy production to its consump-
tion, including customer relations, networks management and integra-
tion, and the necessity of build close relation with all the stakeholders 
emerges [65]. 

A review of the non-technological priorities according shows that the 
drivers to these issues are the optimization of policy approaches, the 
public awareness and acceptance processes which modulate the re-
lations and integration with stakeholders, the optimization of the 
mechanisms of the transfer of knowledge as well as the education and 
training processes. Regarding to TES technologies, public awareness is 
one of the most considered drivers within non-technological priorities 
since in order to deploy the technologies at large scale, it’s critical to 
raise awareness on the existence and benefits of integrating TES into the 
energy system. Moreover, public awareness is related with the integra-
tion of different disciplines in energy storage study such as social sci-
ences and ICT among others and the development of stronger links with 
current and potential stakeholders form customers and end users. 
Furthermore, is related with behaviour on energy consumption and with 
the process of engage citizens for had a clearer understanding of the 
features and advantages of the new systems and with the opportunities 
of give to the communities the possibility to choose the best energy mix, 
evaluate new installations and adopt the most energy efficient behav-
iour and appropriate tools [65]. In this engagement process is vital the 
consideration of the communication processes for example in the case of 
consider that engagement can be stimulated by implementing social 
network tools (or extending existing ones) for the disseminating of in-
formation about best practices and results obtained by virtuous behav-
iour. In the case of the optimization of the mechanisms of the transfer of 
knowledge as well as he education and training process the standards 
and operation protocols (ISO) are considered as the driver that allows 
the easy updating with technology advancements [65]. 

2.4. Drivers of the integration and survey levels 

The attempt to use responsible-based approaches needs from 
considering the complexities of alternative frameworks integration, as 
mention. In this sense, the most common questions reported in litera-
ture, are among others, the i) the complexity of the socio-technical 

integration in research and energy policies [33–35] ii) the allocation of re-
sponsibilities and new roles of the stakeholders provided by the energy system 
transformation process [27] and the iii) relevance of the communication 
process within transition [64]. 

An overview of the complexities of the policy integration shows that 
since some of the concerns can be underwrite to specific operational or 
policy levels, in the case of energy policy the complex and inter-
connected nature of infrastructures and its public good character along 
with the wide range of actors and institutions – including government, 
regulators, and lobby groups– influence technical and non-technical 
transformations. Moreover, this makes that the majority of the con-
cerns actually transgress the social/technical/operational or policy 
boundaries. For example, in the case of the mismatch between supply 
and demand hindering renewable energies breakthrough which is an 
operational hurdle, it is expected to overcome due to an intermittent 
generation through distributed energy resources and the use of energy 
storage [65]. In this vein, both distributed energy resources and the use 
of energy storage are influenced by technical and non-technical trans-
formations. Furthermore, socio-technical integration requires from a 
clear framing of the policy epistemology in terms of the nature, justifi-
cation and rationality that legitimately places certain specific knowl-
edge demands, ways of knowing on research and evaluation designs 
[66]. 

Regarding the concepts related with the allocation of re-
sponsibilities, mainly arise for example when it comes to evaluate re-
searchers relationship with policy goals. Traditionally, policy outcomes 
are set following a top-down process—initiated by management or 
government— instead of through bottom-up process—initiated by 
research communities themselves [14,67]. In this cases, disaffection and 
convenience of the research and innovation policies prescriptions ap-
pears with researchers concerns related with: the consideration that 
even if they make the effort of focus in policy goals, this is not 
adequately rewarded in the researcher carers; the consideration of pol-
icy sphere interfering in its freedom of individual research activity and 
the autonomy of the research organizations; and convenience matters 
related with the fact that adopting new policy label can be only related 
with be recognized as eligible for funding [67].These questions can be 
occasionally overcome through the use of policies coined as a partici-
pative by funding agencies. In this cases research communities can 
managed to evolve the outcomes into a recognisable approach, with 
researchers adopting it and using the opportunities to strengthen the 
visibility and impact of their work [67]. 

Furthermore, regarding responsibility, there are multiple and over-
lapping ways in which researchers could proceed in socially responsible 
ways [11]. This ways can considered:ascribing to rigorous levels of 
research conduct; providing solutions to societal problems and deliv-
ering (socially) useful outcomes; reflecting on their motivations and 
methods by opening up knowledge production to a broad range of so-
cietal actors or adopting collaborative research strategies and 
co-production of knowledge [68]. 

In the case of the new roles, energy system transformation process, 
provide a new set of actors from local communities to users and citizens 
[27] that interact with researches producing new user-inspired in-
novations. In this case, RRI, applied to energy systems entails the 
assumption that actors and local communities should collaborate to 
share responsibility, to become mutually responsive and to anticipate 
future developments to guarantee socially and technologically accept-
able transformation towards an inclusive and sustainable energy system 
[14]. Moreover, considers the priority to training a new generation of 
researchers who have the skills to address grand societal challenges 
underpinned by an excellent research base and responsible awareness. 
User inspired innovations have an important imprint in current energy 
renewable energy applications. In this vein, options such social learning 
theories can be used for this purpose since thought social learning re-
searchers and society are at the same level, in the context intended to 
foster the development of shared understandings of problems in terms of 
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their nature, scope and impact that requires the participation of a wide 
range of actors for societal engagement in the production of scientific 
knowledge. 

The relevance of the communication in the transition process is a 
question with multiple faces including the factors influencing commu-
nication process and the extent to which scientific information meets the 
needs of the users. In the case of the factors influencing the nature of 
communication process are related with the i) distinction between the 
sender or source and the receiver of a message and ii) the type of 
communication approach that can be in terms of transmission or in 
terms of participatory process. The first distinction cluster elements of 
communication theories that can be combined in various ways, for 
example in terms of input factors (i.e., source, message, channel, and 
receiver) and output factors (i.e., attention, interest, understanding, and 
attitudes). In the case of the communication approaches, the trans-
mission approach is based on limited public involvement, and the 
participatory approach is based on extensive public involvement [64]. 

The endeavour of obtain that scientific information meets the needs 
of the users is going to comprise the use of participatory communica-
tions approach and collaborative strategies. Participatory communica-
tion it is characterised by include the public from an early stage of new 
technology development and for being perceptive to information pro-
vided by the all the stakeholders [69,70]. Moreover, serves to the pur-
pose of ensuring coexistence of multiple perspectives and knowledge 
forms [57]. In this respect, the participatory approach can be seen as 
closely linked to the idea of post-normal science, in which knowledge 
concerning an issue shifts from being produced by experts in the tradi-
tional disciplinary academic system, to being produced collectively by 
all those affected by the issue who enter into dialogue on it [71–73]. 
Furthermore, the commitment for a participatory approach is based in 
the involvement of a multitude of stakeholders is related with the allo-
cation of responsibilities, since including the general public conforming 
an extended peer community –serves the purpose of ensuring coexis-
tence of multiple perspectives and knowledge forms [57]. In addition. 
participatory approaches have been reported useful to modulate the 
ways in which research questions can be formed and interpreted by 
actors serving to generate and legitimate research questions through 
collaboration between stakeholders and academic researchers [23]. 

3. Methodology 

3.1. Procedure and sample 

The survey tool was used to evaluate what a group of researchers 
community experts in thermal energy storage thought about alternative 
policy approaches such as RRI and the feasibility of their integration 
within renewable energy innovation and thermal energy storage (TES) 
research. This study was considered a qualitative approach to examine a 
phenomenon, to characterize it and differentiate it from other policy 
integration strategies. The survey was constructed taking into account 
the possibility of framing the results in indicators for subsequent sta-
tistical analysis. For this purpose, the consideration of a series of inde-
pendent and dependent variables was made. The considered 
independent variables were gender, role, presence of absence of man-
agements responsibilities within the institutions, and the years of 
expertise. And the dependent ones were organized in the four levels of 
the questionnaire: energy and society (questions 9–13), communication, 
research and dissemination and outreach (questions 14–18), participa-
tory research or engaging research (19–35), and methodologies and 
regulatory framework (36–40). 

The survey data was collected from a representative group of re-
searchers working on TES (33 countries, 215 targeted researches 
completing the surveys at 31% with a final N = 72) that were part of 
institutions throughout the world. Moreover, a query in Scopus shows 
that around 160 researchers publish in TES, showing that the sample is 
indeed representative of the topic assessed [74]. 

The data collection was arranged online through web links and e- 
mail invitations starting from October of 2015 to January of 2016. The 
collected data from 215 interactions yielded 72 valid questionnaires that 
were numbered, checked and codified and then converted to values. The 
overview of the sample characteristics is shown in Table 1. Since the 
surveillance process, finally yielded maximum 72 results for each 
question the obtained results were not sufficient for been tested by using 
the t-test and ANOVA. 

It is important to point out that the independent variables were 
considered in terms of qualitative source of information since the results 
were not sufficient for being tested using ANOVA. Moreover, within 
these independent variables, no control variables, including factors such 
as organisational characteristics, research group size or country of 
location were considered for statistical purposes. This was considered 
due to the size of the sample and based in the fact that the impact of this 
variables inclusion can be heterogeneous [75]. 

3.2. Survey questions and measure 

The survey questions construction was based in the theoretical as-
sumptions articulated in the previous sections. The survey tool was 
framed into four main areas (levels) representing: energy and society, 
communication, research and dissemination and outreach, participatory 
research or engaging research, and methodologies and regulatory 
framework awareness. The levels were proposed for measuring the 
drivers of this dependent variables and their corresponding concepts as 
shown in Table 2. 

The questions under the area of energy and society intended to 
elucidate the social approach to scientific research in general and then 
focus on renewable energy and TES. Within this area the first question 
was proposed in terms of how researchers understand and describe energy 
research and TES social approach? This question intended to identify the 
drivers and the different weight in the rationales in the context of TES. 
Potential drivers are the integration of social sciences increased accep-
tance, assessment of the context of the research, the consideration of 
participation either for pursuing social impacts or for drawing research 
questions across the society, and outcome innovation process 
reformulation. 

Moreover, the questions under the area of communication, research 
and dissemination and outreach intended to elucidate the factors influ-
encing the chosen transmission approach and the drivers of communi-
cation, divulgation, and engagement. 

The level participatory research or engaging research indented to 
elucidate the drivers of the allocation of responsibility and elucidate the 
drivers of the extent to which scientific information meets the needs 
regarding collaborative research strategies and co-production of 
knowledge. Moreover, intended to unpack the awareness about the RRI 
conceptual and key dimensions and enquire the opinions regarding to 
responsibility, engagement, open access and open science. 

Finally, the questions under the area of methodologies and regulatory 

Table 1 
Sample characteristics.  

Independent variables Category % Number of 
occurrences 

Gender Female 36.1 26 
Male 62.5 45 
I prefer not to answer 
this question 

4.4 1 

Years of expertise PhD (1–5 years) 22.2 16 
Junior (5–10 years) 20.8 15 
Senior (more than 10 
years) 

57.7 41 

Presence of management 
responsibilities 

No 36.1 26 
Yes 27.7 20 
DNAa 36.1 26  

a Do not answer. 
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framework intended to provide further insight into what factors are 
relevant in forming opinions and beliefs about RRI integration feasibility 
within renewable energy innovation and thermal energy storage (TES) 
research. 

The questionnaire can find in Appendix A. The questionnaire was 
designed following two different type of questions. The questions were 
enquiring with a semi-structured pattern of answers (give-one-view 
questions, multi-options, and yes or no questions) and open-ended 
response questions. 

In the case of the give-one-view questions a five-point level was 
stabilised (1-strongly agree, 2-agree, 3-desagree, 4-strongly disagree, 5- 
indiferent) to evaluate responses following the case studies founded in 
the literature in similar areas [56,83–85]. Moreover, the approach of 
asking the enquires using additional related questions were included to 
provide further insight into what structural factors were relevant in 
forming opinions and beliefs. This strategy implies to, for example, 
enquiring similar questions changing some details (see questions 9 and 
10). 

4. Surveys results and findings 

4.1. Energy and society level 

The questions show the different weight of the proposed drivers. In 
this vein, the first oncoming to the approach to the respondents 
acknowledge the importance of the integration of social sciences in 
energy studies. Likewise, 50% of respondents agree that energy studies 
need social sciences and the majority stress the benefits of the insights of 
social sciences to energy studies, as shown in Fig. 1. Moreover, the 
assessment of questions 11 and 12 shows that when it comes to integrate 
social sciences in the context of research, the most valuable resource is 
the experience to explain, interpret and understand the social phe-
nomena and process (with 62.3% responses for this option with N = 72, 
as shown in Fig. 2). 

Furthermore, Fig. 3 shows that when a social focus or approach is to 
be included in TES research results vary considerably depending on the 
approach. Out of 69 respondents, 59.4% selected the increase of 
acceptance of the technology through the integration of social sciences 
(economics and sociology), followed by the consideration of social im-
pacts with 43.5%, and the inclusion of citizens as beneficiaries with 
40.6%. Nevertheless, the more disruptive considerations of the social 
approach such as the participation process whereby researcher includes 
the society when setting research questions and the inclusion of social 
research topics such as gender applied to TES research, only obtains 
5.8% of respondents. 

Finally, when enquiring the particular condition of research with 
social approach within the TES field in an open-ended question and with 
reference to the participant, institution, country, region role, the re-
sponses were found divided between considerations such as the social 
acceptability of the technology (the integration of social sciences, 
broadening the scope of the TES research for the purpose of overcoming 
barriers, and fostering technology depletion), the consideration of ed-
ucation and outreach activities, and the inclusion of topics dealing with 
social aspects such as sustainability; waste management, the study of 
environmental impacts (development of sustainable cities, the imple-
mentation of TES in rural and poor communities, and life cycle 
assessment). 

Within the case of acceptability, the drivers given by the respondents 
were, the social acceptance of TES in terms rejection or adoption, and 
the search of the social impacts (either through considering the needs of 
the population to then determine best research approaches, or through 
the involvement of the end-users). This last consideration, the involve-
ment of the end-users, was specially highlighted in the case of TES 
research for buildings energy efficiency applications where the 

Table 2 
Questionnaire main levels.  

Level Objective Questions 

Energy and society To elucidate the drivers to social 
approach to scientific research in 
general and then focus on renewable 
energy study and (TES) applications 

9–13 

Communication, research 
and dissemination and 
outreach 

To elucidate the factors influencing 
communication process and the 
drivers of the communication, 
divulgation, and engagement. 

14–18 

Participatory research or 
engaging research  

- To elucidate the drivers of the 
extent to which scientific 
information meets the needs  

- To elucidate the drivers within the 
user-inspired innovations, collabo-
rative research strategies, and co- 
production of knowledge  

- To unpack the drivers of RRI 
conceptual and key dimensions  

- To broad the opinion regarding to 
responsibility, engagement, open 
access and open science (citizen 
science, etc.) 

19–35 

Methodologies and 
regulatory frameworks 

To provide insight into factors in 
forming opinions and beliefs about 
RRI and the feasibility of this 
integration within (TES) applications 

36–40  

Fig. 1. Differences from the responses from (a) question 9 and (b) question 10.  
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consideration of the influence of the social context in the actual energy 
use of building occupants, and their attitude towards the use of new 
technologies to improve the efficiency of their house or working place 
was included by the participants in the survey. 

In contrast, in the case of the integration of social sciences, the use of 
socio-technical approaches, the purpose of improving business models 
or economic benefits and the understanding of the benefit of TES in 
society was found to shape this integration. Moreover, the recognition of 
social sciences was found to be a driver to help science and technological 
advances to reach society. Finally, out of 72 participants 34% did not 
answer this question and 5% reported non-awareness. 

4.2. Communication, research and dissemination and outreach level 

Regarding communication, outreach and dissemination which was 
defined as a level, from the beginning of the survey design, it is inter-
esting to notice that it was also identified as a driver in the previous level 
answers. However, when participants are asked to identify communi-
cation activities, 85% identify wrongly publication of papers and assis-
tance to conferences, and 69% when they are asked to identify 
divulgation (Fig. 4). 

A detailed assessment of results shows that there was a balance of 
respondents which identified training students and public in TES 
(51.85%) and participation in science education activities (48.2%) 
under the umbrella of divulgation, as show in Fig. 5. In the case of 

Fig. 2. Drivers of the implementnation of social sciences in TES research corresponding to responses to question 11.  

Fig. 3. Drivers of the understanding of the energy studies and TES research with social focus corresponding to responses of question 12.  
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aspects under the context of communication, the majority of re-
spondents considered the presentation of papers and conference assis-
tance (85.2%). In addition, other communication activities listed in the 
question options and selected by the respondents were the internal 
communication of the research results for the purpose of promoting 
synergies and interdisciplinarity (55.6%) and the engagement in scien-
tific education activities (40.7%), as shown in Fig. 6. Furthermore, the 
less considered elements within divulgation were the actions aimed at 
commercializing a product or a research result (with 37.0%) and within 
communication the content generation (with 27.8%). 

When an open-ended question regarding the initiatives and plat-
forms related with TES communication is used, the percentage of re-
sponses was found very low (10%). Nevertheless, information can be 
withdrawn, since the respondents specified alternatives such as TES 

specific platforms (Energy Savings Platform, ESP, Smart Specialisation 
Platform, S3 Platform, Renewable Heating and Cooling Platform, RHC 
platform, and European Energy Research Alliance in Storage, EERA- 
Storage) and initiatives related with storage within as the Interna-
tional Energy Agency, IEA. Furthermore, the use of Research Gate and 
LinkedIn as storage targeted communities and blogs was reported, as 
well as Scopus (although this data base is not designed for this purpose). 

Regarding the use of social and open platforms, the majority of re-
searchers reported non-awareness or participation in them as observer, 
as show in Fig. 7. Moreover, for the communication activities Research 
Gate was the most used platform with 35.2% researchers reporting 
frequent participation. In contrast, regarding professional platforms 
designed for research purposes, such as Research Gate and Jove, 66.7% 
researchers reported non-awareness. In the case of social platforms, the 

Fig. 4. Selection of the most prevalent drivers of communication and divulgation corresponding to questions 14 and 15.  

Fig. 5. Drivers under divulgation concept corresponding to question 14.  
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respondents reported non-awareness of the purpose of communicating 
research activities for Google Hangouts (64.8%), Facebook or similar 
(37.0%), and Twitter or similar (48.2%). 

Finally, 64.8% of the targeted community considered having the 
skills and tools to prepare and disseminate content for communication 
and dissemination purposes with N = 54. Moreover, 18% of respondents 
considered themselves open to receive training in this area. 

4.3. Participatory research or engaging research level 

Respondents largely considered (61.1%) themselves aware about the 
concept of participatory research or engagement research. However, 
when asking details through guided questions the answers were not 
consistent. For example, when the differences between both concepts 

are asked, 53.7% respondents identified correctly that the differences 
laid in the scope and participation grade, while the rest indicated wrong 
answers (20.4% considered that the differences come from the partici-
pation with researchers and community in the case of participatory 
research and the participation between researchers from different in-
stitutions in the case of engagement research; 14.8% considered that 
participation and engagement research are synonymous; and another 
14.8% that are differences but not the indicated ones). 

Regarding awareness of responsibility within research, the idea of 
the responsible behaviour of the researchers as individuals prevails 
(with 53.7% responses with N = 54 as shown in Fig. 8), the conse-
quences of innovation is selected by 37.0% respondents, the assessment 
of risks by 33.3%, and the management of intellectual propriety by 30% 
of them. In contrast, in the next question 69.8% respondents reported no 

Fig. 6. Drivers under communication concept corresponding to question 15.  

Fig. 7. Uses of social and open platforms for research activities corresponding to question 17.  
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use of the responsible/responsiveness concept in their TES research 
(with N = 53). 

Regarding the researchers awareness about the different conceptual 
dimensions and keys of RRI, responsiveness (46.3%) and inclusion 
(37.0%) were the options chosen by more participants, while scientific 
education (79.6%) and open access were the more known RRI keys (with 
N = 54 as shown in Fig. 9). 

Furthermore, when it comes to broadening considerations regarding 
with specific keys, a variety of opinions arise. In the case of engagement, 
although a high percentage of participants state lack of knowledge, 
those answering include concepts under the umbrella of the social use of 
technology. Within the social use of technology, respondents include in 
an open-ended question meaningful incorporation of public inputs in the 
innovation process and using knowledge for society amelioration. The 
elements related with the accurate dedication and self-responsibility 
were commitment, motivation, and passion. The development of 
topics with social imprints includes sustainability of the energy systems, 
being this one listed by several participants. And finally, the integration 
of diverse stakeholders such as industry, community and society, and the 
consideration of outreach and educational activities emerged translated 
with engagement. 

In the case of science education considerations, the majority of the 
participants reported awareness. Moreover, the open-ended question 
showed reflexions that can be merged in technology transfer activities, 
promotion of scientific interest in student communities, the arrange-
ment of courses or training schools, and teaching activities strongly 
focussed within academia in the field of TES, mostly their own master or 
PhD students (teaching, PhD supervision, etc.). 

Furthermore, industry and policy makers are considered the pre-
dominant target audience of science education (with 77.4% responses 
with N = 53), followed by the future TES professionals and junior re-
searchers (75.5%), and students (69.8%). In addition, researchers from 

other disciplines (47.2%), broad community (28.3%), and seniors and 
retires (7.6%) are considered less targetable audiences by participants. 

Moving towards the integration of the open science concept, the 
participants were inquired about their understandings of the concept, 
the gaps, challenges and trends in todays momentum and the near 
future. Regarding definitions, the majority of respondents (70.4%) 
considered that open science belongs to an approach where researchers, 
citizens and multiple actors participate, share and draw upon the results 
of scientific activity, followed by the research communication in open 
access journals (53.7%). Moreover, actions to increase transparency in 
the institutions (13.0%) and the regulation of intellectual propriety 
(9.3% with N = 54) were considered less representative. 

Regarding the assessment of open science, in an open-ended question 
several participants reported an initial enthusiasm considering that 
more open science would lead to better achievements. Moreover, the 
social appraisal of innovations and the open accessibility of the outcome 
of research is seen as an opportunity of the open science effect on so-
ciety. However, the necessity of a new approach was indicated as the 
main gap. Regarding the critical issues and the burdens of open science, 
the respondents reported four main issues. The first one was intellectual 
propriety concerns. The second one was the concern of researchers vs. 
their influence in their research, since freedom of researcher has always 
been considered essential. This is presented within two main perspec-
tives, that of the lack of knowledge of some stakeholders (such as the 
society) not having the skills to understand the advances, and that of 
biased interest of others (such as industry or policy-makers). The third 
one was the regulations of the open access in terms of the role of the 
journals as a profitable organisation. And finally, the evolution of 
research within the digital era. 

Regarding intellectual propriety, participants reported the owner-
ship of IP rights (also including rights on publications) as a burden to the 
advance of the open science but also to ensure the investment to 

Fig. 8. Drivers of responsibility corresponding to question 21.  

Fig. 9. (a) RRI key dimension awareness corresponding to question 23 and (b) RRI conceptual dimension awareness corresponding to question 24.  
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generate research outcomes. In this vein, participants considered that 
open science is still underdeveloped and hindered by the patents prac-
tice and practice of closed publication (with copyrights of the pub-
lishers). Moreover, participants considered that within open science the 
protection of an innovation is not clear, and this can affect the compe-
tition between private and public research for that information. Also, 
openness of non-mature technologies may drive a negative acceptance 
from society due to miss-information or low technology readiness. In 
this vein, in the case of TES some respondents considered that open 
science has little value as the nature of researcher work is to develop 
technology for commercialisation, and therefore the research tends to be 
confidential. 

Open science considerations in terms of part of the digital revolution, 
participants considered that the necessary new approaches can be 
adopted inspired by the open source world and the adaptation of current 
communication channels to adapt the research achievements to a lan-
guage accessible to anyone but avoiding pseudo-scientific contents. 

Most respondents support publications in open access. Even though 
they considered burdens such as the risk of the low quality of results, the 
increase of publications with less content, and the factice possibility of 
buying a position to publish whatever, limitations related to lack of 
funding, and the no-recognition or improvements in the CV. 

Finally, when enquiring the opinion regarding citizens contribution 
to scientific research and the relation of society with TES research, 
83.3% respondents considered that citizens can contribute to scientific 
research and 87.0% reported awareness of the concept of citizen science 
(with N = 54). As example, participants reported low awareness except 
for examples of projects related with observation of the ecosystems, the 
measurement of the air pollution, initiatives to bring technology in-
comes to communities, and energy consumption surveillance projects. 
When multiple-choice is used to identify the drivers of relation between 
researchers and society, Fig. 10 shows that researchers consider society 
as beneficiary (55.6%) and user (48.2% with N = 54), but none selected 
options such as actors in the research process, either in the definition of 
research or in its evaluation. 

4.4. Methodologies and regulatory frameworks level 

When participants are asked about the awareness of the 

methodologies and regulatory frameworks that seek to integrate social 
approaches in scientific research, 33% reported non-awareness and 55 
%did not answer. Similarly, in the case of these methodologies applied 
to TES research 37% respondents reported non-awareness and 56%did 
not answer. 

Regarding the integration of alternative approaches and collabora-
tive research strategies, 50% of respondents reported non-awareness of 
transversality. Moreover, multi- and interdisciplinarity are the most 
known for the majority of the participants, as shown in Fig. 11. Most 
participants reported non-awareness of the MITT collaborative research 
strategies (53.7% for transdiciplinarity, 9.3% for interdisciplinarity, and 
3.8% for multidisciplinarity). 

In the case of the specific frameworks, responsible research and 
innovation (RRI) was reported acquainted by the 59.3% of respondents, 
followed by technology assessments (with 55.6% respondents), while 
social innovation and participatory action research were reported 
acquainted by only 2.4% and 11.11% respondents, respectively, with N 
= 54. 

Finally, regarding to the measures considered necessary to carry out 
an integration of methodologies to integrate social approach in TES 
research, strategies such as the identification of potential researchers in 
the field with the aim of collaboration, policy developments for inte-
gration of these methodologies, and the need of funding were considered 
by the respondents. In the case of the impact of the implementation of 
this methodologies and regulatory frameworks within the institutions 
for targeted researchers, participants considered that would bring more 
dedication to research (40.7% respondents), more economical resources 
for their research (another 40.7% participants), followed by a renewal of 
the governance structures (22.7%). In addition, 29.6% of respondents 
considered non-significant impacts on their work due to the imple-
mentation of this approach. 

5. Conclusions 

This paper enriches the current literature in three significant di-
rections. First, it presents a state-of-the-art of the socio-technical inte-
gration in energy storage research topic and unravels the diversity of 
drivers that can be shed from any attempt of adoption of a responsible- 
base approach in terms of socio-technical integration, social science 

Fig. 10. Researchers relations with society corresponding to responses from question 32.  
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integration and non-technological priorities integration. Second, con-
siders the social approach of the research process and the researchers 
perceptions in the spotlight. Third, contributes to enlighten the oppor-
tunities of this integration applied to storage in term of:1) The possibility 
of adapting the technology to include the new patterns of energy pro-
duction, consumption and social innovation; 2) the option of appraise 
how of those social patterns would be considered users driven innova-
tion, prosumerism or community energy storage and 3) the consider-
ation of a new governance strategies for these new user-inspired 
innovations, as community energy storage based in RRI. 

The consideration of the social approach of research highlights the 
literature gap in considering the researchers as also stakeholders of this 
process, which brings the second part of the paper, which it shares in- 
depth the survey results about researchers’ perception towards the 
prospect of the use of the RRI approach in their research, with a specific 
researchers community (thermal energy storage). For this endeavour in 
this study, a questionnaire was designed, tested and then given to the 

targeted researchers communities in order to determine the levels of 
knowledge and awareness regarding energy and society, communica-
tion, research and dissemination, participatory research and method-
ologies and regulatory frameworks. Regarding to the average 
participation and surveillance burdens, the online questionnaire was 
sent to 215 targeted researches completing the surveys at 31% with an 
average final N = 72. In general, the questions were answered with a 
nearly constant omitted reposed ratio of 18 (Fig. 12). Moreover, the 
difficulty in converting the research questions based on a literature re-
view, in survey questions causes a considerable level of discarded re-
sponses and sometimes even contradictions in the responses of given 
participants. It would also be interesting to consider that since the 
participants were researchers and were asked about research (their own 
job, and a very vocational one), answers can be influenced by this bias. 

Findings shows that the inclusion of citizens as direct beneficiaries of 
research is fine, but problems arise when citizens have to be included in 
research decisions (such as definition of research questions or research 

Fig. 11. Collaborative research strategies and co-production of knowledge awareness corresponding to question 35.  

Fig. 12. Omitted responses ratio regarding questions showing and constant omitted ratio of 18.  
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assessment). Therefore, researchers have clear definition of the roles of 
each stakeholder and the coming changes due to the incorporation of 
socio-technical approaches such as RRI bring uneasiness to them. 

In this study it was found that researchers consider that the mecha-
nism of communication is transmission and not participation, and they 
also considered that divulgation and communication are the same, 
corroborating findings from the literature. Moreover, the use of social 
sciences to increase the acceptance of technology prevails despite the 
consideration of real impacts for society in the research targets. 

Another important finding is that even though the questionnaire was 
designed following a rational of four levels, those levels are intrinsically 
interconnected, which results in that some drivers appear in the open 
answers of the participants even before they are mentioned in the 
questions. For example, science education emerges very early when 
unpacking the drivers of the energy and society level, although it is a key 
listed in the RRI approach later in the questionnaire. More important is 
the appearance of open access and open science researchers concerns 
when enquiring levels 2 and 3, and especially regarding participatory 
and engaging research and the possibility of citizen science initiatives. 
This can be related with the literature evaluating researchers relation-
ship with policy goals and the disaffection and convenience attitudes of 
the research and innovation policies prescriptions. 

Interestingly, interviewed researchers found no direct impact of the 
implementation of socio-technical approaches in their research to the 
outcomes of it (for example they do not think that they would get more 
funding or more published papers), but they acknowledge the need of a 
change in research governance. 

Although policy makers are acknowledging collaborative research 
strategies (MITT – multi-, inter-, transdisciplinarity, and transformative 
science) and co-production of knowledge as the only mechanisms to 
achieve energy and society integration, communication and outreach, 
and participatory research, this study has found a worryingly ignorance 
of such strategies by the interviewed researchers. 

6. Implications 

The implications of this study focused on the researchers is based in 
the generation of a knowledge domain focused on the social approach of 
the research process not in the technologies. This domain emerges 
intending to cover the consideration of the emerging alternative policy 
frames such as responsible-based policies where this paper can be 
considered as an example of this approach for renewable energy appli-
cations such as thermal energy storage. This study shed light about the 
theories, approaches and understanding related with the surveyed 
communities along with multiple elements that influence the energy 
researchers belief. In this sense, the alternative approaches such co- 
construction and transdiciplinarity emerge as the theories or concepts 
for the goal of explaining the adoption, use, acceptance, diffusion or 
rejection of new technology within the socio-technical change or tran-
sitions. In contrast, the multiple elements that influence the energy re-
searchers belief about the RRI integration shows that in the case of the 
thermal energy storage researchers community, open access and open 
science consequences implementation capitalize the concerns. 

The consideration of a space of integration were approaches from 
outside as well as the new envisions are welcome implies the necessity of 
reinforce the policy strategies through the use co-production of knowl-
edge upon the implementation of alternative impacts measurement 
systems or the statement of research agendas. This integration is highly 
pertinent in both research and energy policy and can yield policy stra-
tegies which brings alternative envision to both problems and solutions 
approaches. 

The drivers of this change within RRI were examined empirically 
considering the level of acknowledgement of the keys (engagement, 
science literacy and scientific education, gender equality, open access to 
scientific knowledge, research results, and data, research and innovation 
ethics and research and innovation governance and the grade o 

deployment of this principles within energy research and innovations. 
The implications of this level of acknowledgement conclude that the 
presence of RRI dimensions to achieve certain objectives in researchers 
mind does not necessarily imply subscribing responsible research pol-
icies. Moreover, understanding of energy research in terms of the RRI 
dimensions shows correspondences with other responsible approach 
insights, such as the duty to assume the effects, the consideration of the 
development of stronger links with stakeholders form customers and end 
users and the process of engage citizens for had a clearer understanding 
of the features and advantages of the storage technologies. 

Regarding the specific topics developed within RRI, the implication 
of the great importance that researchers give to dimensions of open 
access, can be overlapped with the consideration of the communication 
as a non-technological priority for achieving the dissemination of in-
formation about best practices and results. Aligned with this fact, the 
little presence of the gender awareness and importance and the 
circumstance of not knowing where to fit science education emerges also 
as an implication related with the description of the non-technological 
priorities. In the case of science education considerations, researchers 
reported awareness but ideas that can be merged in technology transfer 
activities, promotion of scientific interest in student communities, the 
arrangement of courses or training schools. In addition, engagement 
concepts were considered under the umbrella of the social use of tech-
nology, the participation of different stakeholders and the appropriation 
and commitment to the beneficiaries. 

Despite findings shows elements that are transferable and compa-
rable with literature trends (such as the willingness to include citizens as 
beneficiaries but not as participants of research decisions, the use of 
social sciences to increase the acceptance of technology prevalence in 
researchers and the unawareness regarding collaborative research 
strategies as well as an acknowledged regarding the need of a change in 
research governance), the obtained results were not sufficient to 
consider the arrangement of a transferable considerations to any liter-
ature trends yet. 

Moreover, given the intrinsic nature of the complexity of the socio- 
technical integration within energy transitions, researchers roles 
within new user-inspired innovations and the burdens related with the 
implementations of collaborative research strategies as well as the above 
mentioned interlinks between the drivers of non-technological prior-
ities, additional research is necessary to perform the integration of 
alternative policy strategies and provide a flexible interface tailored to 
different stakeholder groups. For this reason, the future work inspired by 
this paper is going to be based in the consideration of different re-
searchers communities which will require the construction of alternative 
empirical approaches as well as the consideration of arrange compara-
tive studies between researchers perceptions. 

Finally, this paper delves in the consideration of the emerging field of 
the RRI for energy systems as a starting instrumental point for initiating 
a dialogue among researchers working within scholarly traditions. This 
field is calling for a conceptual clarification on the meaning of values 
and attempts to synthetize approaches to value in RRI for energy system 
and their innovations. 
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Appendix A. (Questionnaire) 

Questions 1–8: Personal identification details, years of expertise, 
position gender, area of expertise etc.  

9. What is your opinion regarding with this statement? Energy studies 
needs the insights of the social sciences. 

Options: 
I strongly disagree I disagree I agree I strongly agree Indifferent. 
I do not have enough data to answer this question.  

10. What is your opinion regarding with this statement? Energy 
studies would benefit from the insights of the social sciences. 

Options: 
I strongly disagree I disagree I agree I strongly agree Indifferent. 
I do not have enough data to answer this question.  

11. Regarding with the implementation of the social sciences in TES, 
which are the most significant applications in the context of your 
research? 

Options: 
The methodologies. 
The experience to explain, interpret and understand social phe-

nomena and processes. Professionals and experts. 
Ideas and concepts.  

12. How would you understand or describe energy studies and TES 
with a social focus or social approach? 

Options: 
The use of economics and sociology to assets socioeconomical con-

texts of research. 
The participation of society in scientific advances and in the pro-

cesses leading to such technological advances. 
Researchers drawing from across the society when setting up 

research questions. 
A measurable social impact/relevancy with real beneficiaries across 

society for the research. 
The consideration of real impacts for society in the research targets 

and the inclusion of the citizens as direct beneficiaries. 
The inclusion of social research topics such gender, communication, 

ethics applied to TES. 
The use of economics and sociology to increase acceptance of 

technology.  

13. What would count as research with social approach in your field? 
Kindly describe this with reference to your role, institution, 
country, region and state. Are you aware of any research trends or 
practices that can be linked to this social approach?  

14. In the context of your work, which aspects come under the areas 
of divulgation? Participation in science education activities. 

Options: 
All actions aimed to commercialize a product or a research result. 
Presentation of articles, conference assistance. 
Training of students and public in TES.  

15. In the context of your work, which aspects come under the areas 
of communication? Presentation of articles, conference 
assistance. 

Options: 
Engagement in scientific education activities. 
Content generation. 
The internal communication of my research results within my 

institution and with my colleagues in order to promote the synergic 
work and interdisciplinarity.  

16. Do you know any remarkable initiatives and platforms related 
with TES communication? Please, suggest examples.  

17. Do you use non-conventional, social or open platforms to 
communicate your research activities? 

Options: 
Platforms: 
Research Gate. 
Video articles. 
Jove. 
Google Hangouts. 
Facebook or similar. 
Twitter or similar. 
Grade: 
Not aware. 
Only observer. 
Frequent participant. 
Sporadic participant.  

18. Would you say that you have the right skills/tools to prepare and 
disseminate content for communication/dissemination purposes? 

Options: 
Yes. 
No. 
Would you like to receive or broad the training in this area?  

19. Are you aware with the concept of participatory research/ 
engagement research? 

Options: 
Yes. 
No. 
Would you like to receive or broad the training in this area?  

20. Do you consider that there are differences between participation 
research and engagement research? 

Options: 
Are synonymous. 
The differences are referred to participation with researchers and 

community in first place and participation among researchers from 
different institutions in second case. 

There are differences in the scope and participation grade. 
There are differences but not the indicated.  

21. Are you aware with the concept of responsibility regarding to 
research? 

Please, select related options. 
Options: 
The philosophical studies about consequences of technical in-

novations and its implications for individuals. 
The studies associated with technology and innovation risk 

assessment. 
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The responsible behaviour of researchers. 
The management of intellectual property.  

22. Do you use the concept “responsible/responsiveness” in your TES 
research? 

Options: 
Yes. 
No. 
Please, describe examples.  

23. Are you aware with the following concepts regarding with your 
research? Please select correspondences. 

Options: 
Anticipation Reflexivity Inclusion Responsiveness.  

24. Are you aware with the following concepts regarding with your 
research? 

Options: 
Governance. 
Gender equality. 
Scientific education. 
Engagement. 
Ethics. 
Open access.  

25. In your field of work/research, what is considered engagement?  
26. In your field of work/research, what is considered science 

education?  
27. Regarding with TES research, what is your consideration 

regarding with the target audience of science education? 

Options: 
Broad community. 
Students. 
Seniors and retired. 
Future TES professional and junior researchers. Researchers of other 

disciplines. 
Industry and policy makers.  

28. Which of the definitions below will most closely match your 
understanding of the term “open science"? 

Options: 
Regulation of intellectual property. 
An approach where researchers, citizens and multiple actors partic-

ipate, share and draw upon the results of scientific activity. 
Open access publications. 
Actions for increase transparency in institutions. 

29. What is your view in the current state of the field of “open sci-
ence”? Kindly note below any gaps, dangers, needs, controversial 
positions, red lines, critical issues, challenges and trends that in 
your opinion will define the “open science” now and in the near 
future.  

30. What are your considerations regarding the publication of results 
in open access?  

31. Do you think that citizens can contribute to scientific research? 

Options: 
Yes. 
No. 
Other.  

32. In the context of your research, how would you describe your 
relationship with the society at large? 

Options: 
I carry out educational activities in my community. 
I work with communities in TES implementation programmes. 
I see communities and citizens as users of TES technology therefore 

social data on consumption, demographics and habits is of fundamental 
interest for me. 

Communities and citizens are beneficiaries of my research. 
I consider researchers drawing from across the society when setting 

up research questions. 
I consider citizens for the evaluation process of my research 

proposals.  

33. Are you aware with the concept of “citizen science"? 

Options: 
Yes. 
No. 
Other. 

34. Are you aware of any initiatives or examples of the “citizen sci-
ence” projects? Please, describe examples.  

35. What are your reflexions regarding to the following concepts? 

Options: 
Multidisciplinarity Interdisciplinarity Transversality Transdisci 

plinarity. 
Grade: 
Not aware. 
Acquainted. 
I have participated. 
I have extensive experience.  

36. Are you aware of any methodologies or regulatory frameworks 
that seek to integrate a social approach into scientific research? 
Please, describe examples.  

37. Are you aware of any methodologies or regulatory frameworks 
that seek to integrate a social approach into TES research? Please, 
describe examples. 

38. Are you aware of any of the following methodologies? Respon-
sible research and innovation. 

Options: 
Participatory action research. 
Technology assessment. 
Social Innovation. 

39. In the context of your institution what are the measures consid-
ered necessary to carry out an integration of methodologies for 
integrate social approach in TES research?  

40. Do you think that any implementation of this methodologies and 
regulatory frameworks in your institution will have an impact on 
your work? Please, select impacts. 

Options: 
More dedication form researchers. 
More economical resources. 
Renewal of management and governance in the institution. 
Not significant impact. 

Author contribution 
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