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United Nations Sustainable Development Goals (UN SDGs) are becoming an increasingly
important theme for researchers in multiple fields to investigate. In this paper, we look at how a
group of 40 experts from academia and the mobile communications industry identified ways in
which future 6th generation (6G) mobile communications is linked with the UN SDGs while
writing a white paper on the topic. In this paper, building on the methodology of critical
participatory action research, we look into the detailed operations of the expert group, offer a new
way to look at the 6G development process guided by the UN SDGs and describe the linking
process for the UN SDGs and 6G in a way that may guide other researchers in similar endeavors.
We also present initial outcomes of the linking process that led to the white paper published in
2020 (Matinmikko-Blue et al., 2020). The aim of this research is to identify and formulate a
process to recognise the connection between UN SDGs and 6G.

1. Introduction
Information and communication technologies (ICTs) play a key role in driving societies towards the achievement of the United
Nations Sustainable Development Goals (UN SDGs) that were introduced in Agenda 2030 (UN, 2015). Agenda 2030 for sustainable
development includes 17 goals covering the biggest threats facing the world. The agenda itself together with 169 specific targets and
232 unique indicators forms an action plan for achieving the goals. The goals address important global challenges including climate
change, poverty, hunger, and inequality, among others. The UN SDGs also represent a high-level guideline for governments, companies
and other organizations to plan their future strategies. The mobile communication sector has assessed its role in the UN SDG
framework and identified how the deployment of infrastructure and networks, availability of access and connectivity, and enabling of
services and relevant content play an important role in meeting the UN SDGs, including International Telecommunication Union (ITU,
2020a), ITU/UNESCO Broadband Commission for Sustainable Development (Broadband Commission, 2019), Institute of Electrical and
Electronics Engineers (IEEE), Global System for Mobile Communications Association (GSMA, 2018; GSMA, 2019), and some com
panies to name a few.
Most recently, the mobile communications community, including its latest research towards beyond 5G and future 6G systems, has
concluded that all the UN SDGs are important targets for the future 6G networks to address, see the world’s first 6G white paper by 6G
Flagship (Latva-aho & Leppänen, 2019, p. 5, p. 5). 6G networks that are currently in the early research phase target the year 2030, the
same year the UN SDGs should be achieved. Future 6G networks are expected to combine traditional communication service with a
variety of other services, such as sensing, imaging and highly accurate positioning (Latva-aho & Leppänen, 2019). The white paper also
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outlined societal and business drivers for 6G, emphasizing the role of UN SDGs being the key driver for 6G. In a set of 12 follow up 6G
White Papers from the 6G Flagship, the following themes were studied in more detail for 6G: UN SDGs; business scenarios; validation
and trials; remote area connectivity; networking; machine learning; edge intelligence; trust, security and privacy; broadband con
nectivity; machine-type communications; localization and sensing; and RF aspects. Sustainability is a cross-cutting theme in 6G and
will lead to novel business scenarios as outlined in (Yrjölä et al., 2020a,b).
While there is prior work on linking ICT and, more specifically, mobile communications with the UN SDGs in, e.g. (GSMA, 2018;
Broadband Commission, 2019; GSMA, 2019; Huawei, 2019; ITU, 2020a; ITU, 2020b), at the time of the white paper process in 2020,
there was no comprehensive framework for building a link between the development of a whole new technology, such as the 6G, to the
UN SDGs. Whereas some might question why not concentrate on the connection between 5G and the UN SDGs as the 5G development is
still ongoing with open policy issues (see Frias & Perez Martinez, 2018), it can be argued that the momentum has already passed, and if
it is not seized now for 6G, its development will be technology-first, just like it has been in 5G.
At the beginning of 2020, 12 expert groups were established in conjunction with the 6G Wireless Summit 2020 organised by the
University of Oulu 6G Flagship research programme. One expert group was tasked with finding linkages between 6G and the UN SDGs
as a continuation of the first 6G white paper (Latva-aho et al., 2019). The SDGs were chosen because they represent an institutionalised
tool for sustainability. While the SDGs are not the only way to approach sustainability (see Joshi, Venkatachalam, & Jawahir, 2006;
Rockstrom et al., 2009; Raworth, 2017; Elkington, 1998; EC, 2018 to name a few), it was decided that due to limited time, the white
paper working group would concentrate on them, as they represent a rather clear, goal oriented form of governing sustainability
(Biermann et al., 2017). In this paper, we look at the birth process of the white paper on 6G drivers and UN SDGs (Matinmikko-Blue
et al., 2020). We will describe the linking process in a way that can guide others in similar endeavors and offer a new way to look at the
6G development process guided by the UN SDGs. The aim of this research is to identify and formulate a process based on the meth
odology of critical participatory action research to recognise the connection between UN SDGs and 6G. The authors of this paper were
part of the white paper expert group as well as editors, thus functioning both as active participants and facilitating observants.
This paper is organised as follows: Chapter 2 briefly presents the UN SDGs and how they have been approached so far in ICT and,
more specifically, in the mobile communication society. Chapter 3 gives account of the research methodology and in chapter 4 the
actual linking process is described. Chapter 5 discusses the identified challenges and success factors, and finally, in chapter 6, con
clusions on the linking process based on the methodology of critical participatory action research are drawn.

Fig. 1. UN SDGs and other sustainability approaches.
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2. Background
Before attempting to come up with a vision of how future 6G systems should be developed to tackle global challenges presented in
the UN SDGs framework, it is important to understand what the state of the art is in terms of the connection between the UN SDGs and
the telecommunications society. This chapter presents the relevant previous work on UN SDGs from the perspective of ICT and
especially mobile communications, which also served as the starting point of the white paper process. In this chapter, we go through
previous work done in this field. We leave out the 6G white paper outcomes as they can be read in the white paper itself (Mat
inmikko-Blue et al., 2020). We do, however, present initial outcomes of the mapping process that are now elaborated as the outcomes
in the white paper (Matinmikko-Blue et al., 2020).
2.1. Overview of the UN SDG framework
The world is facing global challenges that require immediate action, such as growing inequality and climate change. The key to
overcome the challenges is sustainable development which has been defined as “development that meets the needs of the present without
compromising the ability of future generations to meet their own needs” (UN, 2020a). To tackle the challenges, all United Nations member
states adopted the UN SDGs as a part of the Agenda 2030 in 2015 (UN, 2015). The Agenda aims to overcome major societal hurdles
such as inequality, poverty, hunger and climate change, and invites all levels and actors of society to take part in tackling them, from
governments and international organizations to grassroot-level groups and individuals. The Agenda is formed around “5 Ps”: People,
Planet, Prosperity, Peace and Partnership. The goals and targets set out “a supremely ambitious and transformational vision” (UN, 2015).
The UN has set altogether 169 targets for the 17 sustainable development goals and follow the progress with a set of 232 individual
indicators.
While the UN SDGs are not the only way to approach sustainability (see Fig. 1), it was decided that due to limited time, the white
paper working group would concentrate on them, as they represent a rather clear, goal-oriented form of governing sustainability
(Biermann et al., 2017). Concentrating on individual goals and targets and following their progress is not enough, because advancing
one goal might inadvertently hinder the progress of another. By prioritizing individual goals, there is a risk of unbalanced attention
given to the SDGs (Forestier & Kim, 2020a, 2020b). To battle this issue, the UN Global Sustainable Development Report 2019 (UN,
2019b) introduced six cross-cutting factors (“entry-points”) to mitigate the risks that may lie in advancing one goal at the cost of
another:
•
•
•
•
•
•

Strengthening human well-being and capabilities;
Shifting towards sustainable and just economies;
Building sustainable food systems and healthy nutrition patterns;
Achieving energy decarbonization and universal access to energy;
Promoting sustainable urban and peri-urban development; and
Securing the global environmental commons.

The entry points are factors that concern all the UN SDGs and should be considered in all activities aiming to fulfil the SDGs. The
rationale for highlighting these factors is that progress on all the UN SDGs “will only be achieved if important trade-offs are addressed and
transformed” (UN, 2019b). Lucivero et al. (2020) similarly call for a more holistic approach so trade-offs can be negotiated. While the
UN SDGs present a welcome approach by setting concrete goals to achieve sustainability, it does have its limitations. Biermann et al.
(2017) point out e.g. that the goals are largely detached from the international legal system; hence they are not legally binding.
Eisenmenger et al. (2020) criticize the goals for prioritizing economic growth over sustainable resource use, and likewise Wiedmann
et al. (2020) questions for them to be coupled with GDP growth (SDG 8), which in fact contradicts some of the SDGs (e.g. SDG 12 and
13).
Several international organizations and some research institutes have published reports on the UN SDGs such as OECD (OECD,
2019a; OECD, 2019b), The United Nations (UN, 2018; UN, 2019), European Commission (European Commission, 2019a), World Bank
(World Bank, 2019), the International Organisation for Standardisation (ISO, 2018a, 2018b), International Electrotechnical Com
mission (IEC, 2020), and International Institute for Applied Systems Analysis (IIASA, 2019) (TTWI 2050) to name a few. The 2030
Agenda calls each for the UN member states to decide how UN SDGs and targets should be incorporated into national planning
processes, policies and strategies. Chimhowu, DavidHulme, and Munro (2019) analysed 107 national development plans, and their
implications for the sustainable development agenda. Almost all plans, whether national or EU-level, mention climate change and the
uncertainty it creates as a risk that must be taken into account. Similarly, the UN SDGs are referred to in the newer plans focusing
particularly on social and human development issues. To conclude, it can be said that the UN SDGs have become an integral part of
national-level policies.
2.2. ICT sector and the UN SDGs
The ICT sector and more specifically mobile communication sector’s linkage to the UN SDGs is many-fold, and the previous reports
and publications range from general to more specific recommendations. Reports have been made by the UN (UN, 2020b) but mainly by
the community itself, including International Telecommunication Union (ITU, 2020a; ITU, 2020b), ITU/UNESCO Broadband Com
mission for Sustainable Development (Broadband Commission, 2019), Institute of Electrical and Electronics Engineers (IEEE), Global
3
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System for Mobile Communications Association (GSMA, 2018; GSMA, 2019) to name a few as well as different companies (Huawei,
2019).
Mobile communications can contribute to the achievement of the UN SDGs by offering infrastructure and access to digital services
that will result in growth, efficiency and sustainability (ITU; GSMA, 2018). This is particularly true for economies where existing
services are limited or existing service infrastructure is poor. Digitalization in general can create new opportunities and services, such
as micro-banking and micro-energy grids to name a few. The core principle of the Agenda 2030 is to “leave no one behind”, and mobile
technologies are the core for connectivity and internet access (UN, 2019a). Universal access to information is recognized as a crucial
factor to achieve the UN SDGs.
Matthews, Stamford, and Shapira (2019 2019) introduce a framework for Constructive Sustainability Assessment (CSA) that en
ables the application of sustainability assessments to emerging technologies as part of a broader deliberative approach. They distin
guish two levels of environmental impacts from ICT, on the one hand related to the life cycle of ICT hardware and on the other related
to the way the ICT applications are being used. This is aligned with the view of Higón, Gholami, and Shirazi (2017) and Belkhir and
Elmeligi (2018), p17 that while ICT is often seen as a way to reduce CO2 emissions on a global scale by developing smarter cities,
transportation, electrical grids to e.g. save energy, it is a significant source contributing to the increasing levels of CO2 emissions
through the production of devices and as a source of electronic waste.
Only 7 out of the 232 indicators defined in the UN SDG framework (UN, 2018) address ICT. However, the connection between the
ICT sector and the UN SDGs is deeper, and the extent to which ICT can contribute to the UN SDGs in terms of understanding the scope
and possibilities within the UN SDG framework is somewhat limited. Most of the existing linkage is very general, such as the number of
cell phone users in a given region.
Prior scientific research on the linkage between digitalization in general and the UN SDGs in (Van der Velden, 2018) has identified
that the ICTs are specifically mentioned in SDGs 4, 5, 9, and 17, where the enabling and empowering role of ICTs is emphasized. On the
other hand, the SDGs that were identified to address the need for sustainable ICT included SDGs 8 and 12. Other researchers (Wu et al.,
2018) have identified that ICTs, in fact, are the key catalysts to the achievement of all 17 SDGs. They also highlight the need to pay
attention to less obvious SDGs, including 5, 10, and 16. Authors in Tjoa and Tjoa (2016) stress the importance of ICT in meeting the
SDGs and claim that “sustainability” should be self-evident for every ICT professional. Hilty and Aebischer (2015) even attempt to
bring together the fundamental ideas and methods of ICT for Sustainability as a field of study. They offer a comprehensive overview of
research fields relating ICT to sustainability (e.g. Green IT/ICT and ICT for sustainability), the main methods such as for example
empirical methods, scenario building, modeling and simulation, and their contribution to sustainable development, including reducing
ICT-induced energy and material flows and using ICT as a transformative technology. Martinuzzi et al. (2018) discuss Responsible
Research and Innovation (RRI) as a concept to be taken into account to stay competitive but at the same time maintaining public trust
in industry through innovations that put social value before economic returns. Inclusion of sustainability requires auditable standards
and best practices on internal sustainability controls as well as performance indicators. While previous work (Van der Velden, 208;
Tjoa & Tjoa, 2016; Wu et al., 2018) has been done on linking ICT with sustainable development goals, new linkages to sustainability
from a more holistic approach should be developed to fully achieve the potential mobile communications and more specifically 6G can
have towards 2030. Clearly the negative effects of the new technology have to be addressed properly.
3. Research methodology
Next, we proceed to dive deeper into the birth process of the white paper on 6G drivers and the UN SDGs (Matinmikko-Blue et al.,
2020) by presenting our methodology for the linking process for 6G and the UN SDGs.
Our choice of methodology leans on three observations. Firstly, we are witnessing a major digital transformation. According to a
recent report The World in 2050 (TWI 2050) IIASA, 2019), the transformation can be compared to Renaissance that revolutionised
European societies by e.g. introducing the printing press, thus creating a communication revolution. While we are amidst this major
change, global grand challenges demand us to redefine our relationship with the planetary systems. The most recent period in earth’s
history defined by the significant impacts that human activity has started to have on the planet’s climate and ecosystems is called
Anthropocene. TWI2050 report (IIASA, 2019) introduces the current era as the digital Anthropocene, an era where humans start to
transform themselves, enhancing cognitive and brain capacities, thinking about how to program brains and how to enhance human
capacities. Just like the printing press in the Renaissance, the digital revolution we are facing now will produce a new virtual, global,
just-in-time communication revolution (IIASA, 2019). 6G is envisaged to transform key aspects of the human condition in terms of
physical, digital and biological universe of experience (Ziegler & Yrjölä, 2020). Secondly, in Agenda 2030, the UN calls on all sectors of
society to mobilize for a decade of action on three levels: “global action to secure greater leadership, more resources and smarter
solutions for the Sustainable Development Goals; local action embedding the needed transitions in the policies, budgets, institutions
and regulatory frameworks of governments, cities and local authorities; and people action, including by youth, civil society, the media,
the private sector, unions, academia and other stakeholders, to generate an unstoppable movement pushing for the required trans
formations”. Thirdly, to get everybody on board calls for broad motivation. Mees (2020) argues that if institutions want to propose
policies aimed at improving the conditions for sustainable action, they must understand the motivational problems for sustainable
action encountered by the individual. It is in the end very much up to the individual agent to fulfil the sustainability strategy of an
organisation. IIASA (2019) points out that in order to reach broad public legitimacy, investments in drivers of motivational change
must be made: we need to create normative triggers, demonstrate success and create attractive future narratives. This calls for
interdisciplinary, co-creative actions.
In this paper, we look at the actual working process of finding the possible linkages between 6G and the UN SDGs through the lens
4

Telecommunications Policy 46 (2022) 102283

K. Ojutkangas et al.

of critical participatory action research (CPAR) and the self-reflective spiral. We take the main notions of CPAR and use the self-reflective
spiral introduced by Kemmis and McTaggart (1988) to structure the linking process and its main give-aways. In order to understand the
concept of critical participatory action research (CPAR), we need to briefly explain the concept of participatory action research (PAR).
PAR is a method where people collectively commit to investigate an issue or a problem and have a desire to engage in self- and
collective reflection leading to useful solutions benefitting all people involved. It is about building alliances between researchers and
participants involved in each phase of the process (McIntyre, 2008). PAR has been used in research for decades. The topics of research
projects where PAR has been applied vary from adult education to water sanitation programmes including a wide range of social and
community issues.
According to Kurt Lewin, said to be the developer of PAR, people will automatically improve their conditions while they start
examining their realities (Lewin, 1946). Lewin developed the Action Research Cycle that neatly categorizes action research as group
activity where certain steps, namely plan, action, observation and reflection, follow each other in a continuous cycle. Action research
has been used previously in similar context as ours, for example in defining Business Models for Local 5G Micro Operators (Ahokangas
et al., 2018).
Critical participatory action research recognizes that action research itself is a social practice taking place when people, including
researchers, come together to make a change. Social activity by its nature is typically value-laden, and the self-interest even of the
researchers affect the results (Carr & Kemmis, 2004). The essence of CPAR builds around a co-creative process that relies strongly on
conversation among and empowerment of the participants, who come from various backgrounds and represent a wide variety of
perspectives, but all sharing a common interest (Kemmis et al., 2014). In CPAR, the responsibility for research is taken collectively by
people who act and research together. Also, decisions about what to do and how are taken collectively (Kemmis et al., 2014). The main
criticism Kemmis et al. (2014) presented towards the traditional participatory action research is that it aims at an ideal of objectivity,
the researcher being a disinterested observer in the process. It also recognizes that the steps presented by Lewin (1946) do not always
take place neatly in order, but the process is more fluid. Leaning on these notions of Kemmis et al. (2014), namely researcher being an
active contributor in the process (instead of an objective observer as in PAR) and the process being fluid instead of the steps of the
action research cycle taking place in subsequent order), we decided to apply the CPAR methodology in our linking process. Kemmis
and McTaggart (1988) introduced the “self-reflective spiral” based on Lewin’s action research cycle (1946), a cycle of steps of planning
a change, putting the plan into action, observing what happened, and re-formulating the plan in the light of what had happened. The
self-reflective spiral consists of the following phases:
•
•
•
•
•
•

planning a change,
acting and observing the process and consequences of the change,
reflecting on these processes and consequences, and then
re-planning,
acting and observing,
reflecting.

The cycle is repeated as many times as necessary. Kemmis et al. (2014) stated later that in reality, the process is likely to be more
fluid, open and responsive, which they also say to be one of the specific features of critical participatory action research. In the
following chapter, we describe the actual linking process reflecting it to Kemmis and McTaggart’s self-reflecting cycle while taking into
account the tenets of critical participatory action research.
4. Developing the linking process
4.1. Starting point
Building on the methodology of CPAR, we examined the process of drafting the white paper on 6G drivers and the UN SDGS in
(Matinmikko-Blue et al., 2020). We (the authors) were the facilitators and researchers but also participants in the process. This means
we not only guided and facilitated the endeavour but also observed and actively took part in the action of linking 6G with the UN SDGs.
The University of Oulu hosts an Academy of Finland funded 6G flagship focusing on the development of wireless technology, exploring
the implementation of the fifth generation of mobile communication technology (5G) and the development of the 6G system. It is one
of the leading players in the field of future mobile technologies with over 300 researchers and approximately €250 million funding over
eight years. One of the aims of the flagship’s research agenda is to both raise awareness of and facilitate the integration of sustainable
development in the research activities. An open invitation to participate in the white paper writing process was published online in
conjunction with the 6G Wireless Summit organised by the flagship beginning of 2020. There were all together 11 White Papers with
pre-defined themes to be written, one of them being 6G and the UN SDGs. Forty participants signed up for the 6G & UN SDGs expert
group representing various disciplines, industry, organizations (governmental bodies, research labs) and nationalities (at least 10
different nationalities). Industry representatives came from four major mobile communications companies (with titles ranging from
research engineer to vice-chairman of the board), researchers of various fields (wireless communications, information processing
science, business studies, humanities, computer science), from different career stages, from four different continents, two people from
governmental bodies and two from non-profit organizations (Matinmikko-Blue et al., 2020). 35% of the participants were female. Most
of the participants were experts in mobile communications related activities but not necessarily in sustainable development. There
were two participants from the Basic Internet Foundation, whose mission is to advance inclusion by providing free access to the
5
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internet and its information to all, one participant had been looking at the UN SDG indicators and their usability in rural areas, and a
few participants had been contributing the first 6G white paper (Latva-aho et al., 2019) that aligned the necessity of including the UN
SDGs in the future planning, so they were somewhat familiar with the topic. The individual motivations of the participants were not
investigated but it can be assumed that the common interest was sustainable development as there were eleven other white paper
working groups available to participate in, with topics ranging from Business of 6G to Machine Learning in 6G Wireless Communi
cation Networks and Broadband Connectivity in 6G (https://www.6gchannel.com/6g-white-papers/).
CPAR methodology leans on the premise that people participating in CPAR want to change their own social practices. According to
Carr and Kemmis (1986) practice as it is usually understood, refers to habitual or customary action. In action research practice is
informed, committed action. In other words, critically reviewing habitual or customary practices can lead to informed, committed
action. We claim that one of the customary actions in the context of mobile technologies context is to approach sustainability by
providing numeric data on the links between 6G and the UN SDGs, at least based on the examples provided by (GSMA, 2018; GSMA,
2019; ITU, 2020a; ITU, 2020b). It was also one of the main aims of this white paper group writing process initially to come up with key
performance indicators with set values. In 4.3.3 we describe the discussions that took place along the process while critically reviewing
the common practices and what resulted thereof.
If we look at the previous research done linking ICT with the UN SDGs, it is mainly based on literature reviews (Tjoa & Tjoa, 2016;
Van der Velden, 2018; Wu et al., 2018). We dare to claim that this was the first attempt to gather people from so many different fields of
research, industry and governmental bodies to a co-creative, participatory process on finding a sustainable framework for the future 6G
development.
4.2. Working methods
In the following, we describe the composition of the group and the working methods in more detail. Then we apply the selfreflective cycle to our linking process, and explain the process taking the special tenets of CPAR into account.
The work in the expert group on 6G drivers and UN SDGs was led by a nominated chairperson (one of the authors of this paper) and
done in various groups (Fig. 2): 1) The expert group consisting of all 40 participants, 2) a “support group” that consisted of the leader/
moderator of the expert group and 4 staff members of University of Oulu, including the authors of this article, and 3) groups formed by
16 chapter editors. The support group created and conducted a survey asking about participants’ views on how they thought mobile
communication is linked with the individual SDGs, collected existing data from other sources, compiled a log file and analysed the
results of both the survey and the log file along the process. The six chapter editor groups consisted of 3–6 members and their task was
to finalise the chapters based on the initial outputs collected from the expert group and align the contents with other chapters. Dividing
the expert group into smaller editor groups gave enough responsibility to everyone and ensured that the workload was manageable.
The editor groups turned out to be very multi-disciplinary, and it was, without doubt, easier to negotiate different views in smaller
groups.
The initial plan was to meet at least once in person in conjunction with the 6G Wireless Summit in Levi, Finland. However, due to
the pandemic, the summit was held online, and the white paperwork was conducted remotely as well. The contents of the white paper
were thoroughly discussed in nine remote meetings between 24 January and May 28, 2020. The chapter headings and contents were
jointly negotiated and agreed upon, and chapter editors were selected from the expert group based on their expression of interest.
Chapter editors had the freedom to decide how to best work on their chapters, but the contents of the individual chapters were gone
through in the online meetings of the expert group. This ensured that new knowledge and ideas were shared, discussed and the
contents aligned based on shared understanding.
Documents were stored and worked on in Microsoft Teams working space that all participants had access to. All contributors were

Fig. 2. Organisation of the working groups.
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asked to also store relevant publications and other contributions related to mobile communications and SDGs to Teams. We also made
notes in each meeting and kept several versions of the working white paper to be able to go through comments and edits later.
To get an idea on prior work on the linkage between ICT and UN SDGs in the research literature, a bibliometric analysis was
conducted very early on in the study. To establish the white paper working group members’ current understanding of the topic, we
conducted a survey using a Webropol online questionnaire. Before the link to the survey was distributed to the participants the
definitions and the content of the questionnaire were discussed in a remote meeting. After the questionnaire and having collected
relevant existing work a log file was prepared containing all the 17 goals, their targets and indicators and relevant prior linkages
already established. This ensured it was easy for participants to see what had already been done and add their own ideas or missing
data.
The draft white paper was available in the working space all the time to be commented and edited, and it was circulated regularly in
the expert group as well as the other white paper working groups to get feedback. Before its publication, it circulated through ca. 500
people. It was the chapter editors’ task to elaborate the feedback and make necessary edits in the text.
We reflect our linking process against the Kemmis’ and McTaggart’s self-reflective spiral (Kemmis et al., 1988) and identified the
various steps and the outcomes of each step, which we now explain first in short and then more in detail. The activities are not
presented exactly in the order as they happened, rather we tried to simplify the process grouping similar activities under one title. For
example, data collection was done continuously throughout the process.
Fig. 3 describes the workflow adjusted to the phases of the self-reflective spiral. In the following, we give a more detailed
description of the linking process.
4.3. Results
4.3.1. Planning phase (PLAN)
According to Kemmis & McTaggart’s self-reflective spiral (1988) the first stage of research is the Plan. It should be forward looking
and recognise that social action is somewhat unpredictable and therefore must be flexible. It should be critically informed and help and
empower the practitioners to act. It should enable participants to collaborate in discussion and build a language by which to analyse
and improve their understanding. The main difference to “normal” action is that here action is observed. Observation has the function
of “documenting the effects of critically informed action” (Kemmis & McTaggart, 1988). We, the authors of this papers, functioned as
observers. Our task was to plan the observation to provide a documentary for subsequent reflection and hold a journal. In addition to
notes made in each, we closely observed the log file and its use. It offered a practical tool to observe how after each meeting con
tributions to the log file increased. Also the discussions via e-mail and through the comments in the different versions of the white
paper provided food for the reflection phase.
The expert group’s first task was to establish the contents and set the common aim for the white paper. In the first online meeting
we discussed a draft plan and the table of contents created by the moderator and decided which topics should remain, be added or be
changed based on the suggestions. Also, the working and data collection methods were discussed. This phase formed the common
ground for the work and allowed the participants to reconsider whether they wanted to actively engage in the work towards the white
paper. Among topics discussed in the planning phase were the composition of the group; was it representative enough to discuss the
topic? The group was rather Eurocentric even though there were participants from Tanzania, China, India and Australia. Ideally, it
would have included participants from sustainability science and standardization organizations as well. There were different views on
the role of indicators. While others discussed the need to set numeric key performance indicators for 6G in terms of sustainability,
others emphasized more qualitative indicators to measure the quality of life and empowerment of people. It was pointed out that while
the previous contributions especially by the mobile communications industry and the standardisation bodies on the topic (GSMA,
2018; GSMA, 2019; ITU, 2020a; ITU, 2020b) have emphasized the positive effects of ICT in reaching UN SDGs, the adverse effects had
been largely neglected. Also, the need to prioritize the SDGs from the viewpoint of 6G was discussed, but this was abandoned after a
lengthy discussion that concluded in the realization that a holistic approach taking into consideration all SDGs is due. The expert group
as a whole participated in the extensive data collection phase that was started before the first kick-off and continued throughout the
whole writing process. We now briefly present the main items of the data collection, according to the self-reflective spiral the Act phase
of the process.

Fig. 3. The linking process aligned with Kemmis and McTaggart (1988) self-reflective-spiral.
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4.3.2. Data collection (ACT)
Action as meant by Kemmis and McTaggart (1988) is a critically informed variation of practice, where action is a platform for the
further development of later action. It looks back to planning but is not controlled by it. Plans for action must be flexible and open to
change. The actors aim to collect evidence about their action to be able to evaluate as they go on. In our linking process, the act phase
consisted mainly of data collection.
4.3.2.1. State of the art. We asked all participants to collect any relevant information on the linkages of ICT and SDGs from different
sources, such as standards organizations (e.g. ISO, IEC, ITU-T, ETSI …), regulatory bodies (e.g. ITU-R, CEPT); the European Union;
national governments; other institutions (e.g. WorldBank, Broadband Commission, WSIS); trade organizations (e.g. GSMA), companies
and also scientific publications. Participants also brought their individual knowledge (in forms of publications, reports etc., experi
ence) to the use of the expert group.
4.3.2.2. Questionnaire. In the beginning, we made a survey for the participants to fill in. The purpose of the questionnaire was twofold: 1) get the participants acquainted with the UN SDGs and 2) collect their inputs on which UN SDGs they thought were linked to 6G
and how. We also asked people to name five most important of these goals regarding 6G and, also, if they thought some of the goals
were irrelevant for 6G. Furthermore, we asked participants to think about possible indicators to measure the effect of mobile com
munications on the SDGs. It should be noted at this point that nobody knows what exactly 6G will be like. But we expected all par
ticipants to have an idea how it would differ from 5G and what it should enable. Before the link to the questionnaire was distributed to
the participants the definitions and the content of the questionnaire were discussed in a remote meeting, and the contents were
modified accordingly.
We received 20 answers to the questionnaire. The answers came from representatives of five different universities, one trade as
sociation, and three different telecommunication companies. 26% of the respondents were female and the rest male.
The first step was to look at the SDGs the participants of the questionnaire thought to be most important regarding 6G. The question
we asked was: (Q1) Which of these UN Sustainable development goals would you connect with mobile communication and especially
6G? You can choose as many as you wish. The 5 most often mentioned goals are summarized in Table 1.
We also asked the participants to (Q2) name five most important of these goals regarding 6G. Which goals can 6G advance the most
in your opinion? The results to this question are presented in Table 2.
The five most important goals (Q2) were in line with the “most important” goals (Q1) that the respondents mentioned. The only
difference was that when asking for the 5 most important goals (Q2) that 6G could advance the most, Goal 8: Decent work and Economic
growth was mentioned, whereas it came on place 8 when we asked which of the goals people would connect with mobile communi
cations and especially 6G (Q1). In our questionnaire all SDGs were seen relevant for 6G.
We also asked respondents to write down (free text field) how they thought 6G could help advance the SDGs. We looked at the
results by forming a word cloud of the words coming up most often Fig. 4. The 30 most often used words came up between 32 and 57
times.
4.3.2.3. Bibliometric analysis. In an effort to identify research that supports the UN SDGs, Elsevier has generated a set of Scopus queries
related to each of the SDGs. These queries can be taken into use in their SciVal solution to describe the work research institutions are
doing on each SDG and the outcomes. The results come from the same data set, ensuring consistency across the comparisons and
analyses. The University of Oulu bibliometrics team conducted a search in SciVal with the SDG query tool analysing publications from
1996 to 2020 adding ICT specific key words to the search (for example: wireless, mobile, cellular, communication, network, “mobile
industry”,", 4G, 5G, 6G, telecommunication). According to the query, the SDGs that came up most often in the field were: Affordable
and clean energy (SDG 7); good health and well-being (SDG 3), sustainable cities and communities (SDG 11), peace, justice and strong
institutions and reduced inequalities (SDG 9).
When combining the five most mentioned or the five goals mentioned to be the most important from different sources (Fig. 5.), we
can see that the strongest linkages between mobile communications and sustainable development are found in the following six goals:
SDG 9 and 11: Industry, innovation and infrastructure and sustainable cities and communities; SDG 3 and 4: Good health and wellbeing and quality education; and SDG 5 and 7: Gender equality and clean water and sanitation.
4.3.2.4. Log file. To collect data and present already conducted work on the topic of ICT/mobile communication and UN SDGs, we
compiled a log file that included the UN SDGs with their targets. The results from the first questionnaire were added to the log file. We
added columns for the following information and asked the participants multiple times to add their contributions to build on top of the
Table 1
Question 1 Most often mentioned SDGs.
Goal
Goal
Goal
Goal
Goal
Goal

3: Good Health and Well-being
4: Quality Education
11: Sustainable Cities and Communities
9: Industries, Innovation and Infrastructure
6: Clean Water and Sanitation

8

Responses

Percentage

20
20
20
19
17

87%
87%
87%
83%
74%
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Table 2
Question 2 Most important SDGs regarding 6G.
Goal
Goal
Goal
Goal
Goal
Goal

3: Good Health and Well-being
9: Industries, Innovation and Infrastructure
11: Sustainable Cities and Communities
8: Decent Work and Economic Growth
4: Quality Education

Responses

Percentage

20
15
15
14
13

87%
65%
65%
61%
57%

Fig. 4. A word cloud of the words most commonly used when describing how 6G can help advance the UN SDGs.

Fig. 5. A comparison of the 5 most mentioned SDGs related to ICT or mobile communications.

collective results from the first questionnaire:
SotA collection:
▪
▪
▪
▪

How mobile communications can contribute to goals and targets? (Results from the questionnaire)
How mobile communications can contribute to goals and targets? (From other sources/reports/forums)
Indicators from other sources
Actions/recommendations to achieve targets from other sources

New suggestions/wild ideas under the following categories:
▪
▪
▪
▪
▪

How mobile communications can contribute to goals and targets?
Challenges, opportunities and key obstacles
New proposed indicators
New proposed 6G specific indicators
New proposed actions to achieve targets

4.3.3. Presentation of results & reflection & negotiation (REFLECT - > REPLAN)
Reflection is an active function seeking to make sense of the process (Kemmis & McTaggart, 1988) and usually takes place in
discussion among the participants. Through discourse, it provides the foundation for a revised plan. Reflection was exercised in each
9

Telecommunications Policy 46 (2022) 102283

K. Ojutkangas et al.

meeting. Comments and contributions were encouraged and discussed in the meeting.
We presented all the findings (input from other sources, results from the survey and the bibliometric analysis) in the second telco,
and after having collected them in one spreadsheet (listed per each of the 169 targets), we asked all the group members to add any
other linkages they could think of. Presenting of “wild ideas” was encouraged, and the suggestions could be left either anonymously or
with a name. We also decided to form smaller working groups consisting of the editors of the chapters. Perhaps the most prominent
example of a revision of plans occurred through the phases of plan-reflect-replan is how the focus shifted from the need to create key
performance indicators preferably with set values for 6G to reaching sustainability to finally reducing the indicator section to be part of
a chapter that discussed linking the UN SDGs with 6G.
Starting point: 1. Summary 2. Introduction 3. Megatrends – 6G drivers 4. UN Sustainable Development Goals’ linkage with mobile communications 5. Indicators:
Soft and hard KPIs
Phase 2: 1. Summary 2. Introduction 3. Megatrends – 6G drivers 4. UN Sustainable Development Goals’ linkage with mobile communications 5. Challenges,
opportunities and key obstacles 6. Indicators: Soft and hard KPIs 7. Action plan: Future research topics
Final version: 1. Introduction 2. Our 6G vision 3. Megatrends driving the 6G research 4. Linking UN SDGs with 6G and related indicators 5. Challenges and
key obstacles 6. Action plan: What needs to change? 7. Action plan: Future research topics

There was a lot of discussion around the topic of indicators (soft vs. hard, quantitative vs. qualitative indicators) and the views
seemed to be very different depending on the field of science the person represented. According to Hilty et al. (2015) in engineering
science there is a tendency to focus on energy use or CO2 emissions as central resource-oriented indicators and use the terms ‘‘energyefficient,’’ ‘‘carbon-neutral,’’ and ‘‘sustainable’’ interchangeably. Cellular mobile communication systems are traditionally charac
terized by their ability to fulfil a set of internationally agreed minimum technical performance requirements in terms of e.g., data rate,
spectral efficiency, latency and mobility, see (ITU, 2017). The discussion on possible 6G indicators is already ongoing but at a very
early stage. Ziegler and Yrjölä (2020) have been among the first to present value and performance related indicators for 6G in the
categories of growth, efficiency and sustainability. Statistical indicators for well-being and genuine development will take a more
important role in the near future (Dufva, 2020) and the preliminarily proposed 6G indicators reflect this thinking: a lot of the suggested
indicators measure services that 6G can provide in order to improve human well-being. The expert group came up with more than 100
different indicators, some of which concentrated on the technical performance of 6G (use of energy) and others measuring softer issues
such as welfare of a state (number of homes using a certain defined level of IoT such as electricity, water consumption, waste man
agement). 6G’s role as providing data on sustainable development came up in many suggested indicators, for example: 6G transmitting
sensor data on living conditions (temperature, humidity, inhabitants per m2), natural disasters, diseases (epidemics), mobility of
humans and animals, quality of water and air etc.
The future vision of 6G also raised a lot of discussion. There were views that concentrated purely on the technical deployment of 6G
and its vertical applications, but the empowerment of people through 6G was seen as just as important. The pandemic offered the group
plenty of food for thought. It was discussed how prioritizing use cases that have the greatest potential to improve the lives of people
could lead to very rapid solutions if different stakeholders are prepared to work in unison. As an example of this automotive companies
developing emergency ventilators for critically ill patients in intensive care. The 6G white paper (Matinmikko et al., 2020) states
boldly: “We include in our vision that 6G development should facilitate open collaboration and open standardization between different
stakeholders in a multi-disciplinary manner, ultimately to create true partnerships for the benefits of all”. Interesting debates were gone
through also when discussing the megatrends driving the development of 6G. Initially the idea was to use the PESTLE model, but it was
then decided that the Quintuple Helix model (Carayannis et al., 2012) would be linked with Sitra’s view on megatrends (Dufva, 2020).
It was discussed that the PESTLE framework does give a good view of the whole environment from many different angles, but Car
ayannis’ et al. (2012) model is more comprehensive as it treats knowledge as a resource that circulates between the subsystems and
Table 3
Mapping of 6G with UN SDG framework targets via indicators.
UN Targets

UN Indicators

6G can

1.2 By 2030, reduce at least by half the proportion of men,
women and children of all ages living in poverty in all
its dimensions according to national definitions

1.1.1 Proportion of population below the
international poverty line, by sex, age, employment
status and geographical location (urban/rural)
1.2.1 Proportion of population living below the
national poverty line, by sex and age

• Expand the connections between
people with processes, data, and
businesses.
• Help incorporate one-man shops
into the market
• Facilitate the use of micro-payments
and digital money.
• Provide advanced life-long learning
opportunities to previously margin
alized areas.
• Help train local educators with
remote virtual platforms.
• Maximize the use of ICT by
delivering virtual computational
power to remote areas.
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changes to innovation and know-how in a society and for the economy, which seemed to fit the concept of a new emerging technology
well. The expert group was aware that there is a problem with using Sitra’s megatrends since for example one of the trends mentioned
is ageing population, which definitely is accurate in Europe, but might be irrelevant in developing countries. Also, a lot of time was
spent on discussing the varying level of technology development globally, even locally. There were concerns that developed rural areas
are not at all included in the SDGs, even though they lack behind in e.g. connectivity. The role of non-users was also brought up but it
remained a faint sidenote even though it was recognized that unless every person from school age up has access to affordable
broadband internet and uses it in daily life, the mission of achieving the SDGs remains a distant dream.
4.3.4. Work in smaller (editor) groups (ACT)
In the third expert group meeting the chapter editors were chosen based on the interest of participants on a voluntary basis based on
the draft table of contents of the white paper. The editor groups collected and analysed all inputs from the wider expert group,
elaborated feedback from the other white paper expert groups, and actively contributed to the contents. It was suggested that we
explore where 6G can impact the indicators, and consequently show the relationship to UN SDGs. Previously in the process, the starting
point had been the individual SDGs, but based on the suggestion we selected goals (1,3,4,7,9,11 and 17) that would cover a wide
spectrum of verticals connected with mobile technologies, and went through all indicators presented by the UN and tried to find
linkages between the indicators and 6G. Table 3 presents one example of the developed linkages per selected goals. The examples in
(Matinmikko-Blue et al., 2020) are to serve as the starting point for a more detailed mapping of 6G with the UN SDGs that we
encourage the wider community to work on.
4.3.5. Reflection and re-planning in the support and in the expert group (REFLECT - > REPLAN)
All contributions and findings of the editor groups were presented to the expert group to get feedback from a wider audience and
make sure the contents were aligned with each other. After reflection and negotiation in the expert groups, the work was continued in
the support groups and/or in the editor groups. This process was repeated multiple times. The support group was constantly looking at
the log file to find new inputs and making sense of the extensive data therein. Based on the first discussions in the expert group the aim
seemed to be to look at possible linkages between 6G and the UN SDGs from three perspectives: 1) 6G as technology to be developed in
line with UN SDGs and 2) 6G supporting the advancement of UN SDGs, 3) new indicators for 6G. After analysing the inputs from the
first questionnaire and looking at the contributions in the log file related to possible new indicators for 6G, we realized that 6G could
also help collect data on how the various targets of the SDGs are advanced. This understanding led to the three-tier classification
presented in the white paper (Matinmikko-Blue et al., 2020), where 6G functions as: 1) provider of services to help steer communities
and countries towards reaching the SDGs, 2) enabler of measuring tool for data collection to help reporting of indicators with
hyperlocal granularity, and 3) reinforcer of a new technological ecosystem to be developed in line with the UN SDGs. We then took the
entry points (UN, 2019b) as our anchor and classified the suggested indicators based on this three-tier classification. Table 4 presents
an example from this exercise, a more detailed table is presented in Matinmikko-Blue et al. (2020).
Table 4
6G indicators per entry points to UN SDGs.
Entry points from [UN 2019b]

1) 6G as provider of services

2) 6G as enabler of hyperlocal
measuring tool

3) 6G as reinforcer
of ecosystem
aligned with SDGs

Human well-being and capabilities
A.1. All stakeholders should contribute to
eliminate deprivations and build resilience
across multiple dimensions through
universal provision of, and access to quality
basic services (health, education, water,
sanitation, energy, disaster risk
management, information and
communications technology, adequate
housing and social protection), that are
universally accessible with targeted
attention where poverty and vulnerability
are concentrated and with special attention
to individuals who are most likely to be left
behind – women and girls, persons with
disabilities, indigenous peoples and others.
A.2. Governments should ensure equal
access to opportunities, end legal and social
discrimination and invest in building human
capabilities so that all people are
empowered and equipped to shape their
lives and bring about collective change.

The availability of appropriate technologies
and services related to quality basic services:
health, education, water, sanitation, energy,
disaster risk management, ICT, adequate
housing and social protection (Yes/No) and
the number of provided 6G enabled services
for example: Number of 6G enabled eHealth
services.
Amount of digital mobile telecommunication
education utilizing disruptive technologies.
Proportion of e-learning material to be used
with a mobile device with mobile connection
out of necessary learning material;
proportion of accessible material (for people
with disabilities, in different languages.
The number of standardized procedures to
report via mobile app violence/harmful
practices against girls/women, human
trafficking etc.
Number of people working remotely.
Number of 6G holographic telepresence
access points per population.
The price of connection compared to a
commodity (e.g. connection price vs. 1 kg
rice).

Mobile coverage.
Mobile area coverage.
6G transmitting sensor data on: living
conditions (temperature, humidity,
inhabitants per m2) etc.; natural
disasters, diseases (epidemics); mobility
of humans & animals; quality of water,
air etc.
6G sensing data using radio waves for
sensing purposes.

Price of
connectivity.
Affordable
technologies/
devices.
Price of privacy.
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5. Identified challenges and success factors
In the following chapter we discuss challenges we identified in the linking process and share our observations of critical success
points to guide in similar endeavors of linking new themes with the UN SDGs.
Main challenge was that we, the authors, were relatively unexperienced in using the CPAR methodology and understanding how to
transfer the theories from the traditionally dominating fields of research usually at the centre of PAR and CPAR such as education into
this particular topic, to this particular group of people. There were certainly many aspects of PAR which could have been done better,
but even the basic understanding of the principles of critical participatory action research and the use of the self-reflective spiral in
structuring the research steps was a valuable tool, that we can recommend for everyone in similar endeavors. We believe that a more
holistic approach was enabled through challenging participants to critically review the development of mobile technologies. We also
believe that learning jointly about the UN SDGs in the course of the linking process will flow into each participant’s organization and
sustainability will become more than just an add-on aspect while continuing to do business as usual.
Another challenge was the act of observation. Being both facilitator, contributor and observer proved to be extremely challenging.
The task was not made easier through the fact that all meetings were remote meetings and to ensure that the internet connection would
work, the use of video was avoided. Initially we planned to use various facilitation techniques and activities to get to know each other
and create a safe space for everyone to speak, but as the shift to remote meetings came so suddenly, these exercises were abandoned.
Data collection, creating the tools necessary for the linking process and actively participating in the actual white paper writing process
was enormously time consuming and yet it was only one task among many others in our working days. The journals we kept should
have been more concise noting the discourses more in detail. But we also had the task to write the white paper, so our journals were a
mix of random observations and to do lists. We had planned to record all meetings, but this was later abandoned, partly because we
were afraid this might limit the participants’ willingness to converse freely. Nevertheless, the atmosphere in the meetings remained
warm, participants seemed to express their ideas freely, and no visible hierarchical structures based on status could be observed.
Participants seemed to be eager to learn new things and think out of the box.
We found that this manner of working in a panel of experts with versatile backgrounds following a strict time schedule towards a
common goal of publishing a white paper was rather labour-intensive but also utterly fruitful. The role of active participating re
searchers/facilitators that is the basic pillar of CPAR, was a relevant one in our opinion, many views related to sustainability for
example the entry points might have been left undiscussed had the facilitators remained mute. We dare to say that had there not been
such a multi-disciplinary group working together in such an interactive manner, the three-tier classification for the role of 6G in
relation to the UN SDGs, which we consider to be one of the most important findings of the process, would not have been formed. We
also managed to be flexible in or process. After a huge amount of time invested in finding linkages between 6G and the individual goals,
we took the UN indicators as our starting points and went through many of them to find where 6G could affect them. This process was
utterly time consuming, but it enabled us to see numerous new linkages.
For the overall success of the process we found out that following factors were crucial: the composition of the group, the motivation
of the participants, prior knowledge/preparations, and innovative interaction. In this case, the group participating in the process was
heterogenous representing different fields of sciences and stakeholders from different countries. This led to productive and innovative
interaction during the process, meaning that discussions were versatile, and participants would bring in ideas stemming from their own
expertise. The participation to the group work was based on voluntariness and the main reward was to be included in the white paper.
The number of participants to the remote meetings stayed high until the very end and discussions were very lively. However, in order
to keep the writing process ongoing, it was necessary to facilitate meetings with regular interval and do before-hand preparations such
as the questionnaire and log file. They would ensure that on the one hand the brainstorming and writing process begin promptly, and
on the other hand the participants are aware of the essentials (i.e. the UN SDGs).
6. Conclusions
This paper has looked into the birth process of developing a linking between the UN SDGs and 6G in the preparation of a white
paper on the topic. The linking between the UN SDGs and 6G was developed using CPAR research methodology. The fact that in the
CPAR methodology the researchers or observers are among the active participants was, without a doubt, a strength in our process. It
gave us the possibility to both include important sustainability aspects (e.g. the entry points) into the discussion but also broadened the
view by bringing in even more multi-disciplinarity. It was at the same time a limitation. As noted in chapter 5, it was a difficult task to
combine the roles in practice. Breaking the process into pieces according to the self-reflective cycle helped to understand the devel
opment phases and also provided for the necessary flexibility, we understood that going back and doing something over and over again
(e.g.data collection) and abandoning ideas (key performance indicators with set numeric values) was only normal and a proof that we
were actually critically assessing the practices and learning. We believe to have shown in this paper that this particular way of working
contributes to shifting the emphasis away from the very technology-oriented point of view into seeing sustainable development as the
goal.
The main limitation of the CPAR methodology in our case was definitely the available time and the very sudden shift from live
meetings into remote meetings. These made the observation a challenging task. Also planning ahead could have been done better. The
prior knowledge of the participants was not thoroughly established, and their motivation to participate was not investigated. There
was also little time for the data collection, and it was rather difficult to establish what were the social practices in which the prac
titioners usually functioned, i.e. what were the customary ways to do this sort of exercises.
Having leaned on the CPAR methodology however resulted, in our view at least, to a critically informed joint learning process that
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we hope will continue and maybe even affect the future development of a more sustainable 6G. The main outcome of this paper is a
linking process leaning on to the self-reflective spiral that can be adopted by other researchers interested in linking their research/
development work with sustainable development goals. We have shown how a multi-disciplinary, multi-actor, self-critical and
participatory process can work to identify new, not yet found linkages between mobile communication, especially 6G and the UN
SDGs. We offer a wide set of different data collection methods but also give recommendations to what could be done better (obser
vation, notes, facilitation).
To establish whether this linking exercise managed to reach the aim of changing the social practices within this particular group, a
further study would be necessary. As a weak indication, the members of the white paper in question have recently published papers on
sustainability (Yrjölä et al., 2020a,b). We see that it is of uttermost importance for researchers to include sustainability into both
research and education. Higher education institutes need to establish their sustainability agendas which many are currently working
on and include sustainability education in their curricula for everyone, not just for enrolled students but staff alike. In similar en
deavors we suggest to aim at breaking down the disciplinary boundaries as far as possible. Whereas in multi-and transdisciplinary
research different views discuss with each other, in transdisciplinary research a new holistic view stepping over the disciplinary
boundaries is formed. This requires not only open-mindedness from the researchers but also enabling functions, practices and positive
enforcements in the institutions. Effective institutional models to support the impact of social sciences and humanities (SSH) in
technology-oriented research have already been created, see e.g. (Tuunainen et al., 2019). Of course a real change would require
adopting sustainability as cross-cutting issue in all research, where relevant. But we see a shift is slowly happening for example by
research funders demanding that sustainability is discussed in research funding proposals. We should also ask what motivates re
searchers to do sustainable research? What triggers them to find solutions that are not maybe technically the most interesting option
but the most sustainable? How to make sustainability the number one priority in all research planning?
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