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A B S T R A C T   

Assessing the societal contributions of research is not simple, especially for research projects that produce outputs with low technology readiness level. This paper 
analyses the potential societal impacts of research resulting in technologies with low maturity, but with the potential to be further developed in the long-term. It uses 
the case of the ESGRIDS (Enhancing Smart Grids for Sustainability) collaborative research project and its outputs aimed at enhancing smart grids for sustainability. 
Data was collected from the four participant research teams through two sequential questionnaires about technologies’ state of development and expected long-term 
societal effects. Among the main results, we underscore the influence of individual perceptions and organisational contexts over the process of eliciting future 
developments. The analysis of technologies’ status, barriers for market uptake, and potential future developments was translated into a technology roadmap, which 
outlined the time-dimension for technology maturity evolution and implementation impacts. The technologies developed within the ESGRIDS project can contribute 
to support consumers’ energy decision-making and to encourage them to have a more active role in the electricity market. Those technologies can also create job 
opportunities associated with the development of new products and services, and contribute to mitigating climate change by promoting the use of renewable energies 
thus reducing carbon dioxide emissions, in addition to contributing to energy cost reduction by optimizing the use of supply and demand resources. Future research 
avenues point towards a methodology that can be used for assessing the potential impacts of research projects with low technology readiness outputs.   

1. Introduction 

Global spending on research and development (R&D) reached record 
levels in 2020, around 2 trillion dollars or 2.5% of the world GDP [1]. 
High expenditures have been justified by the positive impact that 
research brings to society [2]. However, measuring the impacts of sci-
ence, technology and innovation is challenging [3]. This has motivated 
researchers and research programs to determine how scientific research 
offers palpable benefits to society, turning the foci from an internal 
research community to a much broader and heterogeneous group of 
stakeholders [2]. As a well-known example of these efforts, one can cite 
the Research Excellence Framework (REF), a system developed for 
assessing the quality of research in the United Kingdom (UK) [4]. As 
reviewed by Smit and Hessels [5], other societal impact assessment 

methods exist, including the Payback Framework [6], the Science and 
Technology Human Capital, the Public Value Mapping, Monetization 
methods, SIAMPI/ERiC model [6], the Flows of Knowledge Framework 
[7], Contribution Mapping [8], ASIRPA [9], and the Evaluative Inquiry. 
These authors evaluated the interaction mechanisms employed by 
methods through which societal value can be created, namely, linear, 
cyclical, and co-created models. They also underscored the importance 
of having discussions about knowledge production processes in an 
individual-case base when selecting appropriate assessment methods. 

Sivertsen and Meijer [10] also mentioned the Research Contribution 
Framework [9] and the IMPACT-EV [9] methods. Nonetheless, since the 
societal impact is often a criterion in the ex-ante evaluation process for 
funding entities, the authors stated that all mentioned frameworks focus 
on the end side of research performance: the interaction with society 
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E-mail addresses: paulaf@dps.uminho.pt (P. Ferreira), anarocha8420-440@hotmail.com (A. Rocha), mmaraujo@dps.uminho.pt (M. Araujo), jla@dei.uminho.pt 

(J.L. Afonso), ch@deec.uc.pt (C.H. Antunes), mlopes@esac.pt (M.A.R. Lopes), gerardo@upt.pt (G.J. Osório), catalao@fe.up.pt (J.P.S. Catalão), jpl@fe.up.pt 
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[10]. They argued that, besides evaluating the impacts of research, or-
ganizations should be also able to evaluate their own ability to contin-
uously interact and learn from new research [10]. This aspect was also 
supported by Fecher and Hebin [11] when collecting evidence from 
academic researchers. These authors concluded that, even though most 
researchers were generally in favour of impact evaluation, few believed 
their institutions prioritized societal impact and reached relevant 
stakeholders in society [11]. In addition to these frameworks, the po-
tential use of big data and analytics [12], interdisciplinary reports [13], 
and ways to deal with the dilemmas of research impact assessment [14] 
has been also discussed in the literature. However, regardless of ap-
proaches and problematics, societal impact measurement remains rele-
vant for national evaluation programmes and key for attracting public 
funding and support for basic research [15]. 

The relevance of addressing the societal impacts of interdisciplinary 
research projects has become even more pronounced with the energy 
transition and the pursuit of the Sustainable Development Goals (SDGs) 
[16]. Energy access and climate change concerns represented by SD7 
and SDG13, respectively, have prompted investment research towards 
more sustainable and reliable energy systems. Among technologies to 
achieve this end, the development of Smart Grids (SG) has been deemed 
essential to help Renewable Energy Sources (RES) reach their full po-
tential and contribute to energy security and resiliency issues that will 
be exacerbated by climate change [17]. In addition, those technologies 
can create new opportunities within energy-related value-added ser-
vices [18]. Focusing on the electricity grids, SG contribute to a new 
paradigm of power grids with decentralized generation, distributed 
control and more active involvement of consumers/prosumers [19]. SG 
are expected to encourage and facilitate the effective transformation of 
electrical power grids to respond to increasing electricity demands, 
reliability and sustainability concerns [20,21]. Apart from 
country-specific electricity generation mixes, many 
fossil-fuel-dependent countries and regions are expected to benefit from 
SG and RES integration as pilot projects have been developed globally 
[17]. SGs can also play a key role in supporting consumers’ participation 
in the electricity market [22]. This is particularly relevant given the 
principles established by the recent European Union’s (EU) electricity 
market directives (EU Directive 2019/944) calling for the need to ensure 
that final customers are entitled to act as active customers and can 
participate in the electricity market [23]. For this purpose, the inte-
gration of communication technologies into the electrical power grids 
can lead to more reliable and efficient management of inclusive elec-
tricity markets [24]. 

Nonetheless, even though a lot of research is undergoing for the 
development of SG and wide benefits are expected, further de-
velopments are still required for improving and implementing the 
concept [20] due to many technical, regulatory, economic, and societal 
barriers. The transition to SG infrastructures will demand deep changes 
in the traditional electric power grid and require new technologies, new 
market structures, new services, and new social processes [25]. Mead-
owcroft et al. [26], for instance, evaluated the socio-political changes 
resulting from SG deployment in Canada and the United States (US) and 
critically pointed to the existing gap between envisioned benefits and 
practical deployments of smart meters. Privacy and justice issues as a 
result of SG have also been raised [27]. If, on the one hand, SG can 
facilitate distributed electricity generation and transparent billing, on 
the other hand, it is arguable whether they contribute to a more acces-
sible, equitable, and democratic energy system [27]. Regarding demand 
side management, Goulden et al. [28] underscored the influence that 
consumer engagement and information levels may have in different 
configurations of SG. 

In this context, regulation, new business models, demand response 
(DR) programmes, and affirmative action policies are essential for 
encouraging the deployment of next-generation power grid architec-
tures [29], as it is the assessment of societal impacts of SG. Still, Bigerna 
et al. [30], when comprehensively reviewing the theoretical and applied 

literature on the topic, concluded that half of papers considered SG 
technical features only. The other half did consider socio-economic as-
pects, such as RES deployment, social perception, system and electricity 
costs, cyber security, regulatory features, and privacy issues [30]. 
Therefore, even though SG have the potential to make a significant and 
comprehensive contribution to energy and environment sustainability 
[31], research is still needed to make sure that technologies are devel-
oped in the most useful and publicly desirable manner [32]. 

Within the scope of publicly funded research projects in the field of 
the energy transition, the potential of SG, and the growing concern of 
societal impacts of research, the present work aimed to evaluate the 
potential societal impacts of SG technologies with low Technology 
Readiness Level (TRL) resulting from research projects and how to 
identify their expected contributions. For this purpose, the Research and 
Development (R&D) project ESGRIDS for the development of SG tech-
nologies was assessed. This assessment was done through the applica-
tion of two questionnaires that prompted: first, the selection of most 
relevant technologies developed by the research teams according to the 
TRL; second, the ranking of social, environmental, economic, and 
technical performance indicators; and third, the identification of bar-
riers and potential societal contributions of the technologies developed. 
This information was then framed within a Technology Roadmap aimed 
at a time-based representation of ESGRIDS technologies’ development 
towards a higher TRL, which can be used to better realize the potential 
societal impacts of those technologies Accordingly, the remainder of the 
paper is organised as follows. Section 2 describes the ESGRIDS project. 
Section 3 covers the development of research impacts and the use of 
performance indicators to assess them, as well as the use of TRL. Section 
4 summarises the methods for questionnaire application and analysis, 
while Section 5 presents the results. Section 6 discusses the results and 
frame them into a Technology Roadmap. Finally, Section 7 concludes 
the paper with main findings, limitations, and implications for further 
research. 

2. The ESGRIDS project 

This paper addresses the case of the collaborative research project 
ESGRIDS - Enhancing Smart Grids for Sustainability (http://www.es 
grids.eu/), a publicly funded Portuguese R&D project that took place 
from January 2017 to December 2020. The project ESGRIDS was aimed 
at developing novel solutions and technologies for the future challenges 
of the smart electrical power grids within three main aspects, the dis-
tribution grid, the market, and the energy end-user. Its consortium 
comprised four academic institutions, namely, INESC TEC (coordinator, 
University of Porto), INESC Coimbra (University of Coimbra and Poly-
technic Institute of Leiria), C-MAST (University of Beira Interior), and 
ALGORITMI Research Centre/LASI (University of Minho). Further 
description of research teams is presented in Table 1. These teams 
gathered annually in workshops where developments were shared and 
discussed among participants. Within the project scope, models, 
computational applications, and laboratory prototypes were developed 
in the topics of DR, optimization of power grid operations under un-
certainty and instability, and new business models involving retailers 
and Distribution System Operators (DSOs). 

3. Theoretical background 

3.1. Societal impacts of research 

Even though the concepts of ‘outcome’ and ‘impact’ are used inter-
changeably, there are important differences between them. Outcomes 
can be understood as a middle step toward a long-term impact [33], 
whereas an impact relates to the end achievements of a research project 
and implies certain judgment about what is relevant for society and 
stakeholders [33]. Particularly, the European Commission (EC) [34] 
distinguishes outputs as related to direct products from the actions; 
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results as related to benefits for direct beneficiaries from their partici-
pation; and impacts as wider effects of the action. Alternatively, the most 
widely used definitions [35] are those of the Organization for Economic 
Co-operation and Development (OECD) [36], in which: outputs are 
products, capital goods and services resulting from a development 
intervention; outcomes are likely or achieved short-term and 
medium-term effects; impacts are positive and negative, long-term ef-
fects produced by a development intervention, directly or indirectly, 
intended or unintended; and results is a term that may be used to refer to 
all three items. 

For the EU Horizon 2020 (H2020) programme, an ex-ante research 
mission-oriented programme, impacts were categorized into three main 
categories: ‘scientific’, ‘innovation/economic’, and ‘societal’ [34]. Sci-
entific impacts refer to the project’s contribution toward excellence in 
science, the emergence of new technologies or fields of science, and the 
establishment of knowledge networks. Innovation/economic impacts 
comprise advancements in industrial innovation capabilities, techno-
logical development, and diffusion of innovation. Lastly, societal im-
pacts would positively impact the quality of life, health, environmental 
protection, social inclusion, social acceptance of science and innovative 
solutions, and support policymaking aligned with citizen needs [34]. 

Particularly, societal impacts can be harder to evaluate than scien-
tific impacts. While there are comprehensive approaches to evaluate 
economic impacts through monetary outcomes [3] and scientific im-
pacts through bibliometric analysis and citations, these approaches do 
not appraise the contributions of research projects to society [15]. 
Furthermore, determining causal relationships between research and its 
societal impact is not a simple process. The variety of existing societal 
assessment frameworks and different approaches employed by them [5] 
show there is no clear consensus on best practices to be followed [37]. 
While the evaluation process requires time after the end of the research 
project [38], it becomes harder to attribute to a single research project a 
certain impact on society [39]. This has been referred to the “attribution 
problem” [40], i.e., the difficulty of determining what is the specific 
contribution of an intervention to outcomes against all other possible 
factors that could have influenced them. The task of determining future 
impacts becomes even more challenging when researchers are asked to 
do so for technologies in early stages of development, i.e., low TRL 
(Section 3.3). 

Nevertheless, the concern over the needs of society is one of the 

pillars of responsible research and innovation (RRI) [41] and one of the 
H2020 priorities, as it promoted investment in research and innovation 
to benefit of citizens [42]. For that purpose, H2020 has a methodology of 
impact evaluation using a time-sensitive impact pathway including 
short, medium, and long-term impacts, containing both qualitative and 
quantitative information [43]. Likewise, literature on logic models can 
provide insights concerning different time-horizons and sustainability 
spheres [44]. Progress towards impacts was set to be monitored through 
indicators including headline indicators, such as share of GDP invested 
in research, and key performance indicators (KPIs) defined according to 
the programme objectives. The use of indicator-based approaches can 
facilitate the assessment of societal impacts, in particular for mid-term 
and long-term evaluations [42], but it should be recognized that, in 
face of the project diversity, methods and indicators need to be adapted 
to the unique context on a case-by-case basis [39]. 

3.2. Performance indicators 

According to the EC [42], impact indicators represent what the 
successful outcome should be in terms of impacts on the overall econ-
omy and society beyond those directly affected by the intervention. The 
EC also specified a list of KPIs to be considered for assessing the impact 
of H2020 programme [42]. From a research perspective, indicators 
should also provide a solid and coherent basis for the monitoring and 
evaluation system. Indicator-based approaches identify variables that 
measure the achievement of impacts thus providing evidence that 
research was either sufficient or not in generating impact [39]. For the 
case of SG developments, Pramangioulis et al. [45] underlined the 
importance of KPIs for the evaluation process of technologies, as they 
indicate the research degree of success and its potential development. 
Likewise, Kourkoumpas et al. [46] argued that indicators are a 
pre-requisite for the environmental and energy assessment of RES sys-
tems integrated with energy storage systems (ESS). The authors recog-
nized that a wide range of specific indicators assessing the energy and 
environmental performance of RES-ESS exist and proposed a limited 
number of best fitting and easily adaptable list of KPIs. These KPIs 
included, for example, “Share of RES” and “CO2 avoided emissions”. In 
Gouveia et al. [47], a set of KPIs is proposed to evaluate the benefits of 
the research project InovCity for four main criteria related to energy 
efficiency (e.g. “Peak to non-peak transfer”, “Fraud detection rate”), 
operations efficiency (e.g. “O&M cost reduction”, “Meter reading and 
orders cost reduction”), quality of service (e.g. “Quality of supply”, 
“Customer satisfaction”) and emerging technologies (e.g. “EV integra-
tion”, “Increase in micro generation integration”). 

In Li et al. [48], a quantitative approach was proposed to weight and 
select KPIs for district and building energy performance analysis. Among 
the selected KPIs, there were “Accuracy of energy supply and demand 
prediction”, “Renewable energy share”, “Storage system efficiency”, 
“Consumers’ participation”, “Energy loss reduction” and “Peak demand 
reduction”. Also, the Eurostat [49] presented a compilation of indicators 
on energy, transport and environment derived from national data for the 
28 EU Member States, including, for example, “Energy imports” and 
“Energy use”. Pramangioulis et al. [45] presented a list of 45 KPIs that 
can be used to assess the performance of SG related technologies and 
their impact on society. Moreover, the Smart Grids Task Force [50] 
proposed a set of KPIs categorized in six policy criteria related to sus-
tainability, grid capacity, grid connectivity and access, security and 
quality of supply, efficiency and service quality and cross border elec-
tricity markets. 

The examples above, although far from being exhaustive, aimed to 
show the diversity of indicators that may be considered in energy- 
related projects and the need to follow a case-by-case approach when 
selecting KPIs. Table 2 summarises a short list of social, economic, 
environmental, and technical KPIs obtained from the reviewed literature 
and considered suitable to evaluate SG technologies. KPIs related to the 
quality of the (specialized or non-specialized) employment were not 

Table 1 
ESGRIDS research teams.  

Research team Role in the ESGRIDS project Further 
information 

INESC TEC - University of 
Porto (Coordinator) 

Development of advanced 
concepts and smart algorithms 
for supporting distribution grid 
operation, efficient energy end- 
use, and new market models. 

http://www.ine 
sctec.pt/ 

INESC Coimbra - 
University of Coimbra 
and Polytechnic 
Institute of Leiria 

Design and development of 
innovative models, algorithms 
and computational 
implementations for efficient 
energy use, and a reliable and 
sustainable power system. 

http://www. 
inescc.pt/ 

C-MAST - University of 
Beira Interior 

Development of market 
simulation models to study the 
influence of new business models 
and market players in the 
market-clearing process and 
rules. 

https://www.ubi 
.pt/entida 
de/C-MAST 

ALGORITMI Research 
Centre/LASI - University 
of Minho 

Development of power 
electronics prototypes for power 
quality improvement and EV 
battery charging under 
distributed energy resources 
deployment, and modelling and 
simulation. 

https://a 
lgoritmi.uminho. 
pt/  
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addressed for the sake of simplicity. 

3.3. Technology readiness level 

The TRL scale was developed at the National Aeronautics and Space 
Administration (NASA) in the 1970s with the purpose to evaluate 
technology maturity in a standard manner [52]. Since then, it has been 
applied to a wide range of projects in industries such as energy, trans-
portation, and electronics [52], being used to assess a technology from 
when it is simply a research finding (low TRL) until fully integrated into 
a system (high TRL). The scale has 9 levels of technology readiness as 
summarised in Table 3 and it has also been included in the assessment of 
H2020 research outputs [53]. Considering that many research projects 
in the energy transition field are directed to the development of new 
technologies, the TRL scale comes handy not only to assess technical 
performance but also to indicate at which stage (i.e., when) broader 
societal impacts can be expected. Nevertheless, the lower the maturity of 
a certain technology, the harder the task of identifying potential societal 
impacts, i.e., linking research outputs to impacts. Yet, the latter is key for 
attracting public funding [15]. 

The TRL has been also used to assess SG technologies. Liu et al. [54], 
for instance, build their own technology maturity assessment method 
inspired by the TRL scale. Their framework, however, relied on three 
aspects: social and environmental impacts, economic value, and 

technical performance, being the latter the most detailed one. They 
applied their framework to evaluate the case of an EV charging and 
discharging technology implemented in a city from 2012 to 2014. 
Kirkham and Marinovici [55] also proposed a TRL scale applied to SG 
technologies, the Smart Grid Level (SGL). The authors did not consider 
technologies with SGL or TRL below 5, as they focused on a utility’s view 
over SG technology maturity, and technologies with low TRL would not 
be ready for deployment yet. Focused on the discussion over low TRL SG 
technologies, Loureiro et al. [56] opened a discussion over works related 
to peer-to-peer trading (P2P), multi-agent systems, and blockchain 
technology. Crosbie et al. [57] focused on demand response technology 
readiness levels (DRTRLs) to encourage participation in DR energy 
management solutions. Lastly, Flore et al. [58] used a 10-step procedure 
to develop migration paths for SGs, including the development of RE 
integration, load, and Information Communication Technologies (ICTs). 
One of the mentioned steps comprised the evaluation of development 
maturity, which was considered to build SG roadmaps. 

3.4. Technology roadmaps 

Roadmaps can take various forms, being the most common a time- 
based chart comprised of three major layers [59]. Specific technology 
programs or developments (lower layer) are linked to future products 
and services (middle layer), and then to market or business opportu-
nities (upper layer). A technology roadmap is used as a tool for tech-
nology integration, business operation, as well as strategic planning, 
providing a visual tool that allows identifying the potential challenges, 
opportunities, and risks, which may affect the chosen strategy. As 
Moehrle et al. [60] stated, a technology roadmap can take a range of 
graphical forms to suit the situation in terms of purpose, available in-
formation, resources, and desired use. 

Although roadmaps can be useful to represent a collective vision of 
technological futures and anticipate some outcomes, they can hardly 
predict them [61]. Nonetheless, several studies have demonstrated the 
potential advantages of technology roadmapping, such as providing 
guidelines for policymakers, establishing goals and targets, assessing 
promising technology alternatives, identifying marks, barriers, and 
improving communication and coordination for technology develop-
ment [62,63]. Examples of applications in the field of the energy tran-
sition include a technology roadmap to deal with GHG emissions from 
livestock in Germany [64], transformation of cities into smart sustain-
able ones [63], smart city developments [65], and SG transitions [58]. 
Even though roadmaps are frequently associated with a particular 
technology, product, or market, we use this time-based framework to 
better realize the full technology potential to contribute towards societal 
impacts (Section 6.3). In this proposed technology-time based approach, 
ESGRIDS research outputs addressing low TRL technologies (lower 
layer) will be linked to the future commercial stage through identifica-
tion of potential barriers for the products or services (middle layer) and 
to the anticipated impacts (upper layer). 

Table 2 
Social, environmental, technical, and economic KPIs for SG technologies 
assessment.  

References KPI Definition 

Social indicators 
[47] Customers’ satisfaction Increase in consumers satisfaction with 

their energy supplier 
[48] Consumers’ 

participation 
Increase in consumers participation in 
demand response management 
programmes 

[47] Fraud detection Improvement of fraud detection in the 
electric sector 

[42] Employment rate Increase in the employment rate 
Environmental indicators 
[46] Reductions of GHG 

emissions 
Reduction of GHG emissions (e.g., by 
energy savings and renewables use) 

[47] Energy efficiency Improvement of the energy efficiency of 
electric appliances 

[51] Fossil fuel use Reduction of the use of fossil fuels 
Economic indicators 
[45] Energy imports Reduction of energy imports. 
[49] Energy cost Reduction of energy cost (e.g., by 

reducing or shifting the energy use) 
Technical indicators 
[48] Energy losses Reduction of energy losses in the 

distribution system 
[51] Peak-load Curtailment of the peak power by load- 

shift or load-shedding 
[46] Share RES Increase in the share of renewable energy 

in the generation of electricity 
[49] Energy use Energy consumption reduction in 

different sectors (e.g., residential and 
industrial sector) 

[47] Electric vehicles 
integration 

Increase of the number of electric vehicles 
in circulation over time 

[47] Distributed generation 
integration 

Increase in electricity production in small 
and decentralized scale 

[47] Quality of energy supply Improvement in quality of service for the 
consumers 

[51] Demand response (DR) 
uptake 

Increased acceptance of DR programmes 
by the consumers and/or market 
operators 

[48] Accuracy of supply and 
demand prediction 

Increase accuracy of the systems 
(reduction of the demand and/or supply 
forecast error) 

[51] Energy storage 
development 

Development and increase in the use of 
storage technology  

Table 3 
TRL scale and definitions [53].  

TRL Definition 

1 Basic principles observed 
2 Technology concept formulated 
3 Experimental proof of concept 
4 Technology validated in lab 
5 Technology validated in relevant environment (industrially relevant 

environment in the case of key enabling technologies) 
6 Technology demonstrated in relevant environment (industrially relevant 

environment in the case of key enabling technologies) 
7 System prototype demonstration in operational environment 
8 System complete and qualified 
9 Actual system proven in operational environment (competitive 

manufacturing in the case of key enabling technologies; or in space)  
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4. Materials and methods 

The information used to analyse the societal impacts and draw 
ESGRIDS technologies roadmap was elicited through two different 
questionnaires (presented in Appendices A and B) applied to academic 
researchers participating in the project. Questionnaires were con-
structed based on two prior meetings realized with researchers from the 
ALGORITMI team. The first meeting aimed to get familiarized with one 
of the technologies developed by the team, the EV battery charging 
system. The second meeting performed with some researchers of the 
research team aimed to clarify the purpose of the research and the 
pertinence of the questions to be asked in the questionnaires. 

Both questionnaires were sent to the main researchers responsible for 
coordinating the four research teams (INESC TEC, INESC Coimbra, C- 
MAST, and ALGORITMI). The authors made themselves available to 
answer any doubts researchers might have about the questions and assist 
them with the application supporting the questionnaires. The research 
team coordinators were asked to discuss the questions within their 
research teams and provide answers to the questionnaires within two 
weeks. The way in which the research teams gathered information to 
answer both questionnaires was not methodologically defined and was 
let open to the research teams choosing the technique that suited them 
best. 

The first questionnaire (Appendix A) was sent to the ESGRIDS con-
sortium partners in May 2019 and gathered information about the 
technologies/outputs developed in the scope of the project (Table A1). 
The questionnaire also prompted the four participant research teams to 
select the two most relevant technologies/outputs and indicate their 
target users, expected benefits, novelty, and expected TRL at the end of 
the ESGRIDS project (Table A2). A guideline for TRL score was also 
included in the questionnaire (Annex A.1) and was used to aid the se-
lection of most relevant technologies (i.e., higher TRL). 

After receiving and analysing the results of the first questionnaire, a 
second questionnaire was prepared and sent to researchers in June 2019 
with responses being gathered in July 2019. This second questionnaire 
was composed by two sections and aimed to assess the expected 
contribution of the two most relevant technologies selected in the first 
questionnaire. In the first section, social, environmental, economic, and 
technical KPIs listed in Table 2 were presented (Table B1). The academic 
researchers were then asked about the importance of each KPI for the 
technologies deemed most relevant in the first step. This was measured 
using a 5-level Likert scale (“Not important at all”; “Not necessarily 
important”; “Important sometimes”; “Important”; “Extremely impor-
tant”) [66]. In the analysis of these results, for each technology, the 
relevance index (Sk) was calculated as the average value within each of 
the four KPI pillar (k) (i.e., social, environmental, economic, and tech-
nical) and the Global Relevance Index (GRI), as presented in equations 
below (Eqs. (1) and (2)). 

Sk =
∑n

i=1

xi

n
(1)  

GRI =
∑4

k=1
Sk (2)  

where n represents the number of KPIs and xi the value attributed to KPIi 
in the Likert scale (i.e., one to five) within one KPI pillar. GRI is the sum 
of S across social, environmental, economic, and technical pillars (k). S 
was used to obtain a measure of the overall relevance of each pillar 
within each technology. 

The second part of the questionnaire comprised nine open questions 
to obtain more detailed information about the perceived contributions 
of the technologies to society and barriers for their diffusion (Table B2). 
The contribution-related questions were based on H2020 societal ob-
jectives [67] linked to the following energy issues: (i) secure, clean and 
efficient energy: (ii) smart, green and integrated transport; (iii) climate 

action, environment, resource efficiency, and raw materials. The eval-
uation of open questions took place through content analysis processes. 

5. Results 

5.1. Technology inventory 

Table 4 shows the results of the first questionnaire application con-
taining the technologies considered as the most relevant by each 
research team, expected benefits, target users, novelty, and TRL at the 
end of ESGRIDs project. 

5.2. KPIs relevance 

As a result of the second questionnaire application, it was possible to 
assess the perception of relevance (S) of each research team concerning 
social, environmental, economic, and technical KPIs (Table 2) and 
technologies GRI as illustrated in Fig. 1. 

Accordingly, Fig. 2 shows the average value obtained for all KPIs 
across the eight technologies considered. The average value of impor-
tance for each pillar was: economic 3.8, environmental 3.7, technical 
3.2, and social 2.7. 

5.3. Barriers and expected contributions 

The answers to the open questions contained in the second part of the 
second questionnaire (Appendix B) were then analysed. Barriers and 
expected contributions of each technology/output were grouped under 
equivalent concepts as displayed in Table 5. 

6. Discussion 

6.1. Relevance of societal performance indicators 

As it can be seen in Fig. 2, economic KPIs were seen as the most 
relevant, followed by environmental, technical, and societal. The indi-
cator “renewable energy” was repeatedly highlighted suggesting the 
perceived importance of the technologies developed to support a large- 
scale integration of renewable energy sources in the energy generation 
mix. Technical indicators related to “energy losses”, “accuracy of the 
system”, “demand response uptake”, “peak-load”, were also frequently 
mentioned. On the other hand, societal KPIs had the smallest relevance 
across all technologies being the indicator “consumers’ participation” 
the highest among societal KPIs (Fig. 2). As such, we may infer that 
ESGRIDS researchers expect to contribute towards one of the main 
barriers for DR development, namely the difficulty to engage consumers 
[57]. In addition to increasing customer satisfaction and consumer 
participation, the contribution to employment levels was also 
mentioned for a few technologies, such as the EV battery charging sys-
tem, but with lower importance assigned. 

The lower relevance attributed to societal impacts (Fig. 1) can be 
explained by some factors. First, the project nature and objectives of 
finding new methodologies and technological solutions capable of fac-
ing the future technical challenges of the electrical power systems. 
Second, the techno-economic perspective of participant research teams 
given the engineering background of most researchers [11]. Lastly, due 
to the low TRL of technologies (Table 4), primary concerns tend to be 
related to their economic feasibility and contributions towards 
cost-reduction aspects given the need to reach field trial and meet the 
stakeholders’ expectations [55]. Moreover, the technologies that 
attributed higher scores for societal KPIs (S = 3.75) were related to: DR 
in the distribution level, which targeted market and network operators; 
EV battery charging system, which targeted automotive manufacturers; 
and UPQC-RES-ESS related to RES and ESS expected to be used by 
companies with specific power quality requirements. Conversely, all 
societal KPIs for the RES forecasting technology designed to provide 
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Table 4 
Status of ESGRIDS technologies.  

Technology Description Type Benefits Target users Novelty TRL Refs. 

DR in the 
transmission 
level 

New model for scheduling of 
DR in both day-ahead market 
and real-time market proposed 

Model Cost-efficient operation of 
the transmission network 

Market and 
network operators 

New wholesale market 
schemes to implement DR 

3 [68] 

DR in the 
distribution level 

New model for trading DR 
among customers and 
aggregators in a competitive 
way 

Model Cost-efficient operation of 
the distribution network 

Market and 
network operators 

New retail market schemes. to 
implement DR 

4 [69] 

RES forecasting Forecasting model that 
combines geographically 
distributed measurements 
from power plants and ensures 
data privacy from multiple 
owners 

Model Improved accuracy in 
renewable energy 
forecasting 

Renewable energy 
producer, system 
operators, 
prosumers, energy 
traders 

Data-privacy and distributed 
learning 

4 [70] 

Distributed 
Optimal Power 
Flow 

Distributed multi-period 
formulation for the three- 
phase unbalanced Optimal 
Power Flow problem 

Model Maximized integration of 
distributed energy 
resources; local 
management of technical 
constraints in a distribution 
grid with low 
communication 
requirements 

System operators, 
local energy 
communities 

Distributed optimization; 
multi-period optimization 

3 [71] 

Semivectorial bi- 
level 
programming 
approach for 
defining pricing 
schemes 

Semivectorial bi-level 
programming approach to 
model the interaction between 
the electricity retailer and 
consumers, assisting the 
retailer in defining time- 
differentiated pricing schemes 

Model Higher profits for retailers Electricity retailers Algorithms used to solve the bi- 
level problem 

4 [72] 

Raspberry Pi Raspberry Pi (low cost) 
microcomputer solving mixed- 
integer linear programming 
(MILP) models and running 
meta-heuristic algorithms to 
control loads 

Prototype Energy service provision 
cost reductions without 
jeopardizing comfort 

Homeowners Implementation of a 
metaheuristics-based energy 
management system on a low- 
cost Raspberry Pi 
microcomputer 

5 [73] 

EV battery 
charging system 

Electric vehicle (EV) battery 
charging system with different 
operation modes 

Prototype Bidirectional operation with 
the power grid 

Automotive 
manufacturers 

Operation with innovative 
modes as: (1) Home-to-vehicle 
(H2V); (2) Vehicle-to- home 
(V2H); (3) Vehicle-for-grid 
(V4G) 

4 [74–76] 

UPQC-RES-ESS 
(Unified 
Conditioner 
Interfacing a 
Renewable 
Energy 
Source and an 
Energy Storage 
System 

Unified Power Quality 
Conditioner interfacing RES 
and ESS 

Prototype Improvement of the power 
quality of the power grid 
and, simultaneously, 
production and storage of 
energy 

Companies with 
specific 
requirements of 
power quality 

Development of a new 
topology of power electronic 
converter and its algorithms, 
interfacing RES, energy storage 
and, simultaneously 
compensating power quality 
problems of voltage and 
current 

4 [77–79]  

Fig. 1. Social, environmental, economic, and technical Relevance (S) of selected KPIs and Global Relevance Index (GRI) per technology and research team.  
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accurate data for RE generation and the “Distributed Optimal Power 
Flow” model targeting distributed energy integration and management 
at local energy communities had scores 1 in the Likert-scale (i.e., “Not 
important at all”). Both technologies were developed by INESC TEC. 
Therefore, besides obvious differences across technologies and their 
target users that can explain dissimilar societal KPIs relevance, this gap 
in attributed relevance can be also explained by different perceptions of 
societal impacts by the research teams. As Fecher and Heber [11] dis-
cussed, researchers’ societal goals differ between their disciplines and 
the types of organization that they work at. Therefore, these results 
highlight the influence of not only academic researchers’ individual 
perceptions but also organizational cultures and values [11], as well as 
underscore the need for a standardized approach to elicit potential so-
cietal impacts of SG technologies with low TRL. 

6.2. ESGRIDS expected contributions 

When explicitly asked about barriers for the market uptake of tech-
nologies, researchers highlighted economic, regulatory, technical, and 
social barriers (Table 5), among which: high costs of storage systems, 
reduced battery autonomy and lifetime, lack of adequate infrastructure 
and business models, specificity of different distribution areas, lack of 
industry and market regulation standards, privacy issues, time- 
requirements for technology use, and consumers’ unwillingness to 
participate. Particularly, end-users’ perception and unwillingness to 
participate were identified as obstacles to develop the technology for DR 
in the distribution and transmission level, Raspberry Pi, and semi-
vectorial bi-level programming approach for defining pricing schemes. 
Even though technical barriers are key, normative and governance as-
pects should not be overlooked as they remain great obstacles for the 
implementation of alternative pathways and associated technologies 
[80]. 

The social acceptance of SG technologies and demand-side measures 
has been already mentioned in the literature as key aspects to consider 
when evaluating their inclusion in power systems [18,81]. However, 
Kim et al. [82] also referred to the uncertainties in public-related issues 
with respect to energy and to the challenges of considering public 
perception into plans and policies. Although privacy-related issues 
related to data use have been already linked to SG [12,27], they are 
commonly absent from analysis presented in research papers [30], being 
less evaluated than cyber security, a topic that researchers did not 
mention as a barrier. Additionally, the time required for concluding a 
complete charging process through the EV battery charging system 
developed can be a balancing factor for technological uptake. As 

Öhrlund et al. [83] observed, consumers are more likely to engage in 
new behaviours when required changes do not cause any inconvenience, 
i.e., limit users’ time flexibility. Summed to social barriers, the deploy-
ment of these pricing schemes and DR technology requires market 
changes and infrastructure investments [21], as noted by researchers in 
Table 5. 

Regarding contributions, time-based electricity pricing for DR pro-
grammes would contribute to reducing GHG emissions and fossil fuels, 
whereas programming approaches to pricing schemes would reduce 
energy use and increase energy efficiency by influencing an hourly 
profile of electricity use. These aspects are in accordance with the 
literature since these pricing schemes are expected to promote elec-
tricity consumption in off-peak times, encourage investment in RES 
[84], and play an import role on cost and emissions reduction [85] and 
fossil fuel requirements [86]. Other ESGRIDS technologies are expected 
to technically contribute mainly to RES generation, power systems 
quality and efficiency, energy efficiency, and peak-load shaving profile. 
In societal terms, Raspberry Pi would reduce electricity prices and the 
Distributed Optimal Power Flow model would improve the grid per-
formance, whereas DR in the distribution level could increase customer 
satisfaction by lowering the electricity bill with jeopardizing comfort. 
These aspects have been also referred to in the literature on SG potential 
benefits (e.g., customer satisfaction [18,45], quality [17], electricity 
prices [17,27,87]). Nevertheless, SGs are not always linked to positive 
impacts on electricity prices as shown by Milchram et al. [27]. In the UK, 
for instance, energy suppliers pass the cost of SG investments to cus-
tomers by raising energy prices [27]. 

Increased customer participation was mentioned for the technolo-
gies: DR in transmission level, Distributed Optimal Power Flow, Semi-
vectorial bi-level programming, Raspberry Pi, EV Battery Charging 
System, and UPQC-RES-ESS. Actually, promoting the active participa-
tion of end-users in market and grid operations is one of the main ob-
jectives of SG-related projects [22,28,45]. Also, employment is a key 
aspect of fair and people-centred transitions [88,89], which has been 
referred to as a potential contribution of six out of the eight ESGRIDS 
technologies. Nevertheless, most of the mentioned job opportunities 
would be for skilled labour, which is a critical aspect for unemployment 
rates resulting from the energy transition [89]. 

These considerations about researchers’ perceived barriers for 
ESGRIDS technologies market uptake and their expected contributions 
show a lack of uniformity and, once again, the role individual percep-
tions and organizational contexts play when assessing future societal 
aspects [11]. Diverging perspectives presented in the literature con-
cerning the societal benefits of SG technologies can be also seen because 

Fig. 2. Average value of KPIs for the eight most relevant ESGRIDS technologies.  
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Table 5 
Barriers and expected contribution of ESGRIDS technologies.  

Technologies/Outputs Barriers Expected contributions 

DR in the transmission 
level 

- Lack of compatibility of 
the structure with the 
market regulation. 
- Low interest of end-users 
to participate in DR 
programmes. 

-Creation of new structure 
to operate smart grids.  
- Decrease of electricity 

price through peak load 
shaving and reduced 
congestion of 
transmission lines.  

- Creation of jobs through 
the development of a DR 
aggregator that requires 
skilled professionals. 

-Reduction of pollution by 
reducing thermal power 
plants use. 
-Improvement of DR, 
usually much cheaper 
than using thermal power 
plants, also considering 
environmental 
externalities. 
-Improvement of RES 
usage and better dealing 
with uncertainty and 
therefore significantly 
reducing emissions. 
-Increase of the feasibility 
of scheduling RES 
production. 
-Improvement of customer 
participation in the 
electricity market. 

DR in the distribution 
level-  

RES forecasting -Lack of a new business 
model for renewable 
energy forecasting. 
-Lack of policies for data 
sharing. 

-Improvement of accuracy 
of RES forecasting, with a 
positive impact in 
predictive management. 
-Decrease of the financial 
risk associated with this 
technology and the 
levelised cost of energy 
(LCOE) of solar and wind 
power technologies. 
-Creation of opportunities 
for technology 
exploitation by a start-up 
company in data science 
(skilled jobs). 
-Increasing RES use in the 
power system and 
reducing emissions. 

Distributed Optimal 
Power Flow 

-Inadequate infrastructure 
in terms of ICT and 
computational resources 
at secondary substation 
level. 
-Lack of mechanisms for 
trading flexibility at the 
distribution grid level. 

-Improvement of 
flexibility from distributed 
energy resources when 
combined with smart 
meters and a distribution 
transformer controller. 
-Increase of RES 
integration and emissions 
reduction. 
-Improvement on DSO 
ability to plan and activate 
demand-side flexibility, 
thus fostering consumer 
participation. 

Semivectorial bi-level 
programming 
approach for 
defining pricing 
schemes 

-Unwillingness of 
consumers to share 
electricity consumption 
data. 
-Lack of adequate 
regulatory framework. 

-Improvement of retailers’ 
potential to increase their 
profits and end-users to 
lower their energy costs; 
-Reduction of imported 
fossil fuels fired and 
promote the efficient use 
of other energy resources 
by inducing off-peak con-
sumption, thus lowering 
emissions;  

Table 5 (continued ) 

Technologies/Outputs Barriers Expected contributions 

-Increase the share of RES 
by better accommodating 
supply and demand 
through price signals; 
-Improvement on the 
information of the benefits 
of DR programs and 
motivating retailers and 
end-users to participate; 

Raspberry Pi -End-user’s unwillingness 
to accept more complex 
electricity pricing schemes 
and the automated control 
of key appliances. 
-Lack of industry 
standards for appliance 
communications and 
controls. 

-Demonstration of an 
automated home energy 
management system’s 
feasibility using low-cost 
off-the-shelf components 
and customized software. 
-Promotion of energy 
efficiency, energy cost 
reduction and energy 
imports. 
-Increase the penetration 
of RES by optimizing the 
integrated use of energy 
resources. 
-Creation of jobs around 
new business 
opportunities. 
-Promotion of end-users to 
effective participation in 
electricity markets. 

EV battery charging 
system 

-Reduced EV autonomy 
because of battery 
limitations. 
-Time required to 
conclude a complete 
charging process. 

- Improvement of power 
quality for the grid side 
and energy efficiency. 
- Promotion of economic 
growth through new 
opportunities for 
companies in the energy 
and automotive sector. 
-Creation of jobs in the EV- 
related, power electronics, 
and ICT industries. 
-Reduction of emissions, 
especially when batteries 
are charged with 
electricity from RES. 
-Contribution to grid 
flexibility, RES 
integration, and 
consumers’ participation 
in the electricity market. 

UPQC-RES-ESS -High costs and reduced 
lifetime of batteries. 

-More efficient energy 
management as local 
storage can increase RE 
generation and decrease 
losses in energy 
transmission and 
distribution networks. 
-Promotion of an active 
participation of 
consumers in energy 
markets. 
-Increase of job 
opportunities (skilled 
labour) for installation 
and maintenance of the 
UPQC-RES-ESS. In case of 
local manufacturing, local 
employment and eco-
nomic growth can be 
promoted. 
-Lower emissions at 
energy generation, but 
manufacturing and 
materials recycling can 
also produce emissions.  
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of the low TRL of many technologies in the field and the associated 
uncertainty. Furthermore, time remains a critical aspect when assessing 
research impacts [38]. In terms of attribution [40], the joint develop-
ment of numerous technologies, changes in governance, consumers’ 
roles, infrastructure, and regulations associated with the energy transi-
tion will make the process of measuring the impacts of single projects 
even more challenging. 

6.3. Technologies roadmap 

This section presents a time-based technology roadmap to frame 
technologies with low TRL and summarises barriers and potential con-
tributions identified by participant researchers. The technology road-
map designed was based on eight new technologies developed in the 
ESGRIDS project. Fig. 3 displays the proposed roadmap as a time-based 
chart divided into three main time segments: on-going, after, and long- 
term. The long-term impacts reflect the expected contributions of the 
project. These impacts will depend on the effective dissemination/ 
commercialization of the technologies developed, which still require 
overcoming techno-economic barriers and the creation of a suitable 
regulatory framework to allow SG technologies to become effective 
[90]. Therefore, given the low TRL, the proposed roadmap is focused on 
the on-going layer. As these technologies will reach higher maturity 
levels and policy frameworks evolve, the linkage between technology 
development, products and market layers will become more evident and 
will provide further insight to update and improve the roadmap and 
better assess the impact of SG technologies development on society. 

7. Conclusion 

This research evaluated the publicly funded R&D project ESGRIDS 
and the potential societal impact of its outputs. The team members were 
asked to select what they considered to be their two most relevant 
outputs based on the TRL and elicit their main barriers and contributions 
to society. Among the main findings, this research has highlighted the 
challenges of identifying societal impacts of technologies with low TRL. 
First, in comparison to economic, environmental, and technical KPIs, 

societal performance indicators had the lowest relevance for the eight 
technologies evaluated. This can be a result of their low technological 
maturity and the need to overcome technical barriers before field trial 
and actual implementation. It was also recognized that researchers’ 
individual perception and organisational context played a significant 
role in ranking performance indicators and identifying technologies 
contributions. This highlights the need for a standardised methodology 
to infer expected contributions of low-TRL technologies that goes 
beyond internal perceptions and stakeholders’ expectations. This be-
comes even more relevant for the case of ex-ante assessment of R&D 
projects and their pursuit of funding. 

For the technology roadmap, the designed pathway summarises the 
ESGRIDS project results and potential impacts based on the researchers’ 
perspectives. However, it does not attempt to be a definitive picture and 
should be seen as a departing point that must be improved and further 
detailed for each one of the technologies. ESGRIDS technologies can 
contribute to SG developments, but several aspects should not be 
overlooked to ensure its effective transition to the commercial phase. 
These aspects include the need for additional developments in related 
technologies, assets or models (e.g., battery development, new weather 
forecasting models or additional grid switching devices), possible 
changes on the market organization and regulation (e.g., communica-
tion standards, data management policies and national and European 
electricity market regulation), and the involvement of consumers to 
ensure social acceptance of the technologies (e.g., assessment of con-
sumers’ willingness to participate, their needs, concerns and motivating 
factors). 

Among the main limitations of this research, we underscore the lack 
of a unified methodology to elicit researchers’ answers to the ques-
tionnaire, including the realization of prior meetings with all four 
research teams. Nevertheless, this supported the need for a standard 
approach to elicit potential contributions of SG technologies with low 
TRL that can consider the different backgrounds of research teams. The 
selection of one single set of indicators for all technologies, which could 
have been tailored to the technologies purpose, can be also seen as a 
limitation, Nevertheless, the selected KPIs referred to the most 
commonly discussed topics in the literature and were representative of 

Fig. 3. ESGRIDS technologies roadmap.  
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SG technologies main aspects. 
Therefore, the authors recognise future research opportunities 

related to the development of a robust method not only to assess real 
societal impacts of research considering differences between research 
fields [10][2] but also forecast them in the scope of R&D projects 
developing low TRL SG technologies. We also suggest the inclusion of 
the actors that are expected to be affected by technologies uptake in the 
process. Moreover, given the low TRL of ESGRIDS technology, their 
monitoring over time can provide insights as ways to manage innovation 
and achieve commercial stages. As for the technology roadmap, it can be 
used to help dealing with the challenging task of forecasting impacts of 
technologies with low TRL and give a time-based perspective over 
technologies development and deployment. The roadmap can be further 
detailed and improved once higher TRLs are achieved, and participative 
methods are used to gather information about barriers and future 
impacts. 
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Appendix A. Questionnaire 1  

Table A.1 
Please indicate the name of the Technology / Output developed by your research team on project ESGRIDS, the classification (mark with X the 
most suitable one) and provide a brief description. Copy this table and fill it for each of the technologies/outputs which were developed on 
project ESGRIDS.  

Technology/Output Classification 

Name Prototype Models Patents Computational applications 
Please make a brief description of the technology/output (not e 

xceeding 250 words):   

Table A.2 
Please select the two most relevant technologies/outputs and indicate which are the expected contributions for the technologies/outputs indicated in Table A.1  

Technology/Output name: 

Target user of the technology Benefits of the technology Novelty of the technology Expected TRL at the end of ESGRIDS (see Annex A.1) 
Technology/Output name: 
Target user of the technology Benefits of the technology Novelty of the technology Expected TRL at the end of ESGRIDS (see Annex A.1) 

Note: If the technologies are already described in scientific articles please indicate the references.  

Annex A.1 

HORIZON 2020 – WORK PROGRAMME 2014-2015 
Technology readiness levels (TRL) 
Where a topic description refers to a TRL, the following definitions apply, unless otherwise specified:  

• TRL 1 – basic principles observed  
• TRL 2 – technology concept formulated  
• TRL 3 – experimental proof of concept  
• TRL 4 – technology validated in lab  
• TRL 5 – technology validated in relevant environment (industrially relevant environment in the case of key enabling technologies)  
• TRL 6 – technology demonstrated in relevant environment (industrially relevant environment in the case of key enabling technologies)  
• TRL 7 – system prototype demonstration in operational environment  
• TRL 8 – system complete and qualified  
• TRL 9 – actual system proven in operational environment (competitive manufacturing in the case of key enabling technologies; or in space) 
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Appendix B. Questionnaire 2  

Table B.1 
Please indicate the selected technologies for further analysis.  

Technologies Classification Expected TRL at the end of ESGRIDs 

1)   
2)     

Part I – Closed questions  

Table B.2 
- Please indicate your agreement on the importance of each indicator for the assessment of technology/ output indicated in Table B1. Mark with X the most suitable 
score.  

Keys Performance Indicators (KPI) 1 2 3 4 5 The definition of Key Performance Indictors (KPIs) 

Social indicators 
Customer satisfaction ☐ ☐ ☐ ☐ ☐ Increase of the consumer satisfaction with their energy supplier 
Consumers’ participation ☐ ☐ ☐ ☐ ☐ Increase of consumers participation in demand-side management programs 
Fraud detection ☐ ☐ ☐ ☐ ☐ Improvement of fraud detection on the electric sector 
Employment rate ☐ ☐ ☐ ☐ ☐ Increase of the employment rate 
Environmental indicators 
Greenhouse gas emission ☐ ☐ ☐ ☐ ☐ Reduction of CO2 emissions (e.g by energy savings and renewables use) 
Energy efficiency ☐ ☐ ☐ ☐ ☐ Improvement of the energy efficiency of an electric appliance 
Fossil fuel use ☐ ☐ ☐ ☐ ☐ Reduction of the use of fossil fuels 
Economic indicators 
Energy imports ☐ ☐ ☐ ☐ ☐ Reduction of energy imports from outside Europe 
Energy cost ☐ ☐ ☐ ☐ ☐ Reduction of energy cost (e.g. by reducing or shifting the energy use) 
Technical factors 
Energy losses ☐ ☐ ☐ ☐ ☐ Reduction of energy losses in the distribution system 
Peak load ☐ ☐ ☐ ☐ ☐ Curtailment of the peak by load-shift or load-shedding 
Renewable energy ☐ ☐ ☐ ☐ ☐ Increase of the share of renewable energy in the generation of electricity 
Energy use ☐ ☐ ☐ ☐ ☐ Reduction of energy use in different sectors (e.g. residential and industrial sector) 
Electric vehicles integration ☐ ☐ ☐ ☐ ☐ Increase the number of electric vehicles in circulation over time 
Distributed generation integration ☐ ☐ ☐ ☐ ☐ Increase the production of energy in a small and decentralized scale 
Quality of energy supply ☐ ☐ ☐ ☐ ☐ Improvement in quality of service for the consumers 
Demand response (DR) uptake ☐ ☐ ☐ ☐ ☐ Increased acceptance of DR programs by the consumers and/or market operators 
Accuracy of energy supply and demand prediction ☐ ☐ ☐ ☐ ☐ Increase accuracy of the systems (reduction of the demand and/or supply forecast error) 
Energy storage development ☐ ☐ ☐ ☐ ☐ Development and increase on the use of storage technology 

Note: The agreement is measured by a 5-level Likert scale with 1 “Not important at all”; 2 “Not necessarily important”; 3 “Important sometimes”; 4 “Important”; 5 
“Extremely important”. 

Part II – Open questions  

1) Can you anticipate barriers for the market uptake of the model/technology (ex: technical; social; regulation; legal etc.)?  
2) What is the contribution of this model/technology for fostering the smart grid technologies?  
3) How will this model/technology contribute to boosting economic growth at the local, regional and national level?  
4) Does the deployment of this model/technology have a beneficial impact on the growth and creation of new jobs? Please justify.  
5) What will be the environmental benefits from the deployment of this model/technology?  
6) Does this model/technology encourage the use of low cost and low carbon technologies? Please justify.  
7) How can the deployment of this model/technology contribute to increasing renewables share in the electricity market?  
8) Does this model/technology contribute to the active involvement of the consumers in the electricity market? (ex: demand response programs and 

electric mobility)  
9) How can this model/technology contribute to support energy policy decision making? 
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[9] R. Flecha, M. Soler-Gallart, T. Sordé, Europe must fund social sciences, Nature 528 
(2015), https://doi.org/10.1038/528193d, 193–193. 

[10] G. Sivertsen, I. Meijer, Normal versus extraordinary societal impact: how to 
understand, evaluate, and improve research activities in their relations to society? 
Res. Eval. 29 (2020) 66–70, https://doi.org/10.1093/RESEVAL/RVZ032. 

P. Ferreira et al.                                                                                                                                                                                                                                 

http://uis.unesco.org/
http://uis.unesco.org/
https://doi.org/10.1057/palcomms.2016.73
https://doi.org/10.1016/j.techsoc.2021.101574
https://doi.org/10.1016/j.techsoc.2021.101574
http://refhub.elsevier.com/S0160-791X(22)00305-0/sref4
http://refhub.elsevier.com/S0160-791X(22)00305-0/sref4
https://doi.org/10.1093/reseval/rvab002
http://www.siampi.eu/Content/SIAMPI_Final%20report.pdf
https://doi.org/10.1332/174426422X16419160905358
http://www.health-policy-systems.com/content/10/1/21%5Cnhttp://ovidsp.ovid.com/ovidweb.cgi?T=JS&amp;PAGE=reference&amp;D=emed10&amp;NEWS=N&amp;AN=2012495258
http://www.health-policy-systems.com/content/10/1/21%5Cnhttp://ovidsp.ovid.com/ovidweb.cgi?T=JS&amp;PAGE=reference&amp;D=emed10&amp;NEWS=N&amp;AN=2012495258
http://www.health-policy-systems.com/content/10/1/21%5Cnhttp://ovidsp.ovid.com/ovidweb.cgi?T=JS&amp;PAGE=reference&amp;D=emed10&amp;NEWS=N&amp;AN=2012495258
https://doi.org/10.1038/528193d
https://doi.org/10.1093/RESEVAL/RVZ032


Technology in Society 72 (2023) 102164

12

[11] B. Fecher, M. Hebing, How do researchers approach societal impact? PLoS One 16 
(2021) 1–20, https://doi.org/10.1371/journal.pone.0254006. 

[12] A. Gupta, A. Deokar, L. Iyer, R. Sharda, D. Schrader, Big data & analytics for 
societal impact: recent research and trends, Inf. Syst. Front 20 (2018) 185–194, 
https://doi.org/10.1007/s10796-018-9846-7. 

[13] L. Bornmann, W. Marx, How should the societal impact of research be generated 
and measured? A proposal for a simple and practicable approach to allow 
interdisciplinary comparisons, Scientometrics 98 (2014) 211–219, https://doi.org/ 
10.1007/s11192-013-1020-x. 

[14] J.P. Lauronen, The dilemmas and uncertainties in assessing the societal impact of 
research, Sci. Publ. Pol. 47 (2020) 207–218, https://doi.org/10.1093/scipol/ 
scz059. 

[15] L. Bornmann, Measuring the societal impact of research. Research is less and less 
assessed on scientific impact alone-we should aim to quantify the increasingly 
important contributions of science to society, EMBO Rep. 13 (2012) 673–676, 
https://doi.org/10.1038/embor.2012.99. 

[16] United Nations, Transforming Our World: the 2030, Agenda for Sustainable 
Development, New York, 2015. 

[17] M.A. Ponce-Jara, E. Ruiz, R. Gil, E. Sancristóbal, C. Pérez-Molina, M. Castro, Smart 
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