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Abstract 

The world is changing increasingly faster, bringing uncertainty and complexity to many processes, and this accelera-
tion leads to the rise of demand for studies regarding the future. Futures Studies have been widely used to support 
decision-making, emphasizing forecasting technologies’ timing, diffusion, and life cycle. Therefore, evaluating previ-
ous forecasts to understand their proposed scenarios better is often necessary. This work analyzes all articles pub-
lished until the end of 2023 in one of the most relevant journals of this field of study, the European Journal of Futures 
Research (EJFR). The EJFR is among the main contributors to fostering dialogue among scholars, practitioners, 
and policymakers interested in anticipating and shaping the future. We streamlined the uncovering of future events 
written on EJFR articles using NERMAP, a software we designed to semi-automate the roadmapping process. We built 
five simple scenarios and associated each of the 214 future events found into a scenario. Then, we analyzed the 52 
events that were supposed to happen until 2023 to discover how the expected possible events did occur in real life. 
Therefore, we expect to provide insights, better understand how expected possible events occur in real life, and write 
a novel way to understand the journal’s history. The methodology used in this study is novel and applicable to other 
studies to reduce the time and risk of errors when developing large-scale roadmaps. This work provides valuable infor-
mation for decision-makers in organizations and governments. The Futures Research scientific community can use 
the results to improve their research frameworks.
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Introduction
We are going through accelerated changes in the world, 
accentuating the levels of uncertainty and the complexity 
of the involved processes [1–4]. This situation increases 
the demand for studies related to planning, foresight-
ing, and creating future visions. Despite their intrinsic 

differences, European countries have shared experiences, 
divisions, and conflicts, providing a rich opportunity to 
examine their future visions critically. European coun-
tries face numerous internal problems; simultaneously, 
they seek to contribute to solving global challenges [5, 6].

Technology Roadmapping (TRM) [7] – or simply, 
Roadmapping – is one of the several Foresight meth-
ods in which the expected final product is the roadmap. 
Technology Roadmapping emerged in the 1970s, with 
Motorola being one of the first companies to apply it to 
improve the development of its products [8]. Roadmap-
ping can be time-consuming and error-prone when per-
formed manually, and its complexity scales linearly with 
the number of documents analyzed. Therefore, large-
scale studies are arduous to be performed manually [9].
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Many authors described several future events in European 
Journal of Futures Research (EJFR) articles in the last ten 
years. Collecting and organizing the information about the 
conclusions drawn by researchers can provide helpful infor-
mation for decision-makers in organizations and govern-
ments, and for the Futures Research scientific community. 
The TRM process can be applied to manage the knowledge 
embedded into forecasts, providing a timeline for the future 
and analyzing the reasonableness of the events that should 
have happened by 2023.

In this research, we employed NERMAP [9], a software 
we designed to semi-automate the roadmapping process 
to analyze all articles until the end of 2023 from the EJFR 
database to extract insights published during the history 
of the journal, organized into the form of a roadmap. Fur-
ther, we analyze the events expected to happen until 2023 
to discover how the expected possible events did occur 
in real life. Finally, we develop scenarios and roadmaps 
based on the future events found. The roadmap integrates 
the shared view of the researchers during this 10-year 
lifespan of EJFR. The developed scenarios show specula-
tive futures to raise questions. We named the five scenar-
ios Green Renaissance, Digital Divide, Populist Backlash, 
Techno-dystopia, and Geopolitical Turmoil. Therefore, we 
aim to answer the following research questions:

	RQ1.	 What insights can be extracted from articles 
published in the EJFR up to 2023 regarding future 
events?

	RQ2.	 What events are expected to happen according to 
the EJFR literature?

	RQ3.	 How do events expected to happen until 2023 
compare with real-world outcomes?

In our contribution to Futures Research, we collect and 
examine numerous articles on the EJFR literature. This 

analysis thoroughly reviews all articles published in the 
EJFR until 2023, allowing us to build a comprehensive 
understanding by connecting different pieces of literature 
and deriving valuable insights. The applied methodology 
is novel and can be replicated using different sources. We 
also produce scenarios for researchers to motivate fur-
ther studies and for organizations and governments to 
support their decision-making process.

This work is divided as follows: in the Methodology 
section, we discuss the methodology utilized, and in the 
Results section, we present the results, such as the list of 
events found, their classification, and metadata analysis. 
In the Roadmap analyses section, we perform two analy-
ses of the events. First, we perform a fact-checking of the 
events expected to happen until 2023. Then, we associ-
ate future events found with five scenarios. Finally, in 
the Conclusions section, we make our final remarks and 
present our conclusions.

Methodology
This research aimed to analyze all articles from the EJFR 
to build future scenarios of the main areas presented in 
the literature. Through the TRM method, we can create 
roadmaps about the main trends in the scope of EFJR, 
enabling an expanded vision of the future. These road-
maps can provide insights to inform recommendations 
or decisions. Additionally, they can highlight existing 
gaps in research, indicating the type of further research 
needed, which facilitates a more comprehensive under-
standing of future developments.

The research methodology has six steps, which we 
summarized in Fig. 1:

1.	 Gather publications from the EJFR database;
2.	 Upload articles in the NERMAP tool;

Fig. 1  Research methodology flow
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3.	 Automated assembly of the initial Roadmap with a 
timeline of future events depicted in submitted articles;

4.	 Refine the roadmap and adjust it manually to ensure 
that each event is comprehensive, distinct, and accurate;

5.	 Analysis of the final roadmap and development of 
scenarios;

6.	 Analysis of the events expected to occur until 2023 to 
understand better how the expected possible events 
did occur in real life.

In the first step, we gathered all the European Journal 
of Futures Research (EJFR) papers, totaling 203 articles 
from 2013 to 2022.

In the second step, we uploaded the collected articles 
to NERMAP to process the PDF files into the initial 
roadmap. NERMAP [9–11] was designed to support 
and facilitate the roadmapping process, semi-automat-
ing it and allowing the researcher to analyze a large vol-
ume of prospective documents, optimizing time and 
costs during a Futures Study. NERMAP uses the Named 
Entity Recognition technique [12] to identify events in 
documents. We based the identification on three parts:

1.	 Temporal Space: Term that designates a date, which 
can be a year or an expression of time (e.g., “next 
year”, “century”, and “decade”);

2.	 Future-indicating terms: Words or expressions that 
indicate that an event will happen in the future, 
always associated with a temporal space (e.g., “In 
2050”, “By 2050”, and “Around 2050”);

3.	 Event: Fragment of text that indicates the expected pos-
sible event (e.g., “The unemployment rate in India will 
increase by 3%”, “Europe will have WiFi everywhere”). 
While parts 1 and 2 focus on “when” the events hap-
pen, this part focuses on “what” will happen.

In the third step, the NERMAP tool generated an ini-
tial timeline of future events in the articles. The tuple 
(year, event) is gathered from the text of the article. The 
definition of the year of the identified event is based 
on the text and the article publication date. NERMAP 
identifies fixed dates and relative dates. Fixed dates 
refer to those explicitly stated in the text – e.g., “In 
2050 will be…”. Relative dates refer to text that includes 
terms such as “In the next two decades”, “For the next 
year”, among others. In relative dates, we rely on the 
article’s publication date to estimate a future date for 
the event. For example, “In the next two decades” for 
an article published in 2015 refers to a future event in 
2035. However, the initial roadmap generated by the 
NERMAP tool is a rough representation of the timeline 
of events and requires refinement.

In the fourth step, we manually fine-tuned the roadmap 
by ensuring that each event was comprehensive, distinct, 
and accurate. This refinement step involves post-process-
ing tasks to convert the initially generated list of poten-
tial future events from the articles into a refined list that 
eliminates false positives and presents events in a more 
standardized written style. Occasionally, articles contained 
repetitions of certain future events, leading to duplicates in 
the automated process, which we manually removed.

We also included a classification of each event for fur-
ther segmented analysis in the categories described in 
Table 1.

In the fifth step, we analyzed the refined roadmap 
and developed five future scenarios using all the events 
gathered, using literature‑based design fiction [13]. We 
interpret the timeline to develop consistent scenarios 
about the future. Scenarios provide insights and better 
communicate the findings and future trends to people. 
They are beneficial for decision-makers and laypeople in 
general.

In the sixth step, we checked the events expected to 
occur from 2013 to 2023 to understand better how the 
expected possible events occurred in real life. This step 
involves comparing the event found in the publications 
with recent information to assess how the expected pos-
sible events developed. This “fact-checking” provides 
insights into the projections’ relatively short-term accu-
racy and how fast the expected possible events drift from 
reality. The sixth step can be performed concurrently 
with the fifth step.

After conducting this research, we highlight that RQ1 is 
addressed in sections Results and Roadmap analyses, pro-
viding various insights from articles published in the EJFR, 
from statistics of future events gathered to deeper analy-
ses that include roadmaps, fact-checking, and scenarios. 
To address RQ2, we extensively discuss the future events, 
according to the EJFR literature, in section Roadmap and 
elaborate them upon a roadmap, presented in Appendix A. 
Finally, the comparison between the expected events until 
2023, as outlined in the EJFR literature, and real-world 
outcomes is thoroughly examined in section  Scenarios, 
providing insights into RQ3.

Results
This research analyzed the EJFR database, totaling 203 
publications from 2013 to 2022. After our analysis, we 
found 214 future events in 53 articles. From the future 
events found, 52 were expected to happen until the end 
of 2023.

This section comprehensively analyzes the journal’s 
publications, presenting an extensive overview of tem-
poral trends and identifying discerning countries with 
more publications, among other pertinent considerations 
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regarding the events in the articles. Next, we present the 
complete roadmap of events. The presented results are a 
substantive contribution to the research and are the basis 
for the roadmap analyses.

Publications
With the publications gathered in our research, NERMAP 
found 214 future events in 53 EJFR articles. We examined 
these 53 articles and extracted the following information.

As shown in Fig. 2, we observe a peak in the number of 
articles in 2014 and 2015, with 11 and 10 articles, respec-
tively. A slight decrease followed this peak in articles with 
events in the following years, reaching a lower point in 
2020. This downward trend in the number of future 
events can be partially explained by the higher number 
of published articles in 2014 (33 articles) and 2015 (23 
articles) when compared to 2019 (7 articles) and 2020 (10 
articles). However, 2021 and 2022 had more articles pub-
lished, 17 and 25 articles, respectively, and the number of 
articles with events found was only marginally bigger.

When we analyze the countries of filiation of all authors 
of the publications, the data shows that Finland and Ger-
many lead the way with 14 and 12 articles, respectively. 
We also highlight Austria with eight articles, while Nor-
way and the UK have four articles each, as shown in 
Table  2. The choropleth map, shown in Fig.  3, provides 
a clearer understanding of the geographical concentra-
tion of the articles. It is worth noting that the sum of 
articles presented in Table 2 surpasses the total number 
of articles, as articles may involve authors from multiple 
countries – underscoring the international collaboration 
within the research community in this field.

Events
Our research found 214 events in the EJFR publications. 
The most events (162 or 76%) were found in round years, 
with 29 events in 2020, 51 in 2030, 20 in 2035, 14 in 2040, 
and 44 in 2050. We found only three events for 2080 and 
one for 2100. We present the number of events by year in 
Fig. 4. We conjecture that researchers are biased in esti-
mating the date, rounding the year to a multiple of 5 – or 
even 10 for long-term projections – to make the future 
events more impactful or enhance future initiatives’ vis-
ibility. This tendency to round estimates is particularly 
prevalent in long-term projections, where their precision 
is expected to be lower than in short-term projections. 
Long-term predictions introduce greater uncertainty 
with the possibility of unforeseen events and the inher-
ently chaotic nature of future developments due to their 
extended timeframe.

The top 10 publications with the most events contain 
120 (56%) out of 214 events. On the other hand, 22 of the 
53 articles have only one event. We present the complete 
list of publications with events in Table 3.

Still on the top 10 publications, we can identify three 
groups of events. The first group concerns political and 
social trends in global security, and it includes four 
articles. The article with the most events identified (27) 
is a meta-study of perspectives in Europe and North 
America about the future of global security [14]. Other 
articles explore sociotechnical imaginaries of a secure 
future [17], perform a foresight about addiction and 
lifestyles in Europe [21], and analyze the magnitude and 
persistence of instability trends in the European Union, 

Table 1  Categories of events and their descriptions

Category Description

Agricultural Events related to food production and other crops. Include crop yields and agricultural policies.

Demographic Events about population characteristics. Include age, gender, race, and ethnicity.

Economic Events related to production, distribution, and consumption of goods and services. Include employment rates, economic growth, 
and income inequality.

Education Events about the educational system. Include school enrollments, test scores, and graduation rates.

Environmental Events about the environment. Include climate change, natural disasters, and environmental degradation.

Government Events related to actions and policies of government agencies. Include regulatory changes and public spending.

Health Events related to the health of individuals or populations. Include incidence of disease, access to healthcare, and health outcomes.

Industrial Events related to the production of goods. Include manufacturing trends and industrial accidents.

Infrastructure Events related to physical structures and systems that support a society. Include transportation networks, energy grids, and water 
systems.

Legal Events about the enforcement of laws and the administration of justice. Include court cases and legislation.

Military Events about the defense and security of a country or region. Include military operations and arms control agreements.

Political Events about society’s governance and decision-making. Include elections, policy debates, and protests.

Social Events about social interactions and relationships. Include family structure, social support networks, and community involvement.

Technological Events related to the development and usage of new technologies. Include the adoption of new software or devices.
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including social, economic, and political impacts on the 
EU member states [20].

The second group is concerned with CO2 reduction 
in transportation and mobility. It includes five articles 
examining the transformation in transportation [16] 
and the related costs and benefits of reducing CO2 
emissions in this sector [15]. These articles delve into 
topics such as the impact of autonomous cars on low-
carbon mobility [22] and the transition towards bio-
fuels in Finnish road transport [19] while producing 
scenarios for a resource-efficient and sufficient future 
mobility system for improved well-being in Europe 
[23]. These articles comprehensively examine the trans-
portation sector’s challenges and opportunities as it 
moves towards more sustainable and efficient practices.

The remaining article on the top 10 concerns scenarios 
for the future of European industries, including a single 

article [18] focusing on the future and governance of the 
chemical industry. This article offers a valuable look at 
the future of a critical European industry and the impact 
that various factors may have on its development and 
stability.

We also organized a heatmap to find and highlight 
correlations between the year of publication and the 
year of the future event, as shown in Fig. 5. We limited 
the heatmap to 2050 due to the sparsity of the events 
between 2051 and 2100 – a total of five events, one for 
2052, three for 2080, and one for 2100. In the case of 
events projected for 2020, the majority were antici-
pated in articles published between 2014 and 2016. 
Looking at 2030, we observed a distribution of events 
across various years, with the highest concentration 
between 2013 and 2018, ranging from 8 to 14. In the 

Fig. 2  Total of published articles and articles with events per year
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case of 2035, two specific years, 2017 and 2021, stood 
out as having the highest number of events, indicating 
that a few articles are making the most expected pos-
sible events. For 2040, the number of events decreased, 
with the earliest articles with events starting only in 
2017. For 2045, all expected possible events were found 
in articles from 2017. Lastly, for 2050, all the events 
gathered were published in articles from 2014 to 2019.

Our analysis of events in the EJFR publications found a 
wide range of events falling into the 14 categories we estab-
lished in Table 1. We summarize the events seen in Fig. 6.

We found the most significant occurrences starting 
with technological events, with 38 expected possible 
events in articles. This high number reflects technolo-
gy’s rapidly changing and advancing nature and under-
scores the importance of understanding its impact on 
society.

Environmental events took the second spot with 36 
occurrences. This number highlights the concern about 
the impact of human activity on the natural environ-
ment and the pressing need to understand and under-
stand its consequences.

Next is the demographic category, where we found 
32 events. This number suggests a strong interest 
in understanding trends and changes in population 
characteristics and their impact on various aspects 
of society. Economic events also garnered significant 
attention, with 25 expected possible events in articles. 
These events likely encompass changes in employment 
rates, economic growth, and income inequality, reflect-
ing the profound impact of the economy on people’s 
lives and the overall functioning of society.

Social events totaled 16, followed by industrial and 
infrastructure events, with 13 occurrences each. These 
numbers indicate a moderate interest in these areas, 
encompassing changes in societal dynamics, manufac-
turing trends, and the functioning of critical systems 
like transportation networks and energy grids.

Political, government, and education had nine events 
each. The fewer events in these categories could indi-
cate less focus on anticipating changes in government 
policies or the education system, suggesting they might 
not be as extensively covered as other areas.

In the lower end of the spectrum, military events account 
for five occurrences, while legal and health events tie at four 

Table 2  Publications with events by country of research

Country Number 
of Articles

Austria 8

Australia 1

Belgium 2

Finland 14

France 2

Germany 12

Hong Kong 1

Iceland 1

India 1

Israel 3

Netherlands 3

Norway 4

Singapore 1

Slovak Republic 1

Slovenia 1

Spain 3

Sweden 1

Switzerland 2

UK 4

USA 1

Fig. 3  Map of publications with events by country of research

Fig. 4  Events per year
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Table 3  Number of events per publication

Year Title Events Reference

2017 Political and social trends in the future of global security. A meta-study on official perspectives in Europe and North 
America

27  [14]

2018 CO2 reduction costs and benefits in transport: sociotechnical scenarios 22  [15]

2014 Transformation in transportation? 14  [16]

2021 Sociotechnical imaginaries of a secure future 11  [17]

2013 Scenarios for the future of the European process industry - the case of the chemical industry 10  [18]

2015 Participatory and prospective value network analysis: supporting transition towards biofuels in Finnish road transport 8  [19]

2014 We are family? governance and the prospects for instability in Europe 8  [20]

2013 Foresighting addiction and lifestyles in Europe 2030+ 7  [21]

2015 The autonomous car—a blessing or a curse for the future of low carbon mobility? An exploration of likely vs. desirable 
outcomes

7  [22]

2015 A resource-efficient and sufficient future mobility system for improved well-being in Europe 6  [23]

2016 Using strategic foresight methods to anticipate and prepare for the jobs-scarce economy 6  [24]

2021 Five transition pathways to renewable energy futures—scenarios from a Delphi study on key drivers and policy options 5  [25]

2019 How much can societal turning points affect forecasts’ accuracy in Europe? Case of post-communistic transformation 
in Slovakia and the Czech Republic

5  [26]

2014 Innovation in higher education; will there be a role for “the academe/university” in 2025? 5  [27]

2015 The changing nature of city tourism and its possible implications for the future of cities 5  [28]

2017 Futuribles of learning 2030 - Delphi supports the reform of the core curricula in Finland 4  [29]

2014 Living within the safe operating space: a vision for a resource efficient Europe 4  [30]

2014 Two futures: EU-Russia relations in the context of Ukraine. 4  [31]

2018 Urban energy futures: a comparative analysis 4  [32]

2017 Disquieting uncertainty. Three glimpses into the future 3  [33]

2017 Food safety and nutrition – how to prepare for a challenging future? New approaches for using scenarios for policy-
making

3  [34]

2019 Hybrid leadership councils: envisioning inclusive and resilient governance 3  [35]

2016 Scenarios for crime and terrorist attacks using the Internet of things 3  [36]

2013 Scenarios for selected maritime economic functions 3  [37]

2014 The future of individualization in Europe: changing configurations in employment and governance 3  [38]

2014 Democratization and elitism in the EU: two opposing trends (Guest-Editor’s introduction to the topical collection on “The 
Future of Europe”)

2  [39]

2014 Leadership in the sixth wave—excursions into the new paradigm of the Kondratieff cycle 2010–2050 2  [40]

2013 Limits to prediction: Europeanizing technology in an expert forum 2  [41]

2016 Peer-to-peer work in the digital meaning society 2050 2  [42]

2018 Satellite solar wireless power transfer for baseload ground supply: clean energy for the future 2  [43]

2013 Scenarios to explore the futures of the emerging technology of organic and large area electronics 2  [44]

2014 Controversial futures—discourse analysis on utilizing the “fracking” technology in Germany 1  [45]

2021 Data-driven smart eco-cities and sustainable integrated districts: A best-evidence synthesis approach to an extensive 
literature review

1  [46]

2020 Development of a circular economy and evolution of working conditions and occupational risks—a strategic foresight 
study

1  [47]

2018 Drivers, trends and scenarios for the future of health in Europe. Impressions from the FRESHER project 1  [48]

2016 Educational change, inertia and potential futures: Why is it difficult to change the content of education? 1  [49]

2015 EU mobility partnerships: a smart instrument for the externalization of migration control 1  [50]

2018 European Business Ethics agenda based on a Delphi analysis 1  [51]

2014 European packaging industry foresight study—identifying global drivers and driven packaging industry implications 
of the global megatrends

1  [52]

2016 Forecasting potential innovation activities in high-tech industries triggered by merger and acquisition deals: a framework 
of analysis

1  [53]

2016 Human centred science and technology—transdisciplinary foresight and co-creation as tools for active needs-based 
innovation governance

1  [54]
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occurrences each. At the bottom, We found a single agri-
cultural event. These numbers may suggest a comparatively 
lower focus on anticipating changes in laws and regulations 
or health outcomes, as well as the actions of defense and 
security agencies.

Finally, with the agricultural category, we found only 
one event related to food production and crops. This 

low number could indicate that few articles focused spe-
cifically on this area or that the expected possible events 
were not significant enough to be noted.

In summary, the events are ordered in descending order 
of occurrences, highlighting the varying degrees of atten-
tion and interest in anticipating changes across differ-
ent categories. Overall, our analysis of events in the EJFR 

Table 3  (continued)

Year Title Events Reference

2015 Integrating Delphi methodology to some classical concepts of the Boston consulting group framework: arctic maritime 
technology BCG Delphi foresight—a pilot study from Finland

1  [55]

2014 Neglected futures. Considering overlooked poverty in Europe 1  [56]

2022 Radical Technology Inquirer: a methodology for holistic, transparent and participatory technology foresight 1  [57]

2013 Requirements for innovation policy in emerging high-tech industries 1  [58]

2022 Stage performances as means for linking sociotechnical imaginaries and projective genres in the discourse around urban 
air mobility

1  [59]

2017 Surprise as the new normal – implications for energy security 1  [60]

2015 Technopolis, shared resources or controlled mobility? A net-based Delphi-study to explore visions of future urban daily 
mobility in Norway

1  [61]

2016 The ambiguity of intelligent algorithms: job killer or supporting assistant 1  [62]

2015 The futures Map and its quality criteria 1  [63]

2015 The Radical Technology Inquirer (RTI) tool for technology anticipation and evaluation: introduction and quality criteria 
analysis

1  [64]

2015 Wild cards in transport 1  [65]

2022 Young people’s technological images of the future: implications for science and technology education 1  [66]

Fig. 5  Publication Year x Event Year (limited to 2050) heatmap
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publications suggests a diverse range of expected possible 
events, reflecting various interests and concerns about the 
future. Some areas, such as technology and environment 
events, received significant attention, while others, such as 
legal and military events, were less emphasized.

Roadmap
We can summarize our analysis in the complete roadmap 
shown in Appendix A. We list the events found, ordered 
by year, classifying each event according to the catego-
ries described in Table 1. This section presents the future 
events (starting in 2024) associated with a specific sce-
nario. Future events expected to happen until 2023 are 
discussed and analyzed in the Fact‑checking past predic-
tions section. In the Green Renaissance scenario (Appen-
dix B), efforts to combat climate change led to significant 
investments in renewable energy and energy efficiency. 
In the Digital Divide scenario (Appendix C), the world 
becomes increasingly divided between those with access 
to technology and those without access. In the Populist 

Backlash scenario (Appendix D), a rise in nationalism 
and protectionism challenges the democratic order. Tech-
nology creates new forms of addiction, alienation, and 
inequality in the Techno-dystopia scenario (Appendix E). 
Multiple crises and conflicts challenge the global order in 
the Geopolitical Turmoil scenario (Appendix F). We pre-
sent all scenarios in detail in the Scenarios section.

Roadmap analyses
In this section, we performed analyses based on dif-
ferent time horizons. The first analysis focused on 
fact-checking the expected events by the end of 2023 
and understanding how they may impact society in 
the short term. We critically examined the available 
information about these expected possible events and 
evaluated the likelihood of their occurrence. The sec-
ond analysis explored the events expected to happen 
until 2100, a much broader time horizon with more 
uncertainties and variations in potential scenarios. We 
examined long-term trends and potential events that 

Fig. 6  Event by category
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may shape the future, considering different variables 
such as technological advancements, climate change, 
demographic shifts, and economic changes. Using this 
information, we assembled scenarios to understand 
how the future may unfold and the implications for dif-
ferent sectors of society. We expect to provide valuable 
insights to help individuals and organizations prepare 
for future challenges.

Fact‑checking past predictions
This section provides a detailed and comprehensive anal-
ysis of events expected to occur until the end of 2023. We 
verify whether these predictions came to fruition using 
the most reliable source available. We used official sta-
tistics and news to verify each event’s development and 
actual outcome, as shown in Table 4. This analysis aims 
to provide a clearer understanding of the actual context 
surrounding each event. We have not judged whether 
the expected possible events occurred, as in Futures 
Research, events often unfold slightly differently than 
expected. Attaining an exact prediction of an event is 
rare.

During our fact-checking process, we prioritize three 
primary sources of information. Firstly, we analyze the 
official source, considered the most reliable and our gold 
standard. Secondly, we reference academic papers for 
relevant data. Thirdly, we consult news outlets and data 
aggregators. If no official information is available, we 
prioritize recent peer-reviewed articles. Finally, we rely 
on news coverage for events not notable in academic 
literature.

As expected, in the fact-checking analysis findings, 
we highlight that only a few events occurred exactly as 
expected in the articles. Among the rest, a significant 
portion aligns with the expectation to some extent but 
falls short of achieving the stated goal. Another substan-
tial group comprises events that simply did not occur. 
Finally, a smaller subset consists of events that failed to 
happen and manifested in a manner opposite to what was 
anticipated.

However, this should not be seen as a critique of the 
Futures Research field, as this area of research deals with 
uncertainties for anticipating and mitigating problems. 
There are several reasons – in our understanding – for 
a part of the missing events. The first is the paradox of 
preparedness [159], which suggests that the more exten-
sively we prepare for a negative event, the lower the like-
lihood of its occurrence. The second is the COVID-19 
pandemic, a wildcard that impacts all expected possible 
events for 2020, 2021, and 2022. The third is that several 
events collected came from alternative (often contradic-
tory) scenarios within the same exploratory article, which 
invariably causes a lower occurrence. Therefore, we must 

always take isolated events skeptically – understanding 
the trends that drive the world can be more important 
than predicting isolated events right for decision-making.

Additionally, it’s crucial to emphasize the need for reg-
ular assessments in Futures Research. These assessments 
act as crucial checkpoints, refining forecast models and 
enhancing our understanding of future events. By con-
sistently comparing expected outcomes with real-world 
happenings, researchers improve short-term forecasts 
and enhance their understanding of future trends. Inte-
grating these assessments into foresight frameworks 
implements a validation and calibration system, strength-
ening the reliability of foresight tools. Through rigor-
ous assessment practices, we acknowledge the inherent 
uncertainties of foresight and gain valuable insights into 
how our world operates.

Scenarios
In this section, we examine five possible future scenarios 
that may influence the course of our world. These sce-
narios are not tied to specific timeframes, as the con-
tributing events occurred at different times. Based on 
the collected events, these scenarios should be viewed 
as potential directions our society could take. We built 
scenarios based on the events in the roadmap, using 
literature‑based design fiction [13]. According to Cox 
[13], while “fictions are the output themselves,” they are 
employed to gather research data and often include the 
public to raise awareness. Design fiction in the literature 
[160, 161] aims to raise questions by showing a future 
speculative scenario. Each scenario represents a relevant 
grouping of events. Although some events could be asso-
ciated with multiple scenarios, we associate each event 
with a single scenario, as seen in Appendix A. We also 
highlight that our future landscape will likely amalgam-
ate elements from multiple scenarios. Rather than fol-
lowing strictly one predetermined path, our evolving 
reality will integrate facets from various potential trajec-
tories. Therefore, we expect the unfolding narrative to be 
nuanced and multifaceted, reflecting the complexity of 
shaping our future. These scenarios offer a glimpse into 
the possible futures we may face and the challenges and 
opportunities they present.

Green Renaissance
A global consensus on climate change leads to unprec-
edented investments in renewable energy and energy effi-
ciency. The EU, the US, and China are transitioning to a 
low-carbon economy, creating new industries and green 
jobs. The public and private sectors collaborate to create 
innovative technologies, such as carbon capture and stor-
age, smart grids, and advanced batteries. However, not all 
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Table 4  List of events expected to happen until 2023 and their actual outcomes

Year Event Actual Outcome

2015 Emerging markets make 26% of the European 
steam cracker capacity unprofitable. Steam Cracking 
is the petrochemical process in which saturated 
hydrocarbons are broken down into smaller, often 
unsaturated, hydrocarbons [67].

According to data from S&P Global, the utilization rates in European refineries were 
reported to be 86% [68]. The European steam cracker growth was expected to be less 
heavy than in 2019, so supply in the first half of 2020 would be healthy and not heavy, 
given the weak macroeconomic environment [69].

2015 Europe will have WiFi everywhere. Data from Eurostat show that WiFi was available in many parts of Europe, but it was not 
available everywhere. Many rural areas still did not have access to WiFi, and some urban areas 
had spotty coverage. In 2021, high-speed internet coverage in rural areas reached 37% [70].

2015 About 80% of Europeans will have small computation 
devices with touch screens.

Except for China, which achieved above 80%, other countries did not reach 80% 
of smartphone adoption [71].

2015 Additional costs for plug-in hybrid and battery 
electric car is 16,500€. For hydrogen cars, addi-
tional costs sum up to 35,000€.

In 2021, according to the Argonne National Laboratory [72], hybrid electric vehicles 
(HEVs) are the most affordable choice in most cases, followed by battery electric 
vehicles (BEVs). However, BEVs become more economical when considering factors 
like a midsize car instead of a small SUV, used vehicles, long drives, or tax credits. Inter-
nal combustion engine vehicles (ICEVs) are never the cheapest option when consider-
ing the total cost of ownership. If owned for five years and driven lightly, an ICEV can 
be cheaper than a similar HEV. On the other hand, a BEV owned for five years is usually 
the most expensive unless it’s driven significantly more than average. Generally, HEVs 
become cost-competitive in about five years, with fuel cell electric vehicles (FCEVs) 
and BEVs trailing closely based on hydrogen and battery cost changes.

2015 Year of peak oil extraction. The IEA’s World Energy Outlook 2016 report [73], which provides data on global energy 
trends, showed that global oil production continued to increase after 2015. Oil produc-
tion reached a record 97.3 million barrels per day (mb/d) in 2015, and according to data 
from the US Energy Information Administration (EIA), global oil production reached 
a record 100.3 million barrels per day (b/d) in 2019 before falling to 91.6 million b/d 
in 2020 due to pandemic.

2015 According to the law, the share of biofuels in the 
fuel mix delivered by the service stations should 
be at least 8%.

According to the Annual Energy Outlook 2021 report [74], the share of biofuels 
in the fuel mix was 8.00% in 2015.

2015 The demand for additional ICT practitioners 
in the EU is estimated to increase, reaching 500,000.

According to Eurostat [75], the EU’s estimated number of ICT specialists rose 
from 6,328,400 in 2014 to 6,550,200 in 2015.

2016 The market opportunities for the transparent con-
ducting oxides, polymers, and nanomaterials used 
in displays, photovoltaics, and other applications 
exceed 6.9 billion US dollars in revenues.

Different sources disagree about the Transparent Conductive Film Market revenue. 
They reported revenue of 4.7 billion US dollars in 2018 [76], 5.6 billion US dollars in 2019 
[77], and 4.6 billion US dollars in 2020 [78]. However, all values are below the estimated 
6.9 billion US dollars for 2016.

2016 Exclusive use of biometric passports. All EU countries, except for Ireland and Denmark, must issue biometric passports 
as a standard requirement for all citizens. However, Ireland and Denmark are 
the only countries not required to contain fingerprint biometrics, although this will 
likely change soon [79].

2016 According to the law, the share of biofuels in the 
fuel mix delivered by the service stations should 
be at least 10%.

According to the Annual Energy Outlook 2021 report [74], the share of biofuels in the 
fuel mix was 8.36% in 2016.

2017 The market potential for printed electronics will 
increase to US$48.2 billion.

Data from the Market Research Report shows that the global printed electronics market, 
in terms of revenue, was estimated to be worth USD 9.9 billion in 2021 and is poised to 
reach USD 23.0 billion by 2026 [80].

2017 The unemployment rate in India will increase 
to 7.5%.

According to Macro Trends [81], with data from the World Bank, India’s unemployment 
rate for 2017 was 5.36%.

2017 Gothenburg, in Sweden, aims to have 100 self-driven 
cars.

Volvo’s “Drive Me” project delivered the first self-driven car [82] and got the approval for 
the tests granted [83, 84] in 2019.

2017 According to the law, the share of biofuels in the fuel mix 
delivered by the service stations should be at least 12%.

According to the Annual Energy Outlook 2021 report [74], the share of biofuels in the 
fuel mix was 8.33% in 2017.

2018 Germany and Italy, the EU’s first and third largest 
gas markets, are planning new LNG facilities, and the 
US is expected to begin exporting LNG at scale.

Germany deployed floating terminals by the end of 2022, responding to Russia’s invasion of 
Ukraine [85]. Besides, operations have already commenced at the Wilhelmshaven and 
Lubmin LNG terminals. The Brunsbüttel LNG terminal is expected to start operations shortly, 
initially accommodating 3.5 Bcm/year and increasing to 7.5 Bcm/year between 2024 and 
2026 [86]. Italy inaugurated the Livorno terminal in 2015 [87] and the Piombino terminal in 
2023 [88]. In 2022, Italy approved the expansion of the Livorno terminal, and the Ravenna 
terminal is expected to become operational by the end of 2024 [89]. The US has started 
exporting LNG at scale and became the world’s largest LNG exporter during the first half of 
2022, surpassing Qatar and Australia [90].
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Table 4   (Continued)

Year Event Actual Outcome

2018 According to the law, the share of biofuels in the 
fuel mix delivered by the service stations should 
be at least 15%.

According to the Annual Energy Outlook 2021 report [74], the share of biofuels in the 
fuel mix was 8.18% in 2018.

2019 Fully autonomous cars are expected to be 
deployed

Volvo’s “Drive Me” project delivered the first self-driven car [82] and got the approval for 
the tests granted [83, 84] in 2019. California launched the Autonomous Vehicle Tester 
(AVT) Driverless Program in 2018 [91], while Oxbotica’s project Driven started Level 4 
Autonomous testing in Oxford in 2020, among other initiatives. However, their fully 
autonomous cars still cannot be used in cities.

2019 The share of anti-European parties, especially from 
the nationalist right-extremists, will increase in the 
next European Parliament.

The share of far-right, nationalist, and anti-immigration parties increased in the European 
Parliament in the 2019 elections but struggled to form a coherent bloc [92]. This trend 
has been stronger since then [93].

2019 Two-thirds of all adults living in the European 
Union will not participate in the elections to the 
European Parliament.

In 2019, the European Parliament elections had 198,352,638 votes counted [94], with a 
turnout of 50.66% [95].

2019 In the UK, the overall car use per person will 
increase by 1% compared to 2013.

Data from the UK Department for Transport statistics shows that the number of cars 
increased by 6.7%, from 0.60 cars/adult in 2013 to 0.64 cars/adult in 2019 [96].

2020 The joint economic product of the EU and the US 
declined to approximately 30% of the world GDP, 
while China alone should rise to 19%.

According to the World Bank, the US GDP in 2020 was 21.06 Trillion USD [97], while the 
EU GDP was 15.37 Trillion USD [98]. Finally, the world’s GDP was 85.22 trillion USD [99]. 
Therefore, the joint EU and US GDP corresponded to 42.74% of the World GDP in 2020. 
Meanwhile, China’s GDP was 14.69 trillion USD [100], representing 17.23% of the world’s 
GDP in 2020.

2020 Google’s autonomous car will go into mass 
production.

In 2019, Waymo announced a partnership with American Axle & Manufacturing 
in Detroit to retrofit Chrysler Pacifica minivans for its robotaxi fleet, which is already 
operating in Arizona [101]. Despite the tests on the roads with different car models, 
Waymo has focused on the safety of these vehicles, even if it takes longer to reach 
commercialization [102].

2020 About 50.1 billion objects will be connected 
to the IoT.

There were approximately 12 billion IoT devices. This number surpassed non-IoT for the 
first time but did not reach 50.1 billion [103].

2020 Natural gas will replace the coal consumption in local 
power plants with natural gas. Hong Kong would 
import natural gas through a long-distance pipeline 
from central Asia and by liquefied natural gas arriving 
by ship from gas fields in the region and overseas.

Europe made efforts to substitute its coal consumption for natural gas. In 2019, the 
European Union already implemented policies and measures to reduce greenhouse 
gas emissions and promote the transition to cleaner energy sources [104]. However, the 
EU’s coal consumption has risen since 2020 [105], before the Russo-Ukrainian War.

2020 The EU member countries will be bound to sig-
nificant reductions in greenhouse gas emissions 
and increases in the use of renewable energy.

To tackle climate change, the European Parliament adopted the European Climate Law, 
which raises the EU’s target of reducing net greenhouse gas emissions [106].

2020 The EU will facilitate the strengthening 
of the knowledge-based economy by investing 
EUR 80 billion through the Horizon 2020 program.

The European Commission has presented an €80 billion package for research and innova-
tion funding as part of the drive to create sustainable growth and new jobs in Europe [107].

2020 The South Stream project, led by Gazprom 
and with major EU shareholders, will potentially 
provide 63 billion cubic meters of Russian-con-
trolled gas directly to the EU.

The South Stream project was canceled by Russia in December 2014, which blamed the 
European Union [108].

2020 The demand for additional ICT practitioners in the 
EU is estimated to increase, reaching 900,000.

According to Eurostat [75], the EU’s estimated number of ICT specialists rose from 
6,328,400 in 2014 to 8,422,700 in 2020.

2020 LNG may not be a viable alternative to piped Russian 
gas. Still, the market is expected to mature to the 
point where it could offer an alternative during 
negotiations with Russia.

Germany’s dependency on piped Russian gas lasted until 2022, when they ended their 
reliance on Russian gas due to the Russo-Ukrainian War [109].

2020 Approximately 90% of the world’s population will 
have access to mobile broadband networks.

93% of the world population has access to a mobile broadband network, less than half 
a percentage point higher than a year ago [110].

2020 Policies to increase local government and community 
ownership of electricity grids will support the overall 
vision.

In 2019, according to the Council of European Energy Regulators [111], energy com-
munities’ ownership of grid infrastructure remains optional for member states. In 2022, 
the European Commission launched the Energy Communities Repository [112] to assist 
local actors and citizens willing to set up a Citizens Energy Community or a Renewable 
Energy Community. However, such initiatives have not yet brought a significant portion 
of electricity grids under local government or community ownership.



Page 13 of 35Barbosa et al. European Journal of Futures Research           (2024) 12:11 	

Table 4   (Continued)

Year Event Actual Outcome

2020 Connected devices will increase from 5 to around 
25 billion, with a significant portion coming from 
automotive-related devices.

There were approximately 10–11 billion connected devices, with a significant portion 
coming from automotive-related devices [113].

2020 There will be an increase in the use of renew-
able energy to 15% in China – compared to 9.5% 
in 2008 – of the total and specific targets for reduc-
ing energy consumption and CO2 emissions.

In early 2020, renewable energy comprised about 40% of China’s installed electric 
power capacity and 26% of total power generation. By 2021, it had grown to 29.4% 
of total power generation. The share of renewables in total power generation 
is expected to increase to 36% by 2025 [114].
However, China’s CO2 emissions have been growing since 2015 [115], partially due 
to China’s rapid economic growth, which causes an increased demand for energy.

2020 There will be a ratio of non-fossil energy to primary 
energy consumption of 11.4% in China, decreas-
ing energy consumption per unit of GDP by 16% 
and reducing carbon dioxide emissions per unit 
of GDP by 17%.

The event is part of the China’s 12th Five-Year Plan (2011–2015) main targets [116].
The proportion of non-fossil energy in total power generation was 27.2% in 2015 [117]. In 
2020, the electricity consumption of the primary industry was expected to be 85.9 billion 
kWh, a year-on-year increase of 10.2% [117]. However, China’s energy consumption grew 
faster than expected, outpacing the supply chain’s ability to meet demand [118]. In 2021, 
households and businesses experienced power outages in multiple north-east provinces 
[119]. According to the World Bank, China’s carbon dioxide emissions per unit of GDP 
decreased from 0.68 kg in 2010 to 0.55 kg in 2015 and 0.45 kg in 2020 [120].

2020 Most of the world’s top 20 mega-cities will be 
in non-OECD countries.

The world’s top 20 megacities in 2020 were: Tokyo (Japan), Delhi (India), Shanghai (China), 
São Paulo (Brazil), Mexico City (Mexico), Cairo (Egypt), Mumbai (India), Beijing (China), 
Dhaka (Bangladesh), Osaka (Japan), New York-Newark (United States), Karachi (Pakistan), 
Buenos Aires (Argentina), Chongqing (China), Istanbul (Turkey), Kolkata (India), Manila 
(Philippines), Lagos (Nigeria), Rio de Janeiro (Brazil), and Tianjin (China) [121]. According 
to the list of countries belonging to the OECD [122], only Tokyo, Mexico City, Osaka, New 
York, and Istanbul are in OECD countries. The majority are in non-OECD countries.

2020 China is expected to have 500 new mid-sized 
cities.

As of June 2020, the PRC has a total of 687 cities.
According to China’s 7th National Population Census, among 297 cities analyzed, there 
are 17 megacities, 73 super large cities, 107 Type-I large cities, 79 Type-II large cities, 
and 21 medium and small-sized cities [123].

2020 Smartphone subscriptions are forecast to have 
more than doubled, and 70% of the world’s popu-
lation will own a smartphone.

Smartphone users reached 5.22 billion by the end of 2020, representing 66% 
of the world’s population [124].

2020 Through energy technology and innovation, we 
will see a reduction in greenhouse gas emissions 
of 20% compared to 1990 levels.

Global GHG emissions dropped from 52.4 gigatons of CO2e in 2019 to 50.1 gigatons 
in 2020 but are still above 1990 levels [125].

2020 Through energy technology and innovation, we will 
see the share of renewable sources grow to 20%.

According to Eurostat [126], the EU’s share of renewable sources in 2020 was 22.1%. 
However, the global share is still around 10% [127].

2020 Individuals who have access to resources can 
and will make decisions about the size of their fami-
lies. However, programs that support these decisions 
are underfunded, impacting low-income families.

The United Nations Population Fund (UNFPA) [128] states that 232 million women in develop-
ing countries want to prevent their pregnancies but are not using modern contraceptives. The 
global cost for ending unmet needs is 0.20 cents per person per day between 2020 and 2030, 
from about $6.3 billion annually by 2020 to about $10.8 billion annually by 2030 [128].

2020 The Finnish biofuel production pursues the target 
to achieve a 20% share of renewables in transport.

EU achieved the 2020 renewable energy in transport target of 10% (including liquid 
biofuels, biomethane, and ‘green’ electricity). Finland was the second among the EU 
member states, with 13.4% [129].

2020 People affected by poverty and social exclusion 
are reduced by 20 million through poverty policy 
programs in line with the EU strategy.

In 2014, the EU population was around 442.88 million, and 27.8% (approximately 123 mil-
lion) of people affected by poverty and social exclusion were reported in the EU-28 
[130]. In 2020, 96.5 million people in the EU were at risk of poverty or social exclusion, 
representing 21.9% of the population – a reduction of more than 26 million people [131].

2020 Achieve zero emissions from fossil fuel power 
plants through EU and member state research 
support and industry investment in Carbon Cap-
ture and Storage to stimulate public understand-
ing of the safety and reliability of the technology 
and its benefits.

Carbon Capture and Storage can be applied to industrial installations, such as cement 
or steel plants and power plants [132]. EU’s Innovation Fund and Horizon EU support 
research, development, and innovation for carbon capture and storage and car-
bon and utilization technologies to boost further industrial solutions’ deployment 
to decarbonize Europe [132]. Data from the European Environment Agency [133] show 
a decline in emissions from large combustion plants between 2004 and 2021: sulfur 
dioxide (SO2) and dust by 92%, and nitrogen oxides (NOx) by 70%, while the amount 
of fossil fuels used decreased by 35%.

2020 New regulations that require a 20% contribution 
of biofuels to transport energy reduce the CO2 
content of gasoline and diesel to 193 g/kWh 
and 231 g/kWh, respectively.

The CO2 content in gasoline was 66.8 g/MJ (approx.: 240 g/kWh) with a default 9% 
biofuel share, and in diesel, it was 63.9 g/MJ (approx.: 230 g/kWh) with a default13% 
biofuel share [134].
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Table 4   (Continued)

Year Event Actual Outcome

2020 We will have 75 billion networked devices. There were approximately 10–11 billion connected devices, with a significant portion 
coming from automotive-related devices [113].

2020 About 5% of the world’s precious minerals, 
including cobalt, copper, zinc, and rare earth, can 
come from ocean floors.

In 2023, the International Seabed Authority (ISA) failed to establish a regulatory 
framework for deep-sea mining. Therefore, companies can apply for licenses 
before the final rules [135]. The Metals Company intended to apply for mining 
the deep seafloor after the July 2024 ISA meeting [136]. There are several known 
resources of manganese nodules, Cobalt-rich ferromanganese crusts, and metal-
sulfur compounds in the deep sea [137], while new mineral resources are still being 
found [138]. Marine biologists claim that the damage mining causes to the seafloor 
will be “irreversible” [136]. Among this environmental discussion, deep-sea mining 
hasn’t started yet [139].

2020 International tourist arrivals worldwide are 
expected to rise to 1.4 billion people, compared 
with 1.1 billion in 2014.

International tourist arrivals worldwide dropped sharply in 2020 to approximately 
406.89 million due to the COVID-19 pandemic and only recovered in 2022. Despite the 
significant annual increase, international tourism arrivals remained below pre-pandemic 
levels, totaling approximately 963 million in 2022 [140].

2020 Enrollment numbers significantly declined, 
and second-tier universities needed to change 
their model of provision quickly to stay viable.

According to the National Center for Education Statistics [141], 4-year college 
enrollments had 10.4 million students in 2010 and 11.0 million in 2020 in the US. 
However, 2-year college enrollments significantly decreased from 7.7 million 
students in 2010 to 4.9 million in 2020. However, according to the OECD [142], 
the number of tertiary students in member states increased 1.45% between 2015 
and 2019. EU data show an increase from 17.2 million enrollments in 2015 to 18.0 
in 2020 [143]. The data suggests that the struggle of higher education institu-
tions is a US phenomenon. The high costs of a degree associated with the eco-
nomic crisis and lower birth rates are among the reasons for the decline 
in students [144, 145].

2020 Universities are shrinking their offerings. During challenging periods, universities often reduce the number of courses they 
offer and raise tuition fees [146, 147]. In the US, the trend for eliminating course offer-
ings and closing campuses occurred before [146, 147], during [148], and after [149–
151] the COVID-19 pandemic. The enrollment in 2-year colleges decreased 
from 7.7 million students in 2010 to 4.9 million in 2020 [74]. In the UK, university 
enrollments increased by around 10% between the 2019/20 and 2020/21 academic 
years despite COVID-19 [152].

2021 Stability and reduction in energy consumption 
of new passenger cars to 0.36 kWh/km (CO2 emis-
sions 95 g/km) through advances in automotive 
technology.

In 2021, the manufacturer’s CO2 performance was determined using the WLTP instead 
of the New European Driving Cycle (NEDC). The 95 g/km fleet-wide target above NEDC 
has been converted into manufacturer-specific WLTP targets based on the manufactur-
ers’ average vehicle mass in 2020 and 2021 and the manufacturers’ average WLTP-to-
NEDC CO2 emissions ratio in 2020. The European Environment Agency data [153] show 
that WLTP-weighted average CO2 emissions from new passenger car sales in 2021 were 
115 g/km and 16 g/km (12%) lower than in 2020. Including flexible compliance mechanisms, 
emissions decreased by 2 g/km (1.7%).

2022 Germany aims for a drastic reduction in CO2 
emissions and the termination of nuclear energy 
production.

Despite the reduction from 2014 (from 287.1 to 224.45 million metric tons), CO2 emissions 
have risen again since 2020 [154, 155]. In April 2023, Germany shut down its three 
remaining nuclear power plants, abandoning nuclear energy production [156].

2023 The processing capacity of computers will match 
that of the human brain.

The processing capacity of supercomputers is expected to match the scale of the human 
brain in 2024 with the launch of the DeepSouth, a neuromorphic supercomputer capable 
of performing 228 trillion synaptic operations per second [157, 158].

countries are willing to commit to the global consensus, 
and some conflicts arise over access to scarce resources.

In 2026, global oil production peaks, marking the 
onset of a decline [16]. Simultaneously, ethical and social 
concerns take center stage, extending beyond techni-
cal circles [49], while 2035 marks the peak of natural gas 
extraction [16]. By 2052, coal extraction peaks, signaling 
a shift in energy sources [16]. In 2080, Indonesia com-
mences decommissioning nuclear power plants [32].

By 2030, China’s energy mix reach about 30% of 
renewable energy production [16], and renewables 
cover three-quarters of the nation’s energy needs, 
aligning with the European Union’s target of 32% 
renewable energy [25]. Finland is undergoing a trans-
formative shift with a drastic reduction in energy con-
sumption due to improved efficiency. The European 
chemical industry retains its competitive position [18] 
while new initiatives in sustainable urban mobility 
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emerge [59]. The extra expenses associated with 
advanced vehicle technologies vary between 10,000€ 
and 15,000€, while the established CO2 reduction 
goals are set at 22% [15].

The year 2035 witnessed Finland achieving carbon 
neutrality [25], and Germany established legal guide-
lines for security technologies with ethical standards 
[17]. In 2050, there’s a global shift away from fossil fuels, 
with renewable electricity nearing 50%. The length of 
the road and rail transportation network increases by 
60%, while urban planning fosters alternative trans-
portation methods [32]. European cities become more 
attractive, leading to a decrease in cars per household. 
Public transportation is expanded and free for all, while 
CO2 emissions from transport are reduced by 60% [23]. 
The decision-makers generation embraces post-material 
values [40].

In 2032, Germany incorporates the European Directive 
on the Ethical Use of Artificial Intelligence into its legal 
system [17]. By 2035, the price of autonomous vehicle 
technology will reach $3,000 [15].

Digital divide
The world is increasingly divided between the con-
nected and the disconnected. While some countries have 
embraced the digital revolution, others are left behind 
due to a lack of infrastructure, poverty, or political rea-
sons. Smart cities, autonomous vehicles, and the Inter-
net of Things are transforming how we live and work and 
creating new challenges like privacy, cybersecurity, and 
job displacement. The rise of artificial intelligence and 
robotics further exacerbates the digital divide, as highly-
skilled workers are in demand while low-skilled jobs are 
disappearing. The social and economic consequences of 
the digital divide are hard to predict, but they are likely to 
be significant.

In 2023, a significant technological milestone will 
be achieved as the processing capacity of computers 
matches that of the human brain [14]. The year 2026 
marks a technological breakthrough with the growth of 
legged robotics [53].

By 2025, a global shift is expected, with an estimated 
1.8  billion people residing in water-scarce areas due to 
climate change and population growth [51]. In the eco-
nomic landscape, Asia dominates, accounting for 45% 
of the global GDP, primarily driven by having the larg-
est fraction of the world’s middle class [33]. However, 
this economic growth comes at the cost of technologi-
cal advancements, with 100  billion networked devices 
expected to be used [36], potentially leading to wide-
spread job displacement [42].

In 2030, a transformative era unfolds. Automation 
takes center stage, with robots, drones, and automa-
tons poised to revolutionize daily life, from delivering 
parcels to serving food [62]. The education landscape 
is shifting, focusing on action-oriented competencies 
and diversely assessed meta-skills [29]. This period 
also witnesses a rise in international tourism, reaching 
1.8  billion people globally [28]. By 2035, new regula-
tions demand comprehensive impact assessments for 
security technologies, addressing ethical concerns and 
unintended side effects [17].

However, we still have global issues. In 2035, half of the 
world’s population faces restrictions on water consump-
tion [14]. By 2040, hydrocarbons remain dominant, sup-
plying around 80% of global energy demand [14].

By 2040, technological advancements will become 
increasingly integrated with daily life, allowing devices to 
be operated through thoughts and showcasing the pro-
found impact of brain-focused technology [66].

In 2050, demographic shifts will occur as the global 
population of 65 and older triples compared to 2012 
[24]. European countries experience lifestyle changes, 
becoming less resource-intensive and more fulfilling 
[30]. Moreover, basic income policies have gained trac-
tion in several nations, though universal adoption is yet 
to be achieved [42].

Finally, by 2080, societal challenges will emerge as the 
population of those over the age of 80 + will more than 
double in the EU compared to 2014 numbers. Mean-
while, fewer workers increase the burden of social sup-
port [20].

Populist Backlash
A populist backlash against globalism and multicultural-
ism is rising in many parts of the world. The EU, the US, 
and other countries are experiencing a surge in national-
ism, protectionism, and xenophobia fueled by economic 
stagnation, immigration, and terrorism. Anti-establish-
ment parties and leaders are gaining ground, challeng-
ing the liberal democratic order and the rules-based 
international system. The EU faces internal divisions over 
immigration, fiscal policy, and sovereignty, while the US 
retreats from its global leadership role. The rise of pop-
ulism is creating a more fragmented and unstable world 
with unpredictable outcomes for trade, security, and 
human rights.

In 2024, the European security landscape faces chal-
lenges as the workforce shrinks and European workers 
disappear [20] while China and India emerge as global 
education and qualification powerhouses [40]. Uncer-
tain economic developments in Europe occur despite 
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expected growth and recovery from the financial cri-
sis in 2025 [37]. By 2030, a global workforce divide 
is projected, with 2  billion employed, 2  billion self-
employed, 1 billion in the informal economy, 1 billion 
unemployed or in transition, and 2.5 billion people not 
part of the workforce [24]. Simultaneously, urbaniza-
tion trends indicate that five billion people will inhabit 
urban areas [28].

In 2035, societal resistance to mass surveillance and 
a heightened awareness of data privacy are becoming 
prominent features [17]. Security technologies evolve 
to incorporate local demographics, urban structures, 
income statistics, and socio-cultural characteristics for 
crime predictions [17].

The year 2040 brings about significant demographic 
shifts and environmental challenges. Climate change 
leads to an estimated 220 million regional and transcon-
tinental refugees [14]. Life expectancy in Slovakia and 
the Czech Republic surpasses that of Western European 
countries, and fertility rates stabilize at 1.5 to 1.6 children 
per woman [26].

By 2045, weak states struggling to govern their terri-
tories persist, contributing to political and social insta-
bility [14]. In 2050, there will be a substantial increase 
in transcontinental migrants, reaching 450  million, due 
to political, economic, or environmental reasons [14]. 
Meanwhile, Slovakia and the Czech Republic have the 
peak of their sexually active population, with a further 
decline in the birth rates [26]. Additionally, the likelihood 
of mass migration between the EU and the US shows a 
slight upward trajectory [65].

Techno‑dystopia
Technology has created a new kind of dystopia in 
which humans increasingly depend on machines and 
algorithms daily. Smartphones, social media, and vir-
tual reality have blurred the lines between reality and 
fiction, creating a new form of addiction and aliena-
tion. Surveillance, biometric identification, and predic-
tive analytics are used to monitor and control people’s 
behavior, leading to a new kind of authoritarianism. The 
divide between the rich and poor is widening as auto-
mation and robotics replace human workers, creating 
new forms of inequality and social unrest. The ethical 
and legal frameworks for regulating technology struggle 
to keep up with innovation, leading to unintended con-
sequences and risks.

In 2030, the chemical industry rely heavily on oil-
based raw materials while promoting sustainability 
as a key value driver. This dual emphasis reflects a 
delicate balance between traditional practices and a 
growing commitment to environmentally conscious 

approaches [18]. An eightfold increase in road vehicles 
in China compared to current numbers, signaling sig-
nificant economic growth and a shift in transportation 
patterns [16].

Moreover, the year 2030 will witness the emergence 
of new fields, with their roots likely already visible, 
shaping various industries and redefining innovation 
[55]. Simultaneously, a substantial global increase in 
energy demand, dominated by fossil fuels in the power 
generation market, is projected [41]. Despite initia-
tives such as the EU Action Plan on Childhood Obesity, 
OECD projections indicate a concerning rise in obesity 
levels [34].

In 2033, the typical consumer utilizes the Internet for 
diverse activities, ranging from regular buying and gam-
ing to purchasing psychoactive drugs and seeking recov-
ery from addictions through telemedicine [21]. By 2035, 
criminal gangs exploit technology to identify lucrative 
targets, manipulating predictive police software and erod-
ing public confidence in security technologies [17]. In the 
same year, law enforcement will heavily rely on technolog-
ical solutions to combat various forms of crime [17].

In 2040, the Satellite Solar Power Station will become 
financially feasible due to reduced space launch costs, 
potentially revolutionizing the energy sector [43]. Simul-
taneously, world energy demand grow exponentially, 
emphasizing the persistent reliance on traditional energy 
sources [43]. However, technological advances in energy-
saving and renewable energies fall short of curbing the 
increase in CO2 emissions during the 2030s [14].

In 2045, the processing capacity of computers 
become 100,000 times higher than the human brain’s, 
signifying a significant milestone in technological 
development [14]. Finally, by 2050, European com-
panies are set to employ sophisticated analyses such 
as material flow analysis and life-cycle assessments to 
inform business strategies, particularly concerning 
end-of-life product options [30]. Despite technological 
innovations, there have been no substantial reductions 
in emissions, underscoring the persistent challenges in 
achieving environmental sustainability [23]. Addition-
ally, consumers take control of their diets using digital 
diet coaches [34].

Geopolitical turmoil
The world faces multiple crises and conflicts, ranging 
from terrorism and cyberwarfare to nuclear proliferation 
and territorial disputes. The EU, US, Russia, and China 
compete for influence and resources, creating new fault 
lines and alliances. The Middle East is still in turmoil, 
with multiple failed states and proxy wars. The Korean 
peninsula is on the brink of nuclear war, and the South 
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China Sea is a hotspot of tensions between China and its 
neighbors. The rise of non-state actors – such as terrorist 
groups and multinational corporations – challenges the 
global order, exploiting the weaknesses of the traditional 
state system. The risk of a major war or catastrophic 
event is high, and the international community struggles 
to find common solutions.

In 2030, projections indicate that approximately 
10% of the world’s precious minerals, such as cobalt, 
copper, zinc, and rare earth, could be sourced from 
ocean floors, reflecting a transformative shift in min-
eral extraction methodologies [37]. Simultaneously, 
the European Union faces a critical juncture as its fos-
sil fuel reserves are about to be depleted, posing chal-
lenges to energy security and necessitating strategic 
policy adjustments [22]. China emerges as a pivotal 
player, poised to ascend to the world’s leading eco-
nomic position, presenting a paradigm shift in global 
economic dynamics with potential implications for 
geopolitical stability [14]. Moreover, European petro-
chemical investments of around 2.7  billion in Chinese 
plants signify a deepening economic interdepend-
ence between Europe and China, indicative of evolving 
global economic landscapes [18]. However, concerns 
arise over Europe’s continued reliance on energy 
imports, accounting for 65 to 70% of its needs, poten-
tially escalating geopolitical tensions centered around 
maritime trade routes essential for global commerce 
[14]. The European chemical industry experiences sig-
nificant growth within this context, with total revenue 
reaching €477 billion, underlining its economic signifi-
cance [18]. In the same year, challenges persist in the 
chemical industry, marked by a high dependency on oil 
and naphtha as primary raw materials, fostering market 
volatility and stimulating research endeavors for sus-
tainable, non-oil-based processes [18]. The emergence 
of Asian dominance in the chemical sector underscores 
shifting dynamics in a multi-polar industry landscape, 
reflecting the globalization of economic forces [18]. 
Additionally, Sub-Saharan Africa’s working-age popu-
lation surpassing that of China suggests demographic 
shifts that may influence regional and global socio-eco-
nomic dynamics [14]. Simultaneously, the world popu-
lation surpasses 8  billion, signifying continued global 
demographic changes [14].

Fast forward to 2035, and the global liquefied natural 
gas trade is projected to surge by 46%, reflecting shifts 
in global energy consumption patterns [31]. Geopo-
litical tensions intensify as the United States con-
tends with increasing competition from China while 
maintaining its position as the world’s leading mili-
tary power [14]. Demographic changes become more 
pronounced with a 50% rise in coastal population and 

the working-age population in Sub-Saharan Africa 
surpassing that of India, highlighting regional demo-
graphic complexities [14].

Moving into 2040, the United States remains a 
dominant force in military and economic realms [14], 
while Slovakia experiences a demographic shift due to 
declining fertility rates in the preceding decades [26]. 
Energy demand escalates by 50%, reflecting growing 
global needs and potential challenges [14]. The world 
population nears 9 billion, indicating persistent demo-
graphic expansion and associated socio-economic 
implications [14].

By 2045, urbanization will accelerate, with 65% of the 
global population residing in urban areas, particularly 
mega-cities in developing countries [14]. The world 
population peaks at 10.5  billion, while energy demand 
doubles compared to 2015, underscoring the challenges 
posed by increasing global energy consumption [14]. 
Geopolitical dynamics continue to shift, with China 
matching the U.S. military spending, accounting for a 
substantial portion of the world’s military budget, and 
India’s defense spending surpassing that of the entire 
European continent [14].

In 2050, Africa contribute nearly 50% to global pop-
ulation growth, emphasizing the continent’s demo-
graphic significance [35]. Economic prosperity becomes 
evident in China, India, and other developing econo-
mies, particularly in Africa, driven by advancements 
in energy technologies [60]. China’s commitment to 
renewable energy production, reaching 30–45% of its 
overall energy mix, signifies a pivotal moment in global 
environmental efforts [16]. The world population will 
stabilize at nearly 9  billion, offering a glimpse into the 
potential effects of demographic transitions and global 
policy interventions [30].

Looking ahead to the year 2100, the world population 
exceeds 11 billion, showing a significant rise and prompt-
ing concerns about the sustainability of this demographic 
expansion [35].

Conclusions
The rapidly changing world accentuates the levels 
of uncertainty and complexity in processes, thereby 
increasing the demand for future-related studies. Euro-
pean regions face substantial problems while seeking to 
contribute to solving global challenges. This scenario 
creates a rich resource for critical examination and for-
ward-looking renewal. Futures Studies and technology 
roadmapping have been widely used in organizations 
to support decision-making. The European Journal of 
Futures Research has published several future events 
produced by academics over the past ten years.
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In this work, we analyzed all articles published in the 
European Journal of Futures Research until 2022. We 
presented an extensive overview of temporal trends 
and identified pertinent considerations regarding the 
events in the articles. Next, we used NERMAP soft-
ware to semi-automate the roadmapping process and 
presented the complete roadmap of events. Finally, 
we used the roadmap to perform two analyses. First, 
we created scenarios to provide researchers, organi-
zations, and government insights. By interconnect-
ing and summarizing the future-related literature, our 
research contributes significantly to Futures Research. 
Second, we analyzed the events that were expected 
to occur until 2023 and assessed how they developed 
in reality. These analyses provide a comprehensive 
understanding of the history of the European Journal 
of Futures Research and assess the reasonableness of 
future events.

Of the 203 articles analyzed in the EJFR database, we 
could gather future events in only 53 (26%) articles. 
We expect this low value is due to the lack of detected 
events in many articles and limitations on NERMAP’s 
capability to gather all expected possible events made 
in each article. We highlight that the analysis produces 
a roadmap, a set of scenarios, and a detailed analysis 
of the future events expected to happen until 2023. 
Another contribution we provide is the methodology 
that can be used to analyze other Journals or specific 
fields of study, gathering information from multiple 
sources. One of the advantages of employing NERMAP 
lies in its ability to efficiently manage large volumes of 
documents, resulting in significant time savings com-
pared to manual processing. This increased processing 
speed allows for the analysis of content that would be 
impractical to perform manually. However, there are 
other AI tools, such as Large Language Models (LLMs), 
available as alternatives, like GPT-4 [162], Bard [163], 
Llama 2 [164], and Grok [165] (among others) capable 
of extracting information from texts, but with a dis-
advantage of high cost. The analysis of extensive data 
sets using these LLMs can become excessively expen-
sive due to the necessary computational resources and 
cloud services. Such models frequently entail consider-
able operational expenses, rendering them less practi-
cal, particularly for projects with budget limitations.

Our findings can improve the decision-making pro-
cess for governments, researchers, enterprises, and 
people in general. Governments can benefit from the 
insights extracted from this research to inform policy-
making processes. By understanding possible future 

events and trends, policymakers can anticipate chal-
lenges and opportunities and develop strategies to 
address them effectively. Researchers can use the syn-
thesized insights to identify gaps in knowledge and 
areas for further exploration. By understanding the 
trajectory of future events as expected in the litera-
ture, researchers can prioritize their efforts and focus 
on areas likely to have significant impact or require 
attention. Enterprises can leverage the foresight gener-
ated from this research to inform their strategic plan-
ning processes. By understanding the potential future 
developments and disruptions, businesses can adapt 
their strategies to remain competitive and resilient in 
an uncertain environment. Finally, the scenarios and 
roadmaps can also serve as educational tools to raise 
public awareness about potential future trajectories 
and their implications. By disseminating the find-
ings to the general public, individuals can make more 
informed decisions about their lives, careers, and civic 
engagement.

A main takeaway from this work is the importance 
of regularly assessing the expected outcomes against 
real-world events. Such assessments can enhance the 
accuracy of short-term foresight and the reliability of 
researchers’ foresight tools. An important avenue of 
research emerges in developing frameworks that incor-
porate built-in “reality checks” to improve their preci-
sion. Nowadays, we usually update our future vision by 
cycling through the foresight process without revisiting 
our past predictions.

This work has some limitations. First, the fact-check-
ing analysis covers only the ten years of the EJFR’s 
existence. We could have a broader understanding if 
we used a more extensive dataset, which implies assess-
ing multiple journals. Second, we did not make any 
evaluation beyond the text excerpts gathered and their 
surroundings (when needed to increase our under-
standing). Therefore, we do not assess the methodology 
or the researchers’ specific goals while trying to predict 
a future event.

Future work may extend our study to other future-
related journals and incorporate additional informa-
tion, such as expert opinions for several fields, to 
improve the analysis of our results and develop broader 
and more complex scenarios. Additionally, compar-
ing our results with other roadmapping studies would 
be interesting to see the similarities and differences in 
applications and results produced. Finally, we can use 
our methodology to support decision-making processes 
in different domains.
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Appendix A: Timeline produced from the EJFR articles

Year Event Category Scenario Source

2015 Emerging markets make 26% of the European steam cracker capacity 
unprofitable. Steam Cracking is the petrochemical process in which 
saturated hydrocarbons are broken down into smaller, often unsaturated, 
hydrocarbons [67].

Industrial Green Renaissance  [18]

2015 Europe will have WiFi everywhere. Technological Digital Divide  [21]

2015 About 80% of Europeans will have small computation devices with 
touch screens.

Technological Digital Divide  [21]

2015 Additional costs for plug-in hybrid and battery electric car is 16,500€. 
For hydrogen cars, additional costs sum up to 35,000€.

Economic Green Renaissance  [15]

2015 Year of peak oil extraction. Industrial Green Renaissance  [16]

2015 According to the law, the share of biofuels in the fuel mix delivered by 
the service stations should be at least 8%.

Environmental Green Renaissance  [19]

2015 The demand for additional ICT practitioners in the EU is estimated to 
increase, reaching 500,000.

Economic Digital Divide  [38]

2016 The market opportunities for the transparent conducting oxides, 
polymers, and nanomaterials used in displays, photovoltaics, and other 
applications exceed 6.9 billion US dollars in revenues.

Economic Digital Divide  [44]

2016 Exclusive use of biometric passports. Government Techno-dystopia  [50]

2016 According to the law, the share of biofuels in the fuel mix delivered by 
the service stations should be at least 10%.

Environmental Green Renaissance  [19]

2017 The market potential for printed electronics will increase to  
US$48.2 billion.

Economic Digital Divide  [44]

2017 The unemployment rate in India will increase to 7.5%. Economic Geopolitical Turmoil  [24]

2017 Gothenburg, in Sweden, aims to have 100 self-driven cars. Technological Digital Divide  [22]

2017 According to the law, the share of biofuels in the fuel mix delivered by 
the service stations should be at least 12%.

Environmental Green Renaissance  [19]

2018 Germany and Italy, the EU’s first and third largest gas markets, are planning 
new Liquefied Natural Gas (LNG) facilities, and the US is expected to 
begin exporting LNG at scale.

Infrastructure Geopolitical Turmoil  [31]

2018 According to the law, the share of biofuels in the fuel mix delivered by 
the service stations should be at least 15%.

Environmental Green Renaissance  [19]

2019 Fully autonomous cars are expected to be deployed Technological Digital Divide  [22]

2019 The share of anti-European parties, especially from the nationalist right-
extremists, will increase in the next European Parliament.

Political Populist Backlash  [39]

2019 Two-thirds of all adults living in the European Union will not participate 
in the elections to the European Parliament.

Political Populist Backlash  [39]

2019 In the UK, the overall car use per person will increase by 1% compared 
to 2013.

Technological Populist Backlash  [22]

2020 The joint economic product of the EU and the US declined to approxi-
mately 30% of the world GDP, while China alone should rise to 19%.

Economic Geopolitical Turmoil  [33]

2020 Google’s autonomous car will go into mass production. Technological Techno-dystopia  [33]

2020 About 50.1 billion objects will be connected to the IoT. Technological Techno-dystopia  [36]

2020 Natural gas will replace the coal consumption in local power plants with 
natural gas. Hong Kong would import natural gas through a long-distance 
pipeline from central Asia and by liquefied natural gas arriving by ship 
from gas fields in the region and overseas.

Infrastructure Geopolitical Turmoil  [32]

2020 The EU member countries will be bound to significant reductions in 
greenhouse gas emissions and increases in the use of renewable energy.

Environmental Green Renaissance  [58]

2020 The EU will facilitate the strengthening of the knowledge-based economy 
by investing EUR 80 billion through the Horizon 2020 program.

Government Green Renaissance  [38]

2020 The South Stream project, led by Gazprom and with major EU shareholders, 
will potentially provide 63 billion cubic meters of Russian-controlled gas 
directly to the EU.

Infrastructure Geopolitical Turmoil  [31]

2020 The demand for additional ICT practitioners in the EU is estimated to 
increase, reaching 900,000.

Economic Digital Divide  [38]
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Year Event Category Scenario Source

2020 LNG may not be a viable alternative to piped Russian gas. Still, the market 
is expected to mature to the point where it could offer an alternative 
during negotiations with Russia.

Infrastructure Geopolitical Turmoil  [31]

2020 Approximately 90% of the world’s population will have access to mobile 
broadband networks.

Technological Techno-dystopia  [28]

2020 Policies to increase local government and community ownership of 
electricity grids will support the overall vision.

Infrastructure Techno-dystopia  [30]

2020 Connected devices will increase from 5 to around 25 billion, with a 
significant portion coming from automotive-related devices.

Technological Digital Divide  [22]

2020 There will be an increase in the use of renewable energy to 15% in China 
– compared to 9.5% in 2008 – of the total and specific targets for reducing 
energy consumption and CO2 emissions.

Environmental Green Renaissance  [16]

2020 There will be a ratio of non-fossil energy to primary energy consumption 
of 11.4% in China, decreasing energy consumption per unit of GDP by 
16% and reducing carbon dioxide emissions per unit of GDP by 17%.

Government Green Renaissance  [16]

2020 Most of the world’s top 20 mega-cities will be in non-OECD countries. Demographic Geopolitical Turmoil  [24]

2020 China is expected to have 500 new mid-sized cities. Demographic Geopolitical Turmoil  [24]

2020 Smartphone subscriptions are forecast to have more than doubled, and 
70% of the world’s population will own a smartphone.

Technological Techno-dystopia  [28]

2020 Through energy technology and innovation, we will see a reduction in 
greenhouse gas emissions of 20% compared to 1990 levels.

Environmental Green Renaissance  [16]

2020 Through energy technology and innovation, we will see the share of 
renewable sources grow to 20%.

Environmental Green Renaissance  [16]

2020 Individuals who have access to resources can and will make decisions 
about the size of their families. However, programs that support these 
decisions are underfunded, impacting low-income families.

Government Digital Divide  [35]

2020 The Finnish biofuel production pursues the target to achieve a 20% 
share of renewables in transport.

Industrial Green Renaissance  [19]

2020 People affected by poverty and social exclusion are reduced by  
20 million through poverty policy programs in line with the EU strategy.

Government Green Renaissance  [56]

2020 Achieve zero emissions from fossil fuel power plants through EU and 
member state research support and industry investment in Carbon 
Capture and Storage to stimulate public understanding of the safety and 
reliability of the technology and its benefits.

Environmental Green Renaissance  [41]

2020 New regulations that require a 20% contribution of biofuels to transport 
energy reduce the CO2 content of gasoline and diesel to 193 g/kWh 
and 231 g/kWh, respectively.

Environmental Green Renaissance  [15]

2020 We will have 75 billion networked devices. Technological Digital Divide  [36]

2020 About 5% of the world’s precious minerals, including cobalt, copper, 
zinc, and rare earth, can come from ocean floors.

Technological Geopolitical Turmoil  [37]

2020 International tourist arrivals worldwide are expected to rise to 1.4 billion 
people, compared with 1.1 billion in 2014.

Demographic Digital Divide  [28]

2020 Enrollment numbers significantly declined, and second-tier universities 
needed to change their model of provision quickly to stay viable.

Education Digital Divide  [27]

2020 Universities are shrinking their offerings. Education Digital Divide  [27]

2021 Stability and reduction in energy consumption of new passenger cars to 
0.36 kWh/km (CO2 emissions 95 g/km) through advances in automotive 
technology.

Technological Green Renaissance  [15]

2022 Germany aims for a drastic reduction in CO2 emissions and the termination 
of nuclear energy production.

Environmental Green Renaissance  [45]

2023 The processing capacity of computers will match that of the human brain. Technological Digital Divide  [14]

2024 The shrinking workforce and disappearance of European workers are 
the most insidious threats to European security and stability.

Economic Populist Backlash  [20]

2024 Two of the most populous countries in the world, China and India, will 
become global heavyweights in education and qualification.

Education Populist Backlash  [40]

2025 An estimated 1.8 billion people will live in areas plagued by water 
scarcity, with two-thirds of the world population living in water-stressed 
regions due to use, growth, and climate change.

Environmental Digital Divide  [51]
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2025 Asia accounts for 45% of the global GDP, having the largest fraction of 
the world’s middle class.

Economic Digital Divide  [33]

2025 Despite the expected growth and overcoming of the financial crisis, 
developments will be uncertain, especially in Europe.

Economic Populist Backlash  [37]

2025 We will have 100 billion networked devices. Technological Digital Divide  [36]

2025 New technologies will replace many blue and white-collar jobs, leaving 
many unemployed.

Technological Digital Divide  [42]

2025 We will see the implementation of new policy experiments centered 
on Universal basic income.

Government Digital Divide  [24]

2025 Messages will be composed of images and voices instead of writing. Technological Digital Divide  [21]

2025 Many schools/faculties will become nonviable, resulting in the closure 
of courses.

Education Digital Divide  [27]

2025 A collaborative effort among universities introduced Massive Open Online 
Courses (MOOCs) that provide enrollment, assessment, and certification 
opportunities, eventually leading to degree awards.

Education Digital Divide  [27]

2025 Universities integrate digitization, ICT, internationalization, and the impact 
of demographic trends to survive.

Education Digital Divide  [27]

2026 The peak oil year, i.e., the year in which global oil production reaches its 
maximum point and starts to decline.

Industrial Green Renaissance  [16]

2026 Clear ethical and social concerns will become a topic of a very general 
debate, not only among technical experts.

Social Green Renaissance  [49]

2026 Legged robotics grows thanks to several technological breakthroughs. Technological Digital Divide  [53]

2030 The energy consumption in Finland will drastically decrease especially 
because of advances in energy efficiency.

Technological Green Renaissance  [25]

2030 The share of renewables will grow and cover almost three-quarters of 
the total energy consumption in Finland.

Technological Green Renaissance  [25]

2030 A European Union target for the share of renewable energy sources is 
at least 32% of all final energy consumption.

Government Green Renaissance  [25]

2030 About 10% of the world’s precious minerals, including cobalt, copper, 
zinc, and rare earth, can come from ocean floors.

Technological Geopolitical Turmoil  [37]

2030 The chemical industry will still rely heavily on oil-based raw materials and, at 
the same time, promote sustainability as a key value driver for the industry.

Industrial Techno-dystopia  [18]

2030 Fossil fuel reserves in the EU will be exhausted. Industrial Geopolitical Turmoil  [22]

2030 The Global workforce will be divided into 2 billion employed, 2 billion 
self-employed, 1 billion in the informal economy, 1 billion unemployed 
or in transition, and 2.5 billion people not part of the workforce.

Economic Populist Backlash  [24]

2030 Five billion people will live in urban areas. Demographic Populist Backlash  [28]

2030 Robots, drones, and automatons might be able, 24 h a day, to serve 
food, deliver parcels, transport people, offer supermarket shopping, and 
answer calls in call centers without queueing, among others.

Technological Digital Divide  [62]

2030 China is expected to become the world’s leading economy when the country’s 
leadership is in a position to turn economic might into solid military power.

Political Geopolitical Turmoil  [14]

2030 European petrochemical players invest approximately 2.7 billion in 
plants in China.

Economic Geopolitical Turmoil  [18]

2030 Europe will still import 65 to 70% of its energy needs, which may be aggravating 
due to disputes over transit by maritime routes, crucial for world trade.

Political Geopolitical Turmoil  [14]

2030 The education focus shifts from individual skills and knowledge to more 
action-oriented competencies and meta-skills, assessed diversely.

Education Digital Divide  [29]

2030 The consumption of oil will be at a much lower level. Environmental Green Renaissance  [63]

2030 The emissions from sectors outside the EU Emission Trading System will 
need to be cut by 30% below the 2005 level.

Environmental Green Renaissance  [19]

2030 The way of learning will have changed, such as adapting learning 
to the learners’ talents, the increasing use of virtual environments, 
and the collective production of knowledge.

Education Digital Divide  [29]

2030 International tourist arrivals worldwide are expected to rise to 1.8 billion 
people (compared with 1.4 billion in 2020).

Demographic Digital Divide  [28]

2030 The number of road vehicles in China might increase eightfold. Economic Techno-dystopia  [16]
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2030 The total revenue of the European chemical industry will increase 
to €477 billion (compared to €317 billion in 2010).

Infrastructure Geopolitical Turmoil  [18]

2030 The European chemical industry will still exist and largely resemble 
the current competitive situation.

Economic Green Renaissance  [18]

2030 There will be an objective of increasing the share of renewable energy 
to at least 27% of the EU energy consumption.

Political Green Renaissance  [19]

2030 There will be new emerging fields whose first steps and roots are probably 
already seen.

Technological Techno-dystopia  [55]

2030 The European chemical industry will most likely be a part of European 
and global value chains, as customer industries will have manufacturing 
sites in Europe.

Economic Green Renaissance  [18]

2030 The customer industries will remain strong and grow in Europe. Economic Green Renaissance  [18]

2030 The chemical industry will still highly depend on oil and naphtha as 
essential raw materials for most products.

Industrial Geopolitical Turmoil  [18]

2030 The working life will be almost entirely based on working in teams, and 
the transversal task of the school will be to teach the pupils work skills.

Social Digital Divide  [29]

2030 The world energy demand will increase massively, with fossil fuels 
continuing to dominate the global power generation market.

Environmental Techno-dystopia  [41]

2030 The low dependency on oil and a low degree of sustainability orientation 
in the industry induce volatility in the market, increasing oil prices and 
leading to research initiatives to create non-oil-based chemical processes.

Industrial Geopolitical Turmoil  [18]

2030 Asian dominance in the chemical industry due to the customer industries’ 
requirements diverging needs in a multi-polar industry landscape.

Infrastructure Geopolitical Turmoil  [18]

2030 People and organizations worldwide will satisfy most of their demands or 
welfare-producing activities through Global Value-Producing Networks.

Social Digital Divide  [64]

2030 New initiatives of sustainable, modular, and multimodal urban mobility 
systems as traffic congestion hugely increases.

Technological Green Renaissance  [59]

2030 The timetable of basic education will be distributed somewhat equally 
between subject-based (tool and practical subjects) and action-ori-
ented (phenomena, projects, themes) syllabi.

Education Digital Divide  [29]

2030 Additional costs for plug-in hybrid and battery electric car is 10,000€. For 
hydrogen cars, additional costs sum up to 15,000€. Internal Combustion 
Engine cars are estimated to cost up to 4300€ due to lightweight materials.

Technological Green Renaissance  [15]

2030 OECD projections indicate increasing levels of obesity, even considering 
the EU Action Plan on Childhood Obesity and the EU Platform for Action 
on Diet, Physical Activity, and Health.

Health Techno-dystopia  [34]

2030 CO2 reduction of 22%. Environmental Green Renaissance  [15]

2030 Europeans have fewer stigmas towards drug users. Addictions are treated 
in medical facilities with no discrimination.

Social Green Renaissance  [21]

2030 New effective pharmacotherapies reduce drug addiction in Europe to 
almost zero.

Health Green Renaissance  [21]

2030 Advanced ICT promotes socio-economic development, restores and 
protects the environment, increases resource efficiency, upgrades legacy 
infrastructure, and retrofits industries based on sustainable design principles.

Technological Green Renaissance  [46]

2030 The increase in brain tumors is due to mobile phones and microwave 
ovens, lowering confidence in the e-society technology platform.

Health Digital Divide  [21]

2030 The European Directive on the Ethical Use of Artificial Intelligence is 
ratified.

Legal Green Renaissance  [17]

2030 Finland abandons the use of coal in energy production and oil in heating. Environmental Green Renaissance  [25]

2030 The population of working age in Sub-Saharan Africa will exceed that 
of China.

Demographic Geopolitical Turmoil  [14]

2030 The world population exceeds 8 billion. Demographic Geopolitical Turmoil  [14]

2030 China’s energy mix reaches 28–32% of renewable energy production. Environmental Green Renaissance  [16]

2030 The EU working age population (15–64 years) declines by 15% and is 
trimmed at both ends.

Demographic Digital Divide  [20]

2030 EU population of those over 80 years will grow by 39% compared to 2014. Demographic Digital Divide  [20]

2030 Finland to reduce greenhouse gas emissions by at least 40% compared 
to the 1990s.

Environmental Green Renaissance  [15]
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2030 The additional cost of improved fuel efficiency for trucks is estimated at 
15,000€.

Industrial Green Renaissance  [15]

2030 The additional cost of improved fuel efficiency for vans is estimated at 
5,000€.

Industrial Green Renaissance  [15]

2030 CO2 emissions are reduced by 27% when compared to 2011 figures. Environmental Green Renaissance  [15]

2030 CO2 emission reduction of 22% in Finland when compared to 2014 figures. Environmental Green Renaissance  [15]

2032 The European Directive on the Ethical Use of Artificial Intelligence has 
been adopted into German law.

Legal Green Renaissance  [17]

2033 The typical consumer uses the Internet for several relations, from regular 
buying and gaming to buying psychoactive drugs and recovering from 
their addictions through telemedicine.

Technological Techno-dystopia  [21]

2034 New laws make the data collected by credit-reporting agencies, health 
insurers, and other companies more transparent. In addition to viewing 
stored data, individuals can request information about scoring methods 
and can also have incorrect data revised or, in some cases, deleted.

Legal Digital Divide  [17]

2035 Finland achieves carbon neutrality for the whole society. Environmental Green Renaissance  [25]

2035 Global trade in LNG will rise to as much as 46% compared to 2014. Economic Geopolitical Turmoil  [31]

2035 The US will continue to be the world’s leading military power, 
although facing increasing competition from China.

Military Geopolitical Turmoil  [14]

2035 Society at large is opposed to mass surveillance and associated preventive 
measures.

Political Populist Backlash  [17]

2035 Criminal gangs use technology to find lucrative targets while manipulating 
predictive police software, avoiding their apprehension. Society loses 
confidence in police security technologies.

Social Techno-dystopia  [17]

2035 The police now rely extensively on technological solutions when combating 
all forms of crime.

Technological Techno-dystopia  [17]

2035 Half of the world’s population will suffer restrictions on drinking water 
consumption.

Infrastructure Digital Divide  [14]

2035 Germany’s legal framework for security technologies entails limitations 
to data privacy while providing ethical standards for the responsible 
use of information gathered in surveillance operations.

Legal Green Renaissance  [17]

2035 New security technologies regulation requires comprehensive impact 
assessments when the technology is planned, developed, or deployed 
due to the risk of unintended side effects and ethical concerns.

Government Digital Divide  [17]

2035 The public is highly aware of their right to data privacy. Social Populist Backlash  [17]

2035 The coastal population will have risen by 50% compared to 2000. Demographic Geopolitical Turmoil  [14]

2035 The population of working age in Sub-Saharan Africa will exceed that 
of India.

Demographic Geopolitical Turmoil  [14]

2035 The energy demand from China, India, and South-East Asia will account 
for 65% of the world’s total.

Infrastructure Geopolitical Turmoil  [14]

2035 Freedom of movement remains a highly valued good. Social Digital Divide  [17]

2035 Security technologies consider local demographics, urban structures, 
income statistics, and socio-cultural characteristics for crime predictions.

Technological Populist Backlash  [17]

2035 The world’s population is between 7.3 billion and 8.8 billion. Demographic Digital Divide  [14]

2035 Russian defense budget exceeds the combined budget of France, 
Germany, and the UK.

Military Geopolitical Turmoil  [14]

2035 The price for autonomous vehicle technology is about $3000. Economic Green Renaissance  [15]

2035 The world population exceeds 8.5 billion. Demographic Geopolitical Turmoil  [14]

2035 Year of peak natural gas extraction. Industrial Green Renaissance  [16]

2036 More than 60% of older women (+ 65) will have access to a car as a driver. Demographic Digital Divide  [22]

2036 In the UK, the overall car use per person will decline by 3% compared to 
2013 levels.

Social Digital Divide  [22]

2037 Robotic legs are an alternative to a rollator, enabling a person to climb 
stairs and access rougher terrain.

Technological Digital Divide  [57]

2040 Satellite Solar Power Station will become financially feasible due to the 
reduced space launch costs ($150/kg).

Technological Techno-dystopia  [43]
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2040 World energy demand is increasing continuously, and it is expected to 
grow multiple times by 2040

Infrastructure Techno-dystopia  [43]

2040 Technological advances in the fields of energy-saving and renewable 
energies are insufficient to curb the increase in CO2 emissions in the 2030s.

Environmental Techno-dystopia  [14]

2040 The US will still be the most powerful actor in military and economic terms. Military Geopolitical Turmoil  [14]

2040 Slovakia’s demographic pyramid presents a significant cut around age 
35 due to a decline in fertility in the 1990s.

Demographic Geopolitical Turmoil  [26]

2040 Devices can be used just by thinking a few thoughts due to the use of 
technology for studying the brain and its functional systems.

Technological Digital Divide  [66]

2040 Energy demand grows to 50% more than 2014’s levels. Economic Geopolitical Turmoil  [14]

2040 Due to climate change, there will be 220 million regional and transcon-
tinental refugees.

Environmental Populist Backlash  [14]

2040 Czechs and Slovaks aged 15–20 years increase due to the tertiary wave of 
births due to the pro-natalist measures implemented by the Czechoslovak 
government during the presidency of Gustáv Husák (1975–1989).

Demographic Geopolitical Turmoil  [26]

2040 Life expectancy in Slovakia and the Czech Republic grow slightly higher 
than the 2019 levels of Western European countries (France, the UK, and 
Germany).

Demographic Populist Backlash  [26]

2040 In Slovakia and the Czech Republic, the fertility level reaches 1.5 to 1.6 
children per woman.

Demographic Populist Backlash  [26]

2040 Europe experiences a stable situation due to good coordination at national 
and regional levels.

Political Green Renaissance  [47]

2040 Hydrocarbons still supply about 80% of energy demand. Industrial Digital Divide  [14]

2040 The world population is nearly 9 billion. Demographic Geopolitical Turmoil  [14]

2045 About 65% of the world’s population will live in urban areas, primarily 
due to mega-cities in developing countries.

Demographic Geopolitical Turmoil  [14]

2045 Weak states, incapable of controlling or governing part or all of their territory, 
continue to exist while some worsen their political and social situation.

Political Populist Backlash  [14]

2045 The processing capacity of computers is 100,000 times higher than that 
of the human brain.

Technological Techno-dystopia  [14]

2045 The world population peaks at 10.5 billion. Demographic Geopolitical Turmoil  [14]

2045 The growing energy demand will double when compared to 2015. Economic Geopolitical Turmoil  [14]

2045 China matches the US’s military spending, accounting for 45% of the 
world military budget.

Military Geopolitical Turmoil  [14]

2045 India’s defense spending surpasses that of the whole of Europe. Military Geopolitical Turmoil  [14]

2050 End of the fossil fuels era for Oil and Gas, with increasing reduction of 
their use.

Environmental Green Renaissance  [32]

2050 Renewable electricity production approaches 50% globally, requiring major 
expansions and cost reductions in battery-storage systems, but still requires 
natural gas and nuclear power to supplement the electricity supply.

Environmental Green Renaissance  [32]

2050 Road and rail transportation network length will increase by 60% 
compared to 2010.

Infrastructure Green Renaissance  [16]

2050 Africa is expected to account for nearly 50% of global population growth. Demographic Geopolitical Turmoil  [35]

2050 The number of people aged 65 and older tripled compared to 2012 figures. Demographic Digital Divide  [24]

2050 The elderly will form 41% of the adult population in Italy, 38% in Germany, 
33% in France, and 32% in the UK.

Demographic Digital Divide  [20]

2050 China, India, and other developing economies, especially in Africa, prosper in 
unprecedented ways due to multiple new energy technologies and sources.

Economic Geopolitical Turmoil  [60]

2050 European companies apply material flow analysis, life-cycle assessment, 
and material input per service unit to compare and identify new business 
strategies, particularly regarding end-of-life product options.

Environmental Techno-dystopia  [30]

2050 Europeans have lifestyles that are less resource-intensive and more 
fulfilling when compared to 2015.

Social Digital Divide  [30]

2050 Cars designed in 2015 are still in use. Technological Digital Divide  [19]

2050 China’s overall energy mix could reach 30-45% of renewable energy 
production.

Environmental Geopolitical Turmoil  [16]
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2050 France’s Delegation for Strategic Affairs estimates there will be 450 million 
transcontinental migrants owing to political, economic, or environmental 
reasons.

Demographic Populist Backlash  [14]

2050 Fewer people move to inner city areas, avoiding long-distance commuting 
between cities.

Social Green Renaissance  [61]

2050 Cities have become more attractive places to live. Social Green Renaissance  [23]

2050 European number of cars per household decreases. Social Green Renaissance  [23]

2050 European public transportation system has been expanded to include low-
carbon buses, trams, and metros, becoming free and available for everyone.

Government Green Renaissance  [23]

2050 The world population stabilizes at nearly 9 billion. Demographic Geopolitical Turmoil  [30]

2050 Conventional fuels do not motorize vehicles for passenger and freight 
transport but by a mix of renewable fuels for internal combustion 
engines, electricity, and hydrogen fuel cells.

Technological Green Renaissance  [23]

2050 Transport emissions were reduced by 60% when compared to 1990 levels. Environmental Green Renaissance  [23]

2050 Basic income policies exist in several countries but are not yet universal. Economic Digital Divide  [42]

2050 Many countries raised the pension age to 70 + years to avoid cutting 
pensions.

Economic Digital Divide  [20]

2050 In Slovakia and the Czech Republic, the sexually active population will 
reach the peak age for reproduction, with a decrease in the number of 
births after this point.

Demographic Populist Backlash  [26]

2050 The decision-makers generation, born in the 1990s and later, is likely to 
present post-material values.

Social Green Renaissance  [40]

2050 Technological innovations and developments have not achieved sub-
stantial reductions in emissions.

Technological Techno-dystopia  [23]

2050 Technology provides more free time for focusing on personal and collective 
development, tremendously improving the quality of life for senior citizens.

Social Digital Divide  [54]

2050 Renewable energy covers 80% of the US’s electricity demand. Environmental Green Renaissance  [16]

2050 The EU working age population (15–64 years) declines by 19% and is 
trimmed at both ends.

Demographic Digital Divide  [20]

2050 The likelihood of mass migration between the EU and the US is increasing 
slightly.

Political Populist Backlash  [65]

2050 Urban planning also supports people walking, cycling, and using public 
transport supported by a vast set of policy measures, which reduces 
the car mileage by 27% when compared to not taking action, reducing 
the required car fleet to 550,000 cars.

Environmental Green Renaissance  [15]

2050 Finland reduced greenhouse gas emissions by at least 80% compared 
to the 1990s.

Environmental Green Renaissance  [15]

2050 Large-scale modal shifts from cars to other transport modes and a significant 
increase in car occupancy reduce car mileage by 45% compared to taking no 
action.

Social Green Renaissance  [15]

2050 The additional cost of improved fuel efficiency for trucks is estimated at 
30,000€.

Economic Green Renaissance  [15]

2050 Europe’s population living in cities reaches about 86%. Demographic Digital Divide  [48]

2050 Plug-in hybrid cars sold reach 60% worldwide, battery electric cars 30%, 
and hydrogen-powered 10%.

Technological Green Renaissance  [15]

2050 Global CO2 emissions from transport are 9000 billion tons, which is 18% of 
human-made emissions, and these are expected to grow by 60% until 2050.

Environmental Green Renaissance  [15]

2050 CO2 emissions are reduced by 36% when compared to 2011 figures. Environmental Green Renaissance  [15]

2050 Consumers control their diets using digital diet coaches. Health Techno-dystopia  [34]

2050 The population will have access to a broad range of food products to 
buy 24/7.

Agricultural Green Renaissance  [34]

2050 CO2 emission reduction of 30% in Finland when compared to 2014 figures. Environmental Green Renaissance  [15]

2050 The world population in urban areas reaches 70%. Demographic Digital Divide  [52]

2050 Additional costs for plug-in hybrid and battery electric car is 2500€. 
For hydrogen cars, additional costs sum up to 4000€.

Technological Green Renaissance  [15]

2050 CO2 reduction of 30%. Environmental Green Renaissance  [15]
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2050 Construction, operation, and maintenance costs of road and rail transportation 
networks will represent 2% of global GDP.

Infrastructure Green Renaissance  [16]

2050 The additional cost of improved fuel efficiency for vans is estimated at 
10,000€.

Economic Green Renaissance  [15]

2052 Year of peak coal extraction. Industrial Green Renaissance  [16]

2080 Indonesia starts decommissioning its nuclear power plants. Infrastructure Green Renaissance  [32]

2080 Fewer workers increase the burden of social support. EU’s age dependency 
ratio reaches 77.9%, i.e., about one and a half workers for every dependent.

Social Digital Divide  [20]

2080 EU population of those over the age of 80 + will more than double when 
compared to 2014 numbers.

Demographic Digital Divide  [20]

2100 The global population surpasses 11 billion. Demographic Geopolitical Turmoil  [35]

Appendix B: the timeline for the Green Renaissance scenario

Year Event Category Source

2026 The peak oil year, i.e., the year in which global oil production reaches its maximum point and 
starts to decline.

Industrial  [16]

2026 Clear ethical and social concerns will become a topic of a very general debate, not only among 
technical experts.

Social  [49]

2030 The energy consumption in Finland will drastically decrease especially because of advances in 
energy efficiency.

Technological  [25]

2030 The share of renewables will grow and cover almost three-quarters of the total energy consumption 
in Finland.

Technological  [25]

2030 A European Union target for the share of renewable energy sources is at least 32% of all final 
energy consumption.

Government  [25]

2030 The consumption of oil will be at a much lower level. Environmental  [63]

2030 The emissions from sectors outside the EU Emission Trading System will need to be cut by 30% 
below the 2005 level.

Environmental  [19]

2030 The European chemical industry will still exist and largely resemble the current competitive 
situation.

Economic  [18]

2030 There will be an objective of increasing the share of renewable energy to at least 27% of the EU 
energy consumption.

Political  [19]

2030 The European chemical industry will most likely be a part of European and global value chains, 
as customer industries will have manufacturing sites in Europe.

Economic  [18]

2030 The customer industries will remain strong and grow in Europe. Economic  [18]

2030 New initiatives of sustainable, modular, and multimodal urban mobility systems as traffic 
congestion hugely increases.

Technological  [59]

2030 Additional costs for plug-in hybrid and battery electric car is 10,000€. For hydrogen cars, additional 
costs sum up to 15,000€. Internal Combustion Engine cars are estimated to cost up to 4300€ due 
to lightweight materials.

Technological  [15]

2030 CO2 reduction of 22%. Environmental  [15]

2030 Europeans have fewer stigmas towards drug users. Addictions are treated in medical facilities 
with no discrimination.

Social  [21]

2030 New effective pharmacotherapies reduce drug addiction in Europe to almost zero. Health  [21]

2030 Advanced ICT promotes socio-economic development, restores and protects the environment, 
increases resource efficiency, upgrades legacy infrastructure, and retrofits industries based on 
sustainable design principles.

Technological  [46]

2030 The European Directive on the Ethical Use of Artificial Intelligence is ratified. Legal  [17]

2030 Finland abandons the use of coal in energy production and oil in heating. Environmental  [25]

2030 China’s energy mix reaches 28–32% of renewable energy production. Environmental  [16]
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2030 Finland to reduce greenhouse gas emissions by at least 40% compared to the 1990s. Environmental  [15]

2030 The additional cost of improved fuel efficiency for trucks is estimated at 15,000€. Industrial  [15]

2030 The additional cost of improved fuel efficiency for vans is estimated at 5,000€. Industrial  [15]

2030 CO2 emissions are reduced by 27% when compared to 2011 figures. Environmental  [15]

2030 CO2 emission reduction of 22% in Finland when compared to 2014 figures. Environmental  [15]

2032 The European Directive on the Ethical Use of Artificial Intelligence has been adopted into German law. Legal  [17]

2035 Finland achieves carbon neutrality for the whole society. Environmental  [25]

2035 Germany’s legal framework for security technologies entails limitations to data privacy while providing 
ethical standards for the responsible use of information gathered in surveillance operations.

Legal  [17]

2035 The price for autonomous vehicle technology is about $3000. Economic  [15]

2035 Year of peak natural gas extraction. Industrial  [16]

2040 Europe experiences a stable situation due to good coordination at national and regional levels. Political  [47]

2050 End of the fossil fuels era for Oil and Gas, with increasing reduction of their use. Environmental  [32]

2050 Renewable electricity production approaches 50% globally, requiring major expansions and 
cost reductions in battery-storage systems, but still requires natural gas and nuclear power to 
supplement the electricity supply.

Environmental  [32]

2050 Road and rail transportation network length will increase by 60% compared to 2010. Infrastructure  [16]

2050 Fewer people move to inner city areas, avoiding long-distance commuting between cities. Social  [61]

2050 Cities have become more attractive places to live. Social  [23]

2050 European number of cars per household decreases. Social  [23]

2050 European public transportation system has been expanded to include low-carbon buses, 
trams, and metros, becoming free and available for everyone.

Government  [23]

2050 Conventional fuels do not motorize vehicles for passenger and freight transport but by a mix 
of renewable fuels for internal combustion engines, electricity, and hydrogen fuel cells.

Technological  [23]

2050 Transport emissions were reduced by 60% when compared to 1990 levels. Environmental  [23]

2050 The decision-makers generation, born in the 1990s and later, is likely to present post-material values. Social  [40]

2050 Renewable energy covers 80% of the US’s electricity demand. Environmental  [16]

2050 Urban planning also supports people walking, cycling, and using public transport supported 
by a vast set of policy measures, which reduces the car mileage by 27% when compared to 
not taking action, reducing the required car fleet to 550,000 cars.

Environmental  [15]

2050 Finland reduced greenhouse gas emissions by at least 80% compared to the 1990s. Environmental  [15]

2050 Large-scale modal shifts from cars to other transport modes and a significant increase in car 
occupancy reduce car mileage by 45% compared to taking no action.

Social  [15]

2050 The additional cost of improved fuel efficiency for trucks is estimated at 30,000€. Economic  [15]

2050 Plug-in hybrid cars sold reach 60% worldwide, battery electric cars 30%, and hydrogen-powered 10%. Technological  [15]

2050 Global CO2 emissions from transport are 9000 billion tons, which is 18% of human-made emissions, 
and these are expected to grow by 60% until 2050.

Environmental  [15]

2050 CO2 emissions are reduced by 36% when compared to 2011 figures. Environmental  [15]

2050 The population will have access to a broad range of food products to buy 24/7. Agricultural  [34]

2050 CO2 emission reduction of 30% in Finland when compared to 2014 figures. Environmental  [15]

2050 Additional costs for plug-in hybrid and battery electric car is 2500€. For hydrogen cars, additional 
costs sum up to 4000€.

Technological  [15]

2050 CO2 reduction of 30%. Environmental  [15]

2050 Construction, operation, and maintenance costs of road and rail transportation networks will 
represent 2% of global GDP.

Infrastructure  [16]

2050 The additional cost of improved fuel efficiency for vans is estimated at 10,000€. Economic  [15]

2052 Year of peak coal extraction. Industrial  [16]

2080 Indonesia starts decommissioning its nuclear power plants. Infrastructure  [32]
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Appendix C: the timeline for the Digital divide scenario

Year Event Category Source

2025 An estimated 1.8 billion people will live in areas plagued by water scarcity, with two-thirds of 
the world population living in water-stressed regions due to use, growth, and climate change.

Environmental  [51]

2025 Asia accounts for 45% of the global GDP, having the largest fraction of the world’s middle class. Economic  [33]

2025 We will have 100 billion networked devices. Technological  [36]

2025 New technologies will replace many blue and white-collar jobs, leaving many unemployed. Technological  [42]

2025 We will see the implementation of new policy experiments centered on Universal basic income. Government  [24]

2025 Messages will be composed of images and voices instead of writing. Technological  [21]

2025 Many schools/faculties will become nonviable, resulting in the closure of courses. Education  [27]

2025 A collaborative effort among universities introduced Massive Open Online Courses (MOOCs) 
that provide enrollment, assessment, and certification opportunities, eventually leading to 
degree awards.

Education  [27]

2025 Universities integrate digitization, ICT, internationalization, and the impact of demographic 
trends to survive.

Education  [27]

2026 Legged robotics grows thanks to several technological breakthroughs. Technological  [53]

2030 Robots, drones, and automatons might be able, 24 h a day, to serve food, deliver parcels, transport 
people, offer supermarket shopping, and answer calls in call centers without queueing, among others.

Technological  [62]

2030 The education focus shifts from individual skills and knowledge to more action-oriented competencies 
and meta-skills, assessed diversely.

Education  [29]

2030 The way of learning will have changed, such as adapting learning to the learners’ talents, 
the increasing use of virtual environments, and the collective production of knowledge.

Education  [29]

2030 International tourist arrivals worldwide are expected to rise to 1.8 billion people (compared 
with 1.4 billion in 2020).

Demographic  [28]

2030 The working life will be almost entirely based on working in teams, and the transversal task of 
the school will be to teach the pupils work skills.

Social  [29]

2030 People and organizations worldwide will satisfy most of their demands or welfare-producing 
activities through Global Value-Producing Networks.

Social  [64]

2030 The timetable of basic education will be distributed somewhat equally between subject-based 
(tool and practical subjects) and action-oriented (phenomena, projects, themes) syllabi.

Education  [29]

2030 The increase in brain tumors is due to mobile phones and microwave ovens, lowering confi-
dence in the e-society technology platform.

Health  [21]

2030 The EU working age population (15–64 years) declines by 15% and is trimmed at both ends. Demographic  [20]

2030 EU population of those over 80 years will grow by 39% compared to 2014. Demographic  [20]

2034 New laws make the data collected by credit-reporting agencies, health insurers, and other companies 
more transparent. In addition to viewing stored data, individuals can request information 
about scoring methods and can also have incorrect data revised or, in some cases, deleted.

Legal  [17]

2035 Half of the world’s population will suffer restrictions on drinking water consumption. Infrastructure  [14]

2035 New security technologies regulation requires comprehensive impact assessments when the 
technology is planned, developed, or deployed due to the risk of unintended side effects and 
ethical concerns.

Government  [17]

2035 Freedom of movement remains a highly valued good. Social  [17]

2035 The world’s population is between 7.3 billion and 8.8 billion. Demographic  [14]

2036 More than 60% of older women (+ 65) will have access to a car as a driver. Demographic  [22]

2036 In the UK, the overall car use per person will decline by 3% compared to 2013 levels. Social  [22]

2037 Robotic legs are an alternative to a rollator, enabling a person to climb stairs and access 
rougher terrain.

Technological  [57]

2040 Devices can be used just by thinking a few thoughts due to the use of technology for studying 
the brain and its functional systems.

Technological  [66]

2040 Hydrocarbons still supply about 80% of energy demand. Industrial  [14]

2050 The number of people aged 65 and older tripled compared to 2012 figures. Demographic  [24]

2050 The elderly will form 41% of the adult population in Italy, 38% in Germany, 33% in France, and 
32% in the UK.

Demographic  [20]

2050 Europeans have lifestyles that are less resource-intensive and more fulfilling when compared to 2015. Social  [30]

2050 Cars designed in 2015 are still in use. Technological  [19]
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2050 Basic income policies exist in several countries but are not yet universal. Economic  [42]

2050 Many countries raised the pension age to 70 + years to avoid cutting pensions. Economic  [20]

2050 Technology provides more free time for focusing on personal and collective development, 
tremendously improving the quality of life for senior citizens.

Social  [54]

2050 The EU working age population (15–64 years) declines by 19% and is trimmed at both ends. Demographic  [20]

2050 Europe’s population living in cities reaches about 86%. Demographic  [48]

2050 The world population in urban areas reaches 70%. Demographic  [52]

2080 Fewer workers increase the burden of social support. EU’s age dependency ratio reaches 
77.9%, i.e., about one and a half workers for every dependent.

Social  [20]

2080 EU population of those over the age of 80 + will more than double when compared to 2014 
numbers.

Demographic  [20]

Appendix D: the timeline for the Populist Backlash scenario

Year Event Category Source

2024 The shrinking workforce and disappearance of European workers are the most insidious threats to 
European security and stability.

Economic  [20]

2024 Two of the most populous countries in the world, China and India, will become global heavyweights 
in education and qualification.

Education  [40]

2025 Despite the expected growth and overcoming of the financial crisis, developments will be uncertain, 
especially in Europe.

Economic  [37]

2030 The Global workforce will be divided into 2 billion employed, 2 billion self-employed, 1 billion in the 
informal economy, 1 billion unemployed or in transition, and 2.5 billion people not part of the workforce.

Economic  [24]

2030 Five billion people will live in urban areas. Demographic  [28]

2035 Society at large is opposed to mass surveillance and associated preventive measures. Political  [17]

2035 The public is highly aware of their right to data privacy. Social  [17]

2035 Security technologies consider local demographics, urban structures, income statistics, and 
socio-cultural characteristics for crime predictions.

Technological  [17]

2040 Due to climate change, there will be 220 million regional and transcontinental refugees. Environmental  [14]

2040 Life expectancy in Slovakia and the Czech Republic grow slightly higher than the 2019 levels of 
Western European countries (France, the UK, and Germany).

Demographic  [26]

2040 In Slovakia and the Czech Republic, the fertility level reaches 1.5 to 1.6 children per woman. Demographic  [26]

2045 Weak states, incapable of controlling or governing part or all of their territory, continue to exist 
while some worsen their political and social situation.

Political  [14]

2050 France’s Delegation for Strategic Affairs estimates there will be 450 million transcontinental 
migrants owing to political, economic, or environmental reasons.

Demographic  [14]

2050 In Slovakia and the Czech Republic, the sexually active population will reach the peak age 
for reproduction, with a decrease in the number of births after this point.

Demographic  [26]

2050 The likelihood of mass migration between the EU and the US is increasing slightly. Political  [65]

Appendix E: the timeline for the Techno‑dystopia scenario

Year Event Category Source

2030 The chemical industry will still rely heavily on oil-based raw materials and, at the same time, 
promote sustainability as a key value driver for the industry.

Industrial  [18]

2030 The number of road vehicles in China might increase eightfold. Economic  [16]

2030 There will be new emerging fields whose first steps and roots are probably already seen. Technological  [55]

2030 The world energy demand will increase massively, with fossil fuels continuing to dominate 
the global power generation market.

Environmental  [41]
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2030 OECD projections indicate increasing levels of obesity, even considering the EU Action Plan 
on Childhood Obesity and the EU Platform for Action on Diet, Physical Activity, and Health.

Health  [34]

2033 The typical consumer uses the Internet for several relations, from regular buying and gaming 
to buying psychoactive drugs and recovering from their addictions through telemedicine.

Technological  [21]

2035 Criminal gangs use technology to find lucrative targets while manipulating predictive police 
software, avoiding their apprehension. Society loses confidence in police security technologies.

Social  [17]

2035 The police now rely extensively on technological solutions when combating all forms of crime. Technological  [17]

2040 Satellite Solar Power Station will become financially feasible due to the reduced space launch 
costs ($150/kg).

Technological  [43]

2040 World energy demand is increasing continuously, and it is expected to grow multiple times by 2040 Infrastructure  [43]

2040 Technological advances in the fields of energy-saving and renewable energies are insufficient 
to curb the increase in CO2 emissions in the 2030s.

Environmental  [14]

2045 The processing capacity of computers is 100,000 times higher than that of the human brain. Technological  [14]

2050 European companies apply material flow analysis, life-cycle assessment, and material input 
per service unit to compare and identify new business strategies, particularly regarding end-
of-life product options.

Environmental  [30]

2050 Technological innovations and developments have not achieved substantial reductions in 
emissions.

Technological  [23]

2050 Consumers control their diets using digital diet coaches. Health  [34]

Appendix F: the timeline for the geopolitical turmoil scenario

Year Event Category Source

2030 About 10% of the world’s precious minerals, including cobalt, copper, zinc, and rare earth, 
can come from ocean floors.

Technological  [37]

2030 Fossil fuel reserves in the EU will be exhausted. Industrial  [22]

2030 China is expected to become the world’s leading economy when the country’s leadership 
is in a position to turn economic might into solid military power.

Political  [14]

2030 European petrochemical players invest approximately 2.7 billion in plants in China. Economic  [18]

2030 Europe will still import 65 to 70% of its energy needs, which may be aggravating due 
to disputes over transit by maritime routes, crucial for world trade.

Political  [14]

2030 The total revenue of the European chemical industry will increase to €477 billion (com-
pared to €317 billion in 2010).

Infrastructure  [18]

2030 The chemical industry will still highly depend on oil and naphtha as essential raw materials 
for most products.

Industrial  [18]

2030 The low dependency on oil and a low degree of sustainability orientation in the industry 
induce volatility in the market, increasing oil prices and leading to research initiatives 
to create non-oil-based chemical processes.

Industrial  [18]

2030 Asian dominance in the chemical industry due to the customer industries’ requirements 
diverging needs in a multi-polar industry landscape.

Infrastructure  [18]

2030 The population of working age in Sub-Saharan Africa will exceed that of China. Demographic  [14]

2030 The world population exceeds 8 billion. Demographic  [14]

2035 Global trade in LNG will rise to as much as 46% compared to 2014. Economic  [31]

2035 The US will continue to be the world’s leading military power, although facing increasing 
competition from China.

Military  [14]

2035 The coastal population will have risen by 50% compared to 2000. Demographic  [14]

2035 The population of working age in Sub-Saharan Africa will exceed that of India. Demographic  [14]

2035 The energy demand from China, India, and South-East Asia will account for 65% of the 
world’s total.

Infrastructure  [14]

2035 Russian defense budget exceeds the combined budget of France, Germany, and the UK. Military  [14]

2035 The world population exceeds 8.5 billion. Demographic  [14]

2040 The US will still be the most powerful actor in military and economic terms. Military  [14]
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2040 Slovakia’s demographic pyramid presents a significant cut around age 35 due to a decline 
in fertility in the 1990s.

Demographic  [26]

2040 Energy demand grows to 50% more than 2014’s levels. Economic  [14]

2040 Czechs and Slovaks aged 15–20 years increase due to the tertiary wave of births due to the 
pro-natalist measures implemented by the Czechoslovak government during the presidency 
of Gustáv Husák (1975–1989).

Demographic  [26]

2040 The world population is nearly 9 billion. Demographic  [14]

2045 About 65% of the world’s population will live in urban areas, primarily due to mega-cities 
in developing countries.

Demographic  [14]

2045 The world population peaks at 10.5 billion. Demographic  [14]

2045 The growing energy demand will double when compared to 2015. Economic  [14]

2045 China matches the US’s military spending, accounting for 45% of the world military budget. Military  [14]

2045 India’s defense spending surpasses that of the whole of Europe. Military  [14]

2050 Africa is expected to account for nearly 50% of global population growth. Demographic  [35]

2050 China, India, and other developing economies, especially in Africa, prosper in unprecedented 
ways due to multiple new energy technologies and sources.

Economic  [60]

2050 China’s overall energy mix could reach 30-45% of renewable energy production. Environmental  [16]

2050 The world population stabilizes at nearly 9 billion. Demographic  [30]

2100 The global population surpasses 11 billion. Demographic  [35]

Funding
This research was funded by the Prince Mohammad Bin Fahd Center for 
Futuristic Studies (PMFCFS) at Prince Mohammad Bin Fahd University (PMU) 
in association with the World Futures Studies Federation (WFSF) through the 
PMFCFS Third Futures Research Grant.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 23 January 2024   Accepted: 8 May 2024

References
	 1.	 Gaponenko N (2022) In search of sectoral foresight methodology: 

bridging foresight and sectoral system of innovation and production. 
Futures 135:102859. https://​doi.​org/​10.​1016/j.​futur​es.​2021.​102859

	 2.	 Oosthuizen RM (2022) The Fourth Industrial Revolution – Smart 
Technology, Artificial Intelligence, Robotics and algorithms: industrial 
psychologists in future workplaces. Front Artif Intell 5:913168. https://​
doi.​org/​10.​3389/​frai.​2022.​913168

	 3.	 Grinin L, Grinin A, Korotayev A (2022) COVID-19 pandemic as a trigger 
for the acceleration of the cybernetic revolution, transition from e-gov-
ernment to e-state, and change in social relations. Technol Forecast Soc 
Chang 175:121348. https://​doi.​org/​10.​1016/j.​techf​ore.​2021.​121348

Abbreviations
AVT	� Autonomous Vehicle Tester
BEV	� Battery Electric Vehicle
CCS	� Carbon Capture and Storage
CO2	� Carbon Dioxide
EIA	� US Energy Information Administration
EJFR	� European Journal of Futures Research
EU	� European Union
FCEV	� Fuel Cell Electric Vehicle
GDP	� Gross Domestic Product
HEV	� Hybrid Electric Vehicle
ICEV	� Internal Combustion Engine Vehicle
ICT	� Information and Communication Technology
IoT	� Internet of Things
ISA	� International Seabed Authority
LLM	� Large Language Model
LNG	� Liquefied Natural Gas
MOOCs	� Massive Open Online Courses
NEDC	� New European Driving Cycle
NOx	� Nitrogen Oxides
OECD	� Organization for Economic Co-operation and Development
PC	� Personal Computer
SO2	� Sulfur Dioxide
TRM	� Technology Roadmapping
UNFPA	� United Nations Population Fund
WLTP	� Worldwide Harmonised Light Vehicles Test Procedure

Acknowledgements
This research was funded by the Prince Mohammad Bin Fahd Center for 
Futuristic Studies (PMFCFS) at Prince Mohammad Bin Fahd University (PMU) 
in association with the World Futures Studies Federation (WFSF) through the 
PMFCFS Third Futures Research Grant.

Authors’ contributions
Conceptualization: C.E.B.; Data curation: A.L.; Formal analysis: C.E.B. and A.L.; 
Funding acquisition: C.E.B.; Investigation: C.E.B., A.L. and J.M.d.S.; Methodology: 
C.E.B.; Resources: J.M.d.S.; Software: A.L.; Supervision: C.E.B. and J.M.d.S.; Valida-
tion: C.E.B., A.L., Y.L., H.S. and M.A.; Visualization: C.E.B.; Writing – original draft: 
C.E.B. and A.L.; Writing - review & editing: C.E.B., A.L., Y.L., H.S. and M.A.

https://doi.org/10.1016/j.futures.2021.102859
https://doi.org/10.3389/frai.2022.913168
https://doi.org/10.3389/frai.2022.913168
https://doi.org/10.1016/j.techfore.2021.121348


Page 32 of 35Barbosa et al. European Journal of Futures Research           (2024) 12:11 

	 4.	 Santos HSD, De Lima YO, Barbosa CE et al (2023) A Framework for 
assessing higher Education courses Employability. IEEE Access 
11:25318–25328. https://​doi.​org/​10.​1109/​ACCESS.​2023.​32567​22

	 5.	 Estreguil C, Buschke F (2022) The evolving role of the European Com-
mission in research on Africa, EUR 31195 EN, Publications Office of the 
European Union, Luxembourg, ISBN 978-92-76-56184-2. https://​doi.​org/​
10.​2760/​38335

	 6.	 Rungius C, Flink T (2020) Romancing science for global solutions: on 
narratives and interpretative schemas of science diplomacy. Humanit 
Soc Sci Commun 7:1–10. https://​doi.​org/​10.​1057/​s41599-​020-​00585-w

	 7.	 Porter AL, Ashton B, Clar G et al (2004) Technology futures analysis: 
toward integration of the field and new methods. Technol Forecast Soc 
Chang 71:287–303. https://​doi.​org/​10.​1016/j.​techf​ore.​2003.​11.​004

	 8.	 Richey JM, Grinnell M (2004) Evolution of Roadmapping at Motorola. 
Research-Technology Manage 47:37–41. https://​doi.​org/​10.​1080/​08956​
308.​2004.​11671​617

	 9.	 Lyra A, Barbosa CE, de Lima YO et al (2023) Toward computer-sup-
ported semi-automated timelines of future events. Eur J Futures Res 
11:4. https://​doi.​org/​10.​1186/​s40309-​023-​00216-y

	 10.	 de Lyra A O (2021) NERMAP: Apoiando o Processo De Roadmapping 
Tecnológico a Partir Da Técnica De Reconhecimento De Entidades 
Nomeadas. Dissertation, Universidade Federal do Rio de Janeiro.

	 11.	 Lyra A, Barbosa CE, Lima Y, Salazar  H, Souza J (2022) NERMAP: Col-
laborative Building of Technological Roadmaps Using Named Entity 
Recognition, 2022 IEEE 25th International Conference on Computer 
Supported Cooperative Work in Design (CSCWD), Hangzhou, China. 
p. 986–991. https://​doi.​org/​10.​1109/​CSCWD​54268.​2022.​97761​09

	 12.	 Nadeau D, Sekine S (2007) A survey of named entity recognition and 
classification. LI 30:3–26. https://​doi.​org/​10.​1075/​li.​30.1.​03nad

	 13.	 Cox AM (2021) Exploring the impact of Artificial Intelligence and robots 
on higher education through literature-based design fictions. Int J Educ 
Technol High Educ 18:3. https://​doi.​org/​10.​1186/​s41239-​020-​00237-8

	 14.	 Jordan J (2017) Political and social trends in the future of global secu-
rity. A meta-study on official perspectives in Europe and North America. 
Eur J Futures Res 5:11. https://​doi.​org/​10.​1007/​s40309-​017-​0120-x

	 15.	 Liimatainen H, Pöllänen M, Viri R (2018) CO2 reduction costs and 
benefits in transport: socio-technical scenarios. Eur J Futures Res 6:22. 
https://​doi.​org/​10.​1186/​s40309-​018-​0151-y

	 16.	 Hoppe M, Christ A, Castro A et al (2014) Transformation in transporta-
tion? Eur J Futures Res 2:45. https://​doi.​org/​10.​1007/​s40309-​014-​0045-6

	 17.	 Gerhold L, Brandes E (2021) Sociotechnical imaginaries of a secure 
future. Eur J Futures Res 9:7. https://​doi.​org/​10.​1186/​s40309-​021-​00176-1

	 18.	 Darkow I-L, von der Gracht HA (2013) Scenarios for the future of the 
European process industry - the case of the chemical industry. Eur J 
Futures Res 1:10. https://​doi.​org/​10.​1007/​s40309-​013-​0010-9

	 19.	 Tuominen A, Wessberg N, Leinonen A (2015) Participatory and prospec-
tive value network analysis: supporting transition towards biofuels in 
Finnish road transport. Eur J Futures Res 3:6. https://​doi.​org/​10.​1007/​
s40309-​015-​0064-y

	 20.	 McLean SB (2014) We are family? Governance and the prospects for 
instability in Europe. Eur J Futures Res 2:59. https://​doi.​org/​10.​1007/​
s40309-​014-​0059-0

	 21.	 Karlsen JE, Gual A, Anderson P (2013) Foresighting addiction and life-
styles in Europe 2030+. Eur J Futures Res 1:19. https://​doi.​org/​10.​1007/​
s40309-​013-​0019-0

	 22.	 Thomopoulos N, Givoni M (2015) The autonomous car—a blessing or 
a curse for the future of low carbon mobility? An exploration of likely 
vs. desirable outcomes. Eur J Futures Res 3:14. https://​doi.​org/​10.​1007/​
s40309-​015-​0071-z

	 23.	 Kammerlander M, Schanes K, Hartwig F et al (2015) A resource-efficient 
and sufficient future mobility system for improved well-being in Europe. 
Eur J Futures Res 3:8. https://​doi.​org/​10.​1007/​s40309-​015-​0065-x

	 24.	 Wilkinson A (2016) Using strategic foresight methods to anticipate and 
prepare for the jobs-scarce economy. Eur J Futures Res 4:12. https://​doi.​
org/​10.​1007/​s40309-​016-​0094-0

	 25.	 Rikkonen P, Lauttamäki V, Parkkinen M et al (2021) Five transition path-
ways to renewable energy futures—scenarios from a Delphi study on 
key drivers and policy options. Eur J Futures Res 9:14. https://​doi.​org/​10.​
1186/​s40309-​021-​00185-0

	 26.	 Bleha B (2019) How much can societal turning points affect forecasts’ 
accuracy in Europe? Case of post-communistic transformation in 
Slovakia and the Czech Republic. Eur J Futures Res 7:6. https://​doi.​org/​
10.​1186/​s40309-​019-​0158-z

	 27.	 Blass E, Hayward P (2014) Innovation in higher education; will there 
be a role for the academe/university in 2025? Eur J Futures Res 2:41. 
https://​doi.​org/​10.​1007/​s40309-​014-​0041-x

	 28.	 Bock K (2015) The changing nature of city tourism and its possible 
implications for the future of cities. Eur J Futures Res 3:20. https://​doi.​
org/​10.​1007/​s40309-​015-​0078-5

	 29.	 Airaksinen T, Halinen I, Linturi H (2017) Futuribles of learning 2030 - Del-
phi supports the reform of the core curricula in Finland. Eur J Futures 
Res 5:2. https://​doi.​org/​10.​1007/​s40309-​016-​0096-y

	 30.	 O’Brien M, Hartwig F, Schanes K et al (2014) Living within the safe 
operating space: a vision for a resource efficient Europe. Eur J Futures 
Res 2:48. https://​doi.​org/​10.​1007/​s40309-​014-​0048-3

	 31.	 Schubert SR, Pollak J, Brutschin E (2014) Two futures: EU-Russia relations 
in the context of Ukraine. Eur J Futures Res 2:52. https://​doi.​org/​10.​
1007/​s40309-​014-​0052-7

	 32.	 Lang G (2018) Urban energy futures: a comparative analysis. Eur J 
Futures Res 6:19. https://​doi.​org/​10.​1186/​s40309-​018-​0146-8

	 33.	 Schmidt VH (2017) Disquieting uncertainty. Three glimpses into the 
future. Eur J Futures Res 5:6. https://​doi.​org/​10.​1007/​s40309-​017-​0113-9

	 34.	 Bock A-K, Bontoux L (2017) Food safety and nutrition – how to 
prepare for a challenging future? New approaches for using scenarios 
for policy-making. Eur J Futures Res 5:10. https://​doi.​org/​10.​1007/​
s40309-​017-​0119-3

	 35.	 Ba A, Ellerby K, Green D et al (2019) Hybrid leadership councils: envi-
sioning inclusive and resilient governance. Eur J Futures Res 7:3. https://​
doi.​org/​10.​1186/​s40309-​019-​0155-2

	 36.	 Tzezana R (2016) Scenarios for crime and terrorist attacks using the 
internet of things. Eur J Futures Res 4:18. https://​doi.​org/​10.​1007/​
s40309-​016-​0107-z

	 37.	 Wolters HA, Gille J, de Vet JM, Molemaker RJ (2013) Scenarios for 
selected maritime economic functions. Eur J Futures Res 1:11. https://​
doi.​org/​10.​1007/​s40309-​013-​0011-8

	 38.	 Genov N (2014) The future of individualization in Europe: changing 
configurations in employment and governance. Eur J Futures Res 2:46. 
https://​doi.​org/​10.​1007/​s40309-​014-​0046-5

	 39.	 Pausch M (2014) Democratization and elitism in the EU: two opposing 
trends (Guest-Editor’s introduction to the topical collection on the 
future of Europe). Eur J Futures Res 2 s40309-014-0056–3. https://​doi.​
org/​10.​1007/​s40309-​014-​0056-3

	 40.	 Wilenius M (2014) Leadership in the sixth wave—excursions into the 
new paradigm of the Kondratieff cycle 2010–2050. Eur J Futures Res 
2:36. https://​doi.​org/​10.​1007/​s40309-​014-​0036-7

	 41.	 Gjefsen MD (2013) Limits to prediction: europeanizing technology in 
an expert forum. Eur J Futures Res. https://​doi.​org/​10.​1007/​s40309-​013-​
0024-3. 1:24

	 42.	 Ruotsalainen J, Heinonen S, Karjalainen J, Parkkinen M (2016) Peer-to-
peer work in the digital meaning society 2050. Eur J Futures Res 4:10. 
https://​doi.​org/​10.​1007/​s40309-​016-​0092-2

	 43.	 Chaudhary K, Kumar D (2018) Satellite solar wireless power transfer for 
baseload ground supply: clean energy for the future. Eur J Futures Res 
6:9. https://​doi.​org/​10.​1186/​s40309-​018-​0139-7

	 44.	 Parandian A, Rip A (2013) Scenarios to explore the futures of the emerg-
ing technology of organic and large area electronics. Eur J Futures Res 
1:9. https://​doi.​org/​10.​1007/​s40309-​013-​0009-2

	 45.	 Schirrmeister M (2014) Controversial futures—discourse analysis on 
utilizing the fracking technology in Germany. Eur J Futures Res 2:38. 
https://​doi.​org/​10.​1007/​s40309-​014-​0038-5

	 46.	 Bibri SE (2021) Data-driven smart eco-cities and sustainable inte-
grated districts: a best-evidence synthesis approach to an extensive 
literature review. Eur J Futures Res 9:16. https://​doi.​org/​10.​1186/​
s40309-​021-​00181-4

	 47.	 Héry M, Malenfer M (2020) Development of a circular economy and 
evolution of working conditions and occupational risks—a strate-
gic foresight study. Eur J Futures Res 8:8. https://​doi.​org/​10.​1186/​
s40309-​020-​00168-7

https://doi.org/10.1109/ACCESS.2023.3256722
https://doi.org/10.2760/38335
https://doi.org/10.2760/38335
https://doi.org/10.1057/s41599-020-00585-w
https://doi.org/10.1016/j.techfore.2003.11.004
https://doi.org/10.1080/08956308.2004.11671617
https://doi.org/10.1080/08956308.2004.11671617
https://doi.org/10.1186/s40309-023-00216-y
https://doi.org/10.1109/CSCWD54268.2022.9776109
https://doi.org/10.1075/li.30.1.03nad
https://doi.org/10.1186/s41239-020-00237-8
https://doi.org/10.1007/s40309-017-0120-x
https://doi.org/10.1186/s40309-018-0151-y
https://doi.org/10.1007/s40309-014-0045-6
https://doi.org/10.1186/s40309-021-00176-1
https://doi.org/10.1007/s40309-013-0010-9
https://doi.org/10.1007/s40309-015-0064-y
https://doi.org/10.1007/s40309-015-0064-y
https://doi.org/10.1007/s40309-014-0059-0
https://doi.org/10.1007/s40309-014-0059-0
https://doi.org/10.1007/s40309-013-0019-0
https://doi.org/10.1007/s40309-013-0019-0
https://doi.org/10.1007/s40309-015-0071-z
https://doi.org/10.1007/s40309-015-0071-z
https://doi.org/10.1007/s40309-015-0065-x
https://doi.org/10.1007/s40309-016-0094-0
https://doi.org/10.1007/s40309-016-0094-0
https://doi.org/10.1186/s40309-021-00185-0
https://doi.org/10.1186/s40309-021-00185-0
https://doi.org/10.1186/s40309-019-0158-z
https://doi.org/10.1186/s40309-019-0158-z
https://doi.org/10.1007/s40309-014-0041-x
https://doi.org/10.1007/s40309-015-0078-5
https://doi.org/10.1007/s40309-015-0078-5
https://doi.org/10.1007/s40309-016-0096-y
https://doi.org/10.1007/s40309-014-0048-3
https://doi.org/10.1007/s40309-014-0052-7
https://doi.org/10.1007/s40309-014-0052-7
https://doi.org/10.1186/s40309-018-0146-8
https://doi.org/10.1007/s40309-017-0113-9
https://doi.org/10.1007/s40309-017-0119-3
https://doi.org/10.1007/s40309-017-0119-3
https://doi.org/10.1186/s40309-019-0155-2
https://doi.org/10.1186/s40309-019-0155-2
https://doi.org/10.1007/s40309-016-0107-z
https://doi.org/10.1007/s40309-016-0107-z
https://doi.org/10.1007/s40309-013-0011-8
https://doi.org/10.1007/s40309-013-0011-8
https://doi.org/10.1007/s40309-014-0046-5
https://doi.org/10.1007/s40309-014-0056-3
https://doi.org/10.1007/s40309-014-0056-3
https://doi.org/10.1007/s40309-014-0036-7
https://doi.org/10.1007/s40309-013-0024-3
https://doi.org/10.1007/s40309-013-0024-3
https://doi.org/10.1007/s40309-016-0092-2
https://doi.org/10.1186/s40309-018-0139-7
https://doi.org/10.1007/s40309-013-0009-2
https://doi.org/10.1007/s40309-014-0038-5
https://doi.org/10.1186/s40309-021-00181-4
https://doi.org/10.1186/s40309-021-00181-4
https://doi.org/10.1186/s40309-020-00168-7
https://doi.org/10.1186/s40309-020-00168-7


Page 33 of 35Barbosa et al. European Journal of Futures Research           (2024) 12:11 	

	 48.	 Wepner B, Giesecke S (2018) Drivers, trends and scenarios for the 
future of health in Europe. Impressions from the FRESHER project. Eur J 
Futures Res 6:2. https://​doi.​org/​10.​1007/​s40309-​017-​0118-4

	 49.	 Jónasson JT (2016) Educational change, inertia and potential futures: 
why is it difficult to change the content of education? Eur J Futures Res 
4:7. https://​doi.​org/​10.​1007/​s40309-​016-​0087-z

	 50.	 Brocza S, Paulhart K (2015) EU mobility partnerships: a smart instrument 
for the externalization of migration control. Eur J Futures Res 3:15. 
https://​doi.​org/​10.​1007/​s40309-​015-​0073-x

	 51.	 San-Jose L, Retolaza JL (2018) European Business Ethics agenda based 
on a Delphi analysis. Eur J Futures Res 6:12. https://​doi.​org/​10.​1186/​
s40309-​018-​0141-0

	 52.	 Olsmats C, Kaivo-oja J (2014) European packaging industry foresight 
study—identifying global drivers and driven packaging industry impli-
cations of the global megatrends. Eur J Futures Res 2:39. https://​doi.​
org/​10.​1007/​s40309-​014-​0039-4

	 53.	 Aminova E (2016) Forecasting potential innovation activities in 
high-tech industries triggered by merger and acquisition deals: a 
framework of analysis. Eur J Futures Res 4:5. https://​doi.​org/​10.​1007/​
s40309-​016-​0086-0

	 54.	 Gudowsky N, Peissl W (2016) Human centred science and technol-
ogy—transdisciplinary foresight and co-creation as tools for active 
needs-based innovation governance. Eur J Futures Res 4:8. https://​doi.​
org/​10.​1007/​s40309-​016-​0090-4

	 55.	 Myllylä Y, Kaivo-oja J (2015) Integrating Delphi methodology to some 
classical concepts of the Boston consulting group framework: arctic 
maritime technology BCG Delphi foresight—a pilot study from Finland. 
Eur J Futures Res 3:2. https://​doi.​org/​10.​1007/​s40309-​014-​0060-7

	 56.	 Gaisbauer HP, Sedmak C (2014) Neglected futures. Considering over-
looked poverty in Europe. Eur J Futures Res 2:57. https://​doi.​org/​10.​
1007/​s40309-​014-​0057-2

	 57.	 Linturi R, Höyssä M, Kuusi O, Vähämäki V (2022) Radical Technology 
Inquirer: a methodology for holistic, transparent and participatory 
technology foresight. Eur J Futures Res 10:18. https://​doi.​org/​10.​1186/​
s40309-​022-​00206-6

	 58.	 Pihlajamaa M, Patana A, Polvinen K, Kanto L (2013) Requirements for 
innovation policy in emerging high-tech industries. Eur J Futures Res 
1:8. https://​doi.​org/​10.​1007/​s40309-​013-​0008-3

	 59.	 Woznica M (2022) Stage performances as means for linking socio-
technical imaginaries and projective genres in the discourse around 
urban air mobility. Eur J Futures Res 10:12. https://​doi.​org/​10.​1186/​
s40309-​022-​00198-3

	 60.	 Heinonen S, Karjalainen J, Ruotsalainen J, Steinmüller K (2017) Surprise 
as the new normal – implications for energy security. Eur J Futures Res 
5:12. https://​doi.​org/​10.​1007/​s40309-​017-​0117-5

	 61.	 Julsrud TE, Priya Uteng T (2015) Technopolis, shared resources or con-
trolled mobility? A net-based Delphi-study to explore visions of future 
urban daily mobility in Norway. Eur J Futures Res 3:10. https://​doi.​org/​
10.​1007/​s40309-​015-​0069-6

	 62.	 Braun A, Zweck A, Holtmannspötter D (2016) The ambiguity of intel-
ligent algorithms: job killer or supporting assistant. Eur J Futures Res 4:9. 
https://​doi.​org/​10.​1007/​s40309-​016-​0091-3

	 63.	 Kuusi O, Cuhls K, Steinmüller K (2015) The futures map and its 
quality criteria. Eur J Futures Res 3:22. https://​doi.​org/​10.​1007/​
s40309-​015-​0074-9

	 64.	 Vasamo A-L (2015) The Radical Technology Inquirer (RTI) tool for 
technology anticipation and evaluation: introduction and qual-
ity criteria analysis. Eur J Futures Res 3:18. https://​doi.​org/​10.​1007/​
s40309-​015-​0081-x

	 65.	 Hauptman A, Hoppe M, Raban Y (2015) Wild cards in transport. Eur J 
Futures Res 3:7. https://​doi.​org/​10.​1007/​s40309-​015-​0066-9

	 66.	 Rasa T, Laherto A (2022) Young people’s technological images of the 
future: implications for science and technology education. Eur J Futures 
Res 10:4. https://​doi.​org/​10.​1186/​s40309-​022-​00190-x

	 67.	 Kutz M (2011) Applied plastics engineering handbook: processing and 
materials. William Andrew, Norwich, NY

	 68.	 MRC (2021) OMV European refineries operated with 83% capacity 
utilisation in H1 2021. https://​www.​mrchub.​com/​news/​391388-​omv-​
europ​ean-​refin​eries-​opera​ted-​with-​83-​perce​nt-​capac​ity-​utili​sation-​in-​
h1-​2021. Accessed 27 May 2023.

	 69.	 Holmvik G, Brooks B, Allen K et al (2019) Global petrochemical trends 
H1 2020. Petrochemicals, S&P Global Platts. https://​www.​spglo​bal.​com/​
platts/​platt​scont​ent/_​asset​s/_​files/​en/​speci​alrep​orts/​petro​chemi​cals/​
global-​petro​chemi​cal-​trends-​h1-​2020.​pdf. Accessed 27 May 2023

	 70.	 Masterson V (2022) 70% of homes in the EU have high-speed internet 
– but a digital divide persists. In: World Economic Forum. https://​www.​
wefor​um.​org/​agenda/​2022/​09/​eu-​high-​speed-​inter​net-​digit​al-​divide/. 
Accessed 27 May 2023

	 71.	 Pew Research Center (2016) Smartphone ownership and internet usage 
continues to climb in emerging economies. https://​www.​pewre​search.​
org/​global/​2016/​02/​22/​smart​phone-​owner​ship-​and-​inter​net-​usage-​
conti​nues-​to-​climb-​in-​emerg​ing-​econo​mies/. Accessed 27 May 2023

	 72.	 Burnham A, Gohlke D, Rush L et al (2021) Comprehensive Total Cost of 
Ownership Quantification for Vehicles with Different Size Classes and 
Powertrains. United States. https://​doi.​org/​10.​2172/​17809​70

	 73.	 International Energy Agency (2016) World Energy Outlook 2016, 
IEA, Paris. https://​www.​iea.​org/​repor​ts/​world-​energy-​outlo​ok-​2016. 
Accessed 26 Aug 2023

	 74.	 U.S. Energy Information Administration (2021) Annual Energy Outlook 
2021. https://​www.​eia.​gov/​outlo​oks/​archi​ve/​aeo21/. Accessed 27 May 
2023

	 75.	 Eurostat (2023) Employed ICT specialists - total. https://​ec.​europa.​eu/​
euros​tat/​datab​rowser/​view/​isoc_​sks_​itspt/​defau​lt/​table?​lang=​en. 
Accessed 31 Aug 2023

	 76.	 KBV Research (2022) Transparent Conductive Films Market Size, Forecast 
to 2028. In: KBV Research. https://​www.​kbvre​search.​com/​trans​parent-​
condu​ctive-​films-​market/. Accessed 25 Aug 2023

	 77.	 Digital J (2023) Transparent Conductive Film Market will see Massive 
Growth by CAGR of 16.8% and Revenues at USD 14255 Million during 
Forecast years 2030 |99 Pages Report. https://​www.​digit​aljou​rnal.​com/​
pr/​news/​theex​press​wire/​trans​parent-​condu​ctive-​film-​market-​will-​see-​
massi​ve-​growth-​by-​cagr-​of-​16-8-​and-​reven​ues-​at-​usd-​14255-​milli​on-​
during-​forec​ast-​years-​2030-​99-​pages-​report. Accessed 25 Aug 2023

	 78.	 Verified Market Research (VMR) (2022) Transparent Conductive Films 
Market Size, Share, Trends, & Forecast. In: Verified Market Research. 
https://​www.​verif​iedma​rketr​esear​ch.​com/​produ​ct/​trans​parent-​condu​
ctive-​films-​market/. Accessed 25 Aug 2023

	 79.	 ETIASeu (2023) Travelling to Europe from the UK with a biometric 
passport. In: ETIASeu.co.uk. https://​www.​etias​eu.​co.​uk/​etias-​news/​trave​
lling-​europe-​from-​uk-​biome​tric-​passp​ort. Accessed 27 May 2023

	 80.	 Markets and Markets (2021) Printed Electronics Market Revenue Trends 
and Growth Drivers. https://​www.​marke​tsand​marke​ts.​com/​Market-​
Repor​ts/​print​ed-​elect​ronics-​market-​197.​html. Accessed 27 May 2023

	 81.	 Macrotrends (2023) India Unemployment Rate 1991–2023. In: Mac-
rotrends. https://​www.​macro​trends.​net/​count​ries/​IND/​india/​unemp​
loyme​nt-​rate. Accessed 27 May 2023

	 82.	 Autocar Pro News Desk (2016) Volvo Cars’ ambitious ‘Drive Me’ public 
autonomous driving experiment takes off. In: Autocar Professional. 
https://​www.​autoc​arpro.​in/​news-​inter​natio​nal/​volvo-​cars-​ambit​ious-​
drive-​public-​auton​omous-​drivi​ng-​exper​iment-​takes-​21684. Accessed 
17 Aug 2023

	 83.	 Cohen S (2019) Volvo gets approval for a no-hands test of its self-
driving cars. In: driving. https://​drivi​ng.​ca/​auto-​news/​news/​volvo-​gets-​
appro​val-​for-a-​no-​hands-​test-​of-​its-​self-​drivi​ng-​cars. Accessed 16 Aug 
2023

	 84.	 Vaish E (2019) Volvo’s self-driving car venture gets nod to test on Swed-
ish roads. Reuters. https://​www.​reute​rs.​com/​artic​le/​us-​volvo-​auton​
omous-​idUSK​CN1PM​1J2. Accessed 16 Aug 2023

	 85.	 Waldholz R, Wehrmann B, Wettengel J (2023) Ukraine war pushes Ger-
many to build LNG terminals. In: Clean Energy Wire. https://​www.​clean​
energ​ywire.​org/​facts​heets/​lique​fied-​gas-​does-​lng-​have-​place-​germa​
nys-​energy-​future. Accessed 17 Aug 2023.

	 86.	 Elliott S (2023) Germany sees LNG import capacity of 37 Bcm/year in 
2024: ministry. https://​www.​spglo​bal.​com/​commo​dityi​nsigh​ts/​en/​mar-
ket-​insig​hts/​latest-​news/​natur​al-​gas/​011323-​germa​ny-​sees-​lng-​import-​
capac​ity-​of-​37-​bcmye​ar-​in-​2024-​minis​try. Accessed 17 Aug 2023.

	 87.	 Offshore LNG (2023) Toscana Our History. In: OLT Offshore LNG Toscana. 
https://​www.​oltof​fshore.​it/​en/​compa​ny/​our-​histo​ry/. Accessed 17 Aug 2023

	 88.	 Szabo Z (2023) Italy’s Piombino LNG plant receives first Eni cargo. In: 
Upstream Online | Latest oil and gas news. https://​www.​upstr​eamon​

https://doi.org/10.1007/s40309-017-0118-4
https://doi.org/10.1007/s40309-016-0087-z
https://doi.org/10.1007/s40309-015-0073-x
https://doi.org/10.1186/s40309-018-0141-0
https://doi.org/10.1186/s40309-018-0141-0
https://doi.org/10.1007/s40309-014-0039-4
https://doi.org/10.1007/s40309-014-0039-4
https://doi.org/10.1007/s40309-016-0086-0
https://doi.org/10.1007/s40309-016-0086-0
https://doi.org/10.1007/s40309-016-0090-4
https://doi.org/10.1007/s40309-016-0090-4
https://doi.org/10.1007/s40309-014-0060-7
https://doi.org/10.1007/s40309-014-0057-2
https://doi.org/10.1007/s40309-014-0057-2
https://doi.org/10.1186/s40309-022-00206-6
https://doi.org/10.1186/s40309-022-00206-6
https://doi.org/10.1007/s40309-013-0008-3
https://doi.org/10.1186/s40309-022-00198-3
https://doi.org/10.1186/s40309-022-00198-3
https://doi.org/10.1007/s40309-017-0117-5
https://doi.org/10.1007/s40309-015-0069-6
https://doi.org/10.1007/s40309-015-0069-6
https://doi.org/10.1007/s40309-016-0091-3
https://doi.org/10.1007/s40309-015-0074-9
https://doi.org/10.1007/s40309-015-0074-9
https://doi.org/10.1007/s40309-015-0081-x
https://doi.org/10.1007/s40309-015-0081-x
https://doi.org/10.1007/s40309-015-0066-9
https://doi.org/10.1186/s40309-022-00190-x
https://www.mrchub.com/news/391388-omv-european-refineries-operated-with-83-percent-capacity-utilisation-in-h1-2021
https://www.mrchub.com/news/391388-omv-european-refineries-operated-with-83-percent-capacity-utilisation-in-h1-2021
https://www.mrchub.com/news/391388-omv-european-refineries-operated-with-83-percent-capacity-utilisation-in-h1-2021
https://www.spglobal.com/platts/plattscontent/_assets/_files/en/specialreports/petrochemicals/global-petrochemical-trends-h1-2020.pdf
https://www.spglobal.com/platts/plattscontent/_assets/_files/en/specialreports/petrochemicals/global-petrochemical-trends-h1-2020.pdf
https://www.spglobal.com/platts/plattscontent/_assets/_files/en/specialreports/petrochemicals/global-petrochemical-trends-h1-2020.pdf
https://www.weforum.org/agenda/2022/09/eu-high-speed-internet-digital-divide/
https://www.weforum.org/agenda/2022/09/eu-high-speed-internet-digital-divide/
https://www.pewresearch.org/global/2016/02/22/smartphone-ownership-and-internet-usage-continues-to-climb-in-emerging-economies/
https://www.pewresearch.org/global/2016/02/22/smartphone-ownership-and-internet-usage-continues-to-climb-in-emerging-economies/
https://www.pewresearch.org/global/2016/02/22/smartphone-ownership-and-internet-usage-continues-to-climb-in-emerging-economies/
https://doi.org/10.2172/1780970
https://www.iea.org/reports/world-energy-outlook-2016
https://www.eia.gov/outlooks/archive/aeo21/
https://ec.europa.eu/eurostat/databrowser/view/isoc_sks_itspt/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/isoc_sks_itspt/default/table?lang=en
https://www.kbvresearch.com/transparent-conductive-films-market/
https://www.kbvresearch.com/transparent-conductive-films-market/
https://www.digitaljournal.com/pr/news/theexpresswire/transparent-conductive-film-market-will-see-massive-growth-by-cagr-of-16-8-and-revenues-at-usd-14255-million-during-forecast-years-2030-99-pages-report
https://www.digitaljournal.com/pr/news/theexpresswire/transparent-conductive-film-market-will-see-massive-growth-by-cagr-of-16-8-and-revenues-at-usd-14255-million-during-forecast-years-2030-99-pages-report
https://www.digitaljournal.com/pr/news/theexpresswire/transparent-conductive-film-market-will-see-massive-growth-by-cagr-of-16-8-and-revenues-at-usd-14255-million-during-forecast-years-2030-99-pages-report
https://www.digitaljournal.com/pr/news/theexpresswire/transparent-conductive-film-market-will-see-massive-growth-by-cagr-of-16-8-and-revenues-at-usd-14255-million-during-forecast-years-2030-99-pages-report
https://www.verifiedmarketresearch.com/product/transparent-conductive-films-market/
https://www.verifiedmarketresearch.com/product/transparent-conductive-films-market/
https://www.etiaseu.co.uk/etias-news/travelling-europe-from-uk-biometric-passport
https://www.etiaseu.co.uk/etias-news/travelling-europe-from-uk-biometric-passport
https://www.marketsandmarkets.com/Market-Reports/printed-electronics-market-197.html
https://www.marketsandmarkets.com/Market-Reports/printed-electronics-market-197.html
https://www.macrotrends.net/countries/IND/india/unemployment-rate
https://www.macrotrends.net/countries/IND/india/unemployment-rate
https://www.autocarpro.in/news-international/volvo-cars-ambitious-drive-public-autonomous-driving-experiment-takes-21684
https://www.autocarpro.in/news-international/volvo-cars-ambitious-drive-public-autonomous-driving-experiment-takes-21684
https://driving.ca/auto-news/news/volvo-gets-approval-for-a-no-hands-test-of-its-self-driving-cars
https://driving.ca/auto-news/news/volvo-gets-approval-for-a-no-hands-test-of-its-self-driving-cars
https://www.reuters.com/article/us-volvo-autonomous-idUSKCN1PM1J2
https://www.reuters.com/article/us-volvo-autonomous-idUSKCN1PM1J2
https://www.cleanenergywire.org/factsheets/liquefied-gas-does-lng-have-place-germanys-energy-future
https://www.cleanenergywire.org/factsheets/liquefied-gas-does-lng-have-place-germanys-energy-future
https://www.cleanenergywire.org/factsheets/liquefied-gas-does-lng-have-place-germanys-energy-future
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/natural-gas/011323-germany-sees-lng-import-capacity-of-37-bcmyear-in-2024-ministry
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/natural-gas/011323-germany-sees-lng-import-capacity-of-37-bcmyear-in-2024-ministry
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/natural-gas/011323-germany-sees-lng-import-capacity-of-37-bcmyear-in-2024-ministry
https://www.oltoffshore.it/en/company/our-history/
https://www.upstreamonline.com/lng/italy-s-piombino-lng-plant-receives-first-eni-cargo/2-1-1483730


Page 34 of 35Barbosa et al. European Journal of Futures Research           (2024) 12:11 

line.​com/​lng/​italy-s-​piomb​ino-​lng-​plant-​recei​ves-​first-​eni-​cargo/2-​1-​
14837​30. Accessed 17 Aug 2023.

	 89.	 Reuters (2022) FACTBOX-Italy’s LNG import capacity and new terminals. 
Reuters. https://​www.​reute​rs.​com/​artic​le/​italy-​energy-​lng-​idUKL​8N332​
3JC. Accessed 27 May 2023

	 90.	 DieselNet (2022) The United States became the world’s largest LNG 
exporter in H1 2022. https://​diese​lnet.​com/​news/​2022/​07usl​ng.​php. 
Accessed 16 Aug 2023

	 91.	 California DMV (2023) Autonomous Vehicles Tests without a Driver. In: 
California DMV. https://​www.​dmv.​ca.​gov/​portal/​vehic​le-​indus​try-​servi​
ces/​auton​omous-​vehic​les/​testi​ng-​auton​omous-​vehic​les-​witho​ut-a-​
driver/. Accessed 23 Aug 2023

	 92.	 Walker S (2019) European elections: far-right surge ends in a ripple. The 
Guardian. https://​www.​thegu​ardian.​com/​world/​2019/​may/​27/​europ​
ean-​elect​ions-​far-​right-​surge-​ends-​in-a-​ripple. Accessed 23 Aug 2023

	 93.	 Adler K (2023) Far-right parties on the rise across Europe. BBC 
News. https://​www.​bbc.​com/​news/​world-​europe-​66056​375. Accessed 
23 Aug 2023.

	 94.	 European Parliament (2019) 2019 European election results. In: https://​
europ​arl.​europa.​eu/​elect​ion-​resul​ts-​2019/​en/​tools/​compa​rative-​tool/. 
Accessed 16 Aug 2023

	 95.	 European Parliament (2019) Turnout | 2019 European election results. 
In: https://​europ​arl.​europa.​eu/​elect​ion-​resul​ts-​2019/​en/​turno​ut/. 
Accessed 31 Aug 2023

	 96.	 Department for Transport (2022) Driving licence holding and vehicle 
availability. In: GOV.UK. https://​www.​gov.​uk/​gover​nment/​stati​stical-​
data-​sets/​nts02-​drivi​ng-​licen​ce-​holde​rs. Accessed 16 Aug 2023

	 97.	 World Bank Open Data (2023) GDP (current US$) - United States. In: 
World Bank Open Data. https://​data.​world​bank.​org. Accessed 31 Aug 
2023

	 98.	 World Bank Open Data (2023) GDP (current US$) - European Union. In: 
World Bank Open Data. https://​data.​world​bank.​org. Accessed 31 Aug 
2023

	 99.	 World Bank Open Data (2023) GDP (current US$). In: World Bank Open 
Data. https://​data.​world​bank.​org. Accessed 31 Aug 2023

	100.	 World Bank Open Data (2023) GDP (current US$) - China. In: World Bank 
Open Data. https://​data.​world​bank.​org. Accessed 31 Aug 2023

	101.	  Sage A (2019) Waymo picks Detroit factory for self-driving fleet, to be 
operational by mid-2019. Reuters. https://​www.​reute​rs.​com/​artic​le/​us-​
waymo-​selfd​riving-​idUSK​CN1RZ​1IZ. Accessed 31 Aug 2023

	102.	 Ohnsman A (2021) Amid Tesla Crash Concerns Waymo’s New Co-CEOs 
Say No Shortcuts To Safe Autonomy. Forbes. https://​www.​forbes.​com/​
sites/​alano​hnsman/​2021/​04/​25/​amid-​tesla-​crash-​conce​rns-​waymos-​
new-​co-​ceos-​say-​no-​short​cuts-​to-​safe-​auton​omy/?​sh=​1f680​bfd4b​db. 
Accessed 16 Aug 2023

	103.	 Lueth KL (2020) State of the IoT 2020: 12 billion IoT connections, sur-
passing non-IoT for the first time. In: IoT Analytics. https://​iot-​analy​tics.​
com/​state-​of-​the-​iot-​2020-​12-​billi​on-​iot-​conne​ctions-​surpa​ssing-​non-​
iot-​for-​the-​first-​time/. Accessed 16 Aug 2023

	104.	 International Energy Agency (2019) The Role of Gas in Today’s Energy 
Transitions. In: IEA. https://​www.​iea.​org/​repor​ts/​the-​role-​of-​gas-​in-​
todays-​energy-​trans​itions. Accessed 16 Aug 2023

	105.	 Eurostat (2023) Coal production and consumption up in 2022. https://​
ec.​europa.​eu/​euros​tat/​web/​produ​cts-​euros​tat-​news/w/​ddn-​20230​
622-2. Accessed 31 Aug 2023

	106.	 European Parliament (2023) Reducing carbon emissions: EU targets and 
policies. https://​www.​europ​arl.​europa.​eu/​news/​en/​headl​ines/​socie​ty/​
20180​305ST​O99003/​reduc​ing-​carbon-​emiss​ions-​eu-​targe​ts-​and-​polic​
ies. Accessed 16 Aug 2023

	107.	 EPoSS (2011) Horizon 2020: Commission proposes €80 billion invest-
ment in research and innovation. In: EPoSS. https://​www.​smart-​syste​
ms-​integ​ration.​org/​public/​news-​events/​news/​horiz​on-​2020-​the-​eu-​
frame​work-​progr​amme-​for-​resea​rch-​and-​innov​ation. Accessed 16 Aug 
2023

	108.	 Korsunskaya D (2014) Putin drops South Stream gas pipeline to EU, 
courts Turkey. Reuters. https://​www.​reute​rs.​com/​artic​le/​us-​russia-​gas-​
gazpr​om-​pipel​ine-​idUSK​CN0JF​30A20​141201. Accessed 16 Aug 2023

	109.	 Hill J (2022) Ukraine war: how Germany ended reliance on Russian 
gas. BBC News. https://​www.​bbc.​com/​news/​world-​europe-​63709​352. 
Accessed 31 Aug 2023

	110.	 International Telecommunication Union (2020) Measuring digital 
development Facts and figures. ITU Publications. https://​www.​itu.​int/​
en/​ITU-D/​Stati​stics/​Docum​ents/​facts/​Facts​Figur​es2020.​pdf. Accessed 
16 Aug 2023

	111.	 CEER (2019) Regulatory aspects of SelfConsumption and Energy com-
munities. Council of European Energy Regulators, Brussels, Belgium. 

	112.	 European Commission (2023) Energy Communities Repository. https://​
energy-​commu​nities-​repos​itory.​ec.​europa.​eu/​index_​en. Accessed 2 
Sept 2023

	113.	 Vailshery LS (2023) IoT connected devices worldwide 2019–2030. In: 
Statista. https://​www.​stati​sta.​com/​stati​stics/​11834​57/​iot-​conne​cted-​
devic​es-​world​wide/. Accessed 16 Aug 2023

	114.	 Yin I, Yep E (2022) China could exceed renewables generation target of 
33% by 2025. https://​www.​spglo​bal.​com/​commo​dityi​nsigh​ts/​en/​market-​
insig​hts/​latest-​news/​energy-​trans​ition/​092322-​china-​could-​exceed-​
renew​ables-​gener​ation-​target-​of-​33-​by-​2025. Accessed 16 Aug 2023

	115.	 World Bank Open Data (2021) CO2 emissions (kt) - China. In: World Bank 
Open Data. https://​data.​world​bank.​org. Accessed 2 Sept 2023

	116.	 KPMG China (2011) China’s 12th five Year Plan: Overview. KPMG Advi-
sory. https://​www.​elsi-​proje​ct.​eu/​filea​dmin/​user_​upload/​elsi/​brosch%​
C3%​BCren/​DD/​Chine​se_​gover​nment_​12th_​Five-​Year-​Plan_-_​KPMG__​
SUMMA​RY_.​pdf. Accessed 7 Sept 2023

	117.	 China Electricity Council (2021) 2020–2021 National Power Supply and 
Demand Situation Analysis and Forecast Report. https://​www.​cec.​org.​
cn/​detail/​index.​html?3-​293198. Accessed 7 Sept 2023

	118.	 Yiying F (2022) China Sets Higher Non-Fossil Power Goals in New 
Energy Plan. In: #SixthTone. https://​www.​sixth​tone.​com/​news/​10099​71. 
Accessed 7 Sept 2023

	119.	 BBC (2021) Power cuts hit homes in north-east China. BBC 
News. https://​www.​bbc.​com/​news/​world-​asia-​china-​58704​221. 
Accessed 7 Sept 2023

	120.	 World Bank Open Data (2020) CO2 emissions (kg per PPP $ of GDP) - 
China. In: World Bank Open Data. https://​data.​world​bank.​org. Accessed 
7 Sept 2023

	121.	 Gourtsilidou M (2020) The World’s Largest Megacities By Population, 
2020. In: CEOWORLD magazine. https://​ceowo​rld.​biz/​2020/​05/​30/​the-​
worlds-​large​st-​megac​ities-​by-​popul​ation-​2020/. Accessed 16 Aug 2023

	122.	 OECD (2021) OECD welcomes Costa Rica as its 38th Member. https://​
www.​oecd.​org/​newsr​oom/​oecd-​welco​mes-​costa-​rica-​as-​its-​38th-​
member.​htm. Accessed 16 Aug 2023

	123.	 China SCIO (2023) The era of megacities: China Integrated City Index 
releases 2021 rankings. http://​engli​sh.​scio.​gov.​cn/m/​in-​depth/​2023-​03/​
14/​conte​nt_​85167​461.​htm. Accessed 16 Aug 2023

	124.	 Jay A (2020) Number of Smartphone and Mobile Phone Users World-
wide in 2022/2023: Demographics, Statistics, Predictions. In: Finance-
sonline.com. https://​finan​ceson​line.​com/​number-​of-​smart​phone-​
users-​world​wide/. Accessed 16 Aug 2023

	125.	 Rivera A, Movalia S, Pitt H, Larsen K (2021) Preliminary 2020 Global 
Greenhouse Gas Emissions Estimates. In: Rhodium Group. https://​rhg.​
com/​resea​rch/​preli​minary-​2020-​global-​green​house-​gas-​emiss​ions-​
estim​ates/. Accessed 16 Aug 2023

	126.	 Eurostat (2023) Renewable energy statistics. https://​ec.​europa.​eu/​euros​
tat/​stati​stics-​expla​ined/​index.​php?​title=​Renew​able_​energy_​stati​stics. 
Accessed 7 Sept 2023

	127.	 Aizarani J (2023) Global primary energy - statistics & facts. In: Statista. 
https://​www.​stati​sta.​com/​topics/​4549/​prima​ry-​energy-​world​wide/. 
Accessed 7 Sept 2023

	128.	 United Nations Population Fund (2020) Costing the three transforma-
tive results: the cost of the transformative results UNFPA is committed 
to achieving by 2030. UN.

	129.	 Eurostat (2022) EU meets 2020 renewable energy target in transport. In: 
Eurostat. https://​ec.​europa.​eu/​euros​tat/​web/​produ​cts-​euros​tat-​news/-/​
ddn-​20220​202-2. Accessed 16 Aug 2023

	130.	 European Parliamentary Research Service (2016) Trends in risk of 
poverty or social exclusion. Proportions of people ‘at risk of poverty or 
social exclusion’ in 2008 (EU-27) and 2014 (EU-28), by age group. In: 
Epthinktank. https://​epthi​nktank.​eu/​2016/​03/​22/​pover​ty-​in-​the-​europ​
ean-​union-​the-​crisis-​and-​its-​after​math/​figure-​2-​trends-​in-​risk-​of-​pover​
ty-​or-​social-​exclu​sion-​propo​rtions-​of-​people-​at-​risk-​of/. Accessed 16 
Aug 2023.

https://www.upstreamonline.com/lng/italy-s-piombino-lng-plant-receives-first-eni-cargo/2-1-1483730
https://www.upstreamonline.com/lng/italy-s-piombino-lng-plant-receives-first-eni-cargo/2-1-1483730
https://www.reuters.com/article/italy-energy-lng-idUKL8N3323JC
https://www.reuters.com/article/italy-energy-lng-idUKL8N3323JC
https://dieselnet.com/news/2022/07uslng.php
https://www.dmv.ca.gov/portal/vehicle-industry-services/autonomous-vehicles/testing-autonomous-vehicles-without-a-driver/
https://www.dmv.ca.gov/portal/vehicle-industry-services/autonomous-vehicles/testing-autonomous-vehicles-without-a-driver/
https://www.dmv.ca.gov/portal/vehicle-industry-services/autonomous-vehicles/testing-autonomous-vehicles-without-a-driver/
https://www.theguardian.com/world/2019/may/27/european-elections-far-right-surge-ends-in-a-ripple
https://www.theguardian.com/world/2019/may/27/european-elections-far-right-surge-ends-in-a-ripple
https://www.bbc.com/news/world-europe-66056375
https://europarl.europa.eu/election-results-2019/en/tools/comparative-tool/
https://europarl.europa.eu/election-results-2019/en/tools/comparative-tool/
https://europarl.europa.eu/election-results-2019/en/turnout/
https://www.gov.uk/government/statistical-data-sets/nts02-driving-licence-holders
https://www.gov.uk/government/statistical-data-sets/nts02-driving-licence-holders
https://data.worldbank.org
https://data.worldbank.org
https://data.worldbank.org
https://data.worldbank.org
https://www.reuters.com/article/us-waymo-selfdriving-idUSKCN1RZ1IZ
https://www.reuters.com/article/us-waymo-selfdriving-idUSKCN1RZ1IZ
https://www.forbes.com/sites/alanohnsman/2021/04/25/amid-tesla-crash-concerns-waymos-new-co-ceos-say-no-shortcuts-to-safe-autonomy/?sh=1f680bfd4bdb
https://www.forbes.com/sites/alanohnsman/2021/04/25/amid-tesla-crash-concerns-waymos-new-co-ceos-say-no-shortcuts-to-safe-autonomy/?sh=1f680bfd4bdb
https://www.forbes.com/sites/alanohnsman/2021/04/25/amid-tesla-crash-concerns-waymos-new-co-ceos-say-no-shortcuts-to-safe-autonomy/?sh=1f680bfd4bdb
https://iot-analytics.com/state-of-the-iot-2020-12-billion-iot-connections-surpassing-non-iot-for-the-first-time/
https://iot-analytics.com/state-of-the-iot-2020-12-billion-iot-connections-surpassing-non-iot-for-the-first-time/
https://iot-analytics.com/state-of-the-iot-2020-12-billion-iot-connections-surpassing-non-iot-for-the-first-time/
https://www.iea.org/reports/the-role-of-gas-in-todays-energy-transitions
https://www.iea.org/reports/the-role-of-gas-in-todays-energy-transitions
https://ec.europa.eu/eurostat/web/products-eurostat-news/w/ddn-20230622-2
https://ec.europa.eu/eurostat/web/products-eurostat-news/w/ddn-20230622-2
https://ec.europa.eu/eurostat/web/products-eurostat-news/w/ddn-20230622-2
https://www.europarl.europa.eu/news/en/headlines/society/20180305STO99003/reducing-carbon-emissions-eu-targets-and-policies
https://www.europarl.europa.eu/news/en/headlines/society/20180305STO99003/reducing-carbon-emissions-eu-targets-and-policies
https://www.europarl.europa.eu/news/en/headlines/society/20180305STO99003/reducing-carbon-emissions-eu-targets-and-policies
https://www.smart-systems-integration.org/public/news-events/news/horizon-2020-the-eu-framework-programme-for-research-and-innovation
https://www.smart-systems-integration.org/public/news-events/news/horizon-2020-the-eu-framework-programme-for-research-and-innovation
https://www.smart-systems-integration.org/public/news-events/news/horizon-2020-the-eu-framework-programme-for-research-and-innovation
https://www.reuters.com/article/us-russia-gas-gazprom-pipeline-idUSKCN0JF30A20141201
https://www.reuters.com/article/us-russia-gas-gazprom-pipeline-idUSKCN0JF30A20141201
https://www.bbc.com/news/world-europe-63709352
https://www.itu.int/en/ITU-D/Statistics/Documents/facts/FactsFigures2020.pdf
https://www.itu.int/en/ITU-D/Statistics/Documents/facts/FactsFigures2020.pdf
https://energy-communities-repository.ec.europa.eu/index_en
https://energy-communities-repository.ec.europa.eu/index_en
https://www.statista.com/statistics/1183457/iot-connected-devices-worldwide/
https://www.statista.com/statistics/1183457/iot-connected-devices-worldwide/
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/092322-china-could-exceed-renewables-generation-target-of-33-by-2025
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/092322-china-could-exceed-renewables-generation-target-of-33-by-2025
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/092322-china-could-exceed-renewables-generation-target-of-33-by-2025
https://data.worldbank.org
https://www.elsi-project.eu/fileadmin/user_upload/elsi/brosch%C3%BCren/DD/Chinese_government_12th_Five-Year-Plan_-_KPMG__SUMMARY_.pdf
https://www.elsi-project.eu/fileadmin/user_upload/elsi/brosch%C3%BCren/DD/Chinese_government_12th_Five-Year-Plan_-_KPMG__SUMMARY_.pdf
https://www.elsi-project.eu/fileadmin/user_upload/elsi/brosch%C3%BCren/DD/Chinese_government_12th_Five-Year-Plan_-_KPMG__SUMMARY_.pdf
https://www.cec.org.cn/detail/index.html?3-293198
https://www.cec.org.cn/detail/index.html?3-293198
https://www.sixthtone.com/news/1009971
https://www.bbc.com/news/world-asia-china-58704221
https://data.worldbank.org
https://ceoworld.biz/2020/05/30/the-worlds-largest-megacities-by-population-2020/
https://ceoworld.biz/2020/05/30/the-worlds-largest-megacities-by-population-2020/
https://www.oecd.org/newsroom/oecd-welcomes-costa-rica-as-its-38th-member.htm
https://www.oecd.org/newsroom/oecd-welcomes-costa-rica-as-its-38th-member.htm
https://www.oecd.org/newsroom/oecd-welcomes-costa-rica-as-its-38th-member.htm
http://english.scio.gov.cn/m/in-depth/2023-03/14/content_85167461.htm
http://english.scio.gov.cn/m/in-depth/2023-03/14/content_85167461.htm
https://financesonline.com/number-of-smartphone-users-worldwide/
https://financesonline.com/number-of-smartphone-users-worldwide/
https://rhg.com/research/preliminary-2020-global-greenhouse-gas-emissions-estimates/
https://rhg.com/research/preliminary-2020-global-greenhouse-gas-emissions-estimates/
https://rhg.com/research/preliminary-2020-global-greenhouse-gas-emissions-estimates/
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Renewable_energy_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Renewable_energy_statistics
https://www.statista.com/topics/4549/primary-energy-worldwide/
https://ec.europa.eu/eurostat/web/products-eurostat-news/-/ddn-20220202-2
https://ec.europa.eu/eurostat/web/products-eurostat-news/-/ddn-20220202-2
https://epthinktank.eu/2016/03/22/poverty-in-the-european-union-the-crisis-and-its-aftermath/figure-2-trends-in-risk-of-poverty-or-social-exclusion-proportions-of-people-at-risk-of/
https://epthinktank.eu/2016/03/22/poverty-in-the-european-union-the-crisis-and-its-aftermath/figure-2-trends-in-risk-of-poverty-or-social-exclusion-proportions-of-people-at-risk-of/
https://epthinktank.eu/2016/03/22/poverty-in-the-european-union-the-crisis-and-its-aftermath/figure-2-trends-in-risk-of-poverty-or-social-exclusion-proportions-of-people-at-risk-of/


Page 35 of 35Barbosa et al. European Journal of Futures Research           (2024) 12:11 	

	131.	 Eurostat (2021) One in five people in the EU at risk of poverty or social 
exclusion. https://​ec.​europa.​eu/​euros​tat/​web/​produ​cts-​euros​tat-​
news/-/​edn-​20211​015-1. Accessed 16 Aug 2023

	132.	 European Commission (2023) Carbon capture, storage and utilisation. 
https://​energy.​ec.​europa.​eu/​topics/​oil-​gas-​and-​coal/​carbon-​captu​re-​
stora​ge-​and-​utili​sation_​en. Accessed 7 Sept 2023

	133.	 European Environment Agency (2023) Emissions and energy use in 
large combustion plants in Europe. https://​www.​eea.​europa.​eu/​ims/​
emiss​ions-​and-​energy-​use-​in. Accessed 7 Sept 2023

	134.	 Statistics Finland (2021) Energy in Finland 2021. Statistics Finland, 
Finland

	135.	 Livni E, Warner B, Mattu R, de la Merced MJ (2023) Why Deep-Sea 
Mining Is the Next Battleground in the Energy Transition. The New York 
Times. https://​www.​nytim​es.​com/​2023/​07/​15/​busin​ess/​dealb​ook/​
deep-​sea-​mining-​energy-​trans​ition.​html. Accessed 7 Sept 2023

	136.	 Clifford C (2023) The Metals Company announces a controversial 
timeline for deep sea mining that worsens the divide in an already 
bitter battle. In: CNBC. https://​www.​cnbc.​com/​2023/​08/​04/​the-​metals-​
compa​ny-​puts-​out-​contr​overs​ial-​timel​ine-​for-​deep-​sea-​mining.​html. 
Accessed 7 Sept 2023

	137.	 World Ocean Review (2021) Energy and resources from the ocean. https://​
world​ocean​review.​com/​en/​wor-7/​energy-​and-​resou​rces-​from-​the-​ocean/​
deep-​sea-​mining-​plans-​are-​taking-​shape/. Accessed 7 Sept 2023

	138.	 Adomaitis N (2023) Norway finds substantial mineral resources on its 
seabed. Reuters. https://​www.​reute​rs.​com/​marke​ts/​commo​dities/​
norway-​finds-​subst​antial-​miner​al-​resou​rces-​its-​seabed-​2023-​01-​27/. 
Accessed 7 Sept 2023

	139.	 Heffernan O (2023) Deep-Sea Mining Could Begin Soon, Regulated or 
Not. In: Scientific American. https://​www.​scien​tific​ameri​can.​com/​artic​
le/​deep-​sea-​mining-​could-​begin-​soon-​regul​ated-​or-​not/. Accessed 7 
Sept 2023

	140.	 Statista Research Department (2023) International tourist arrivals 
worldwide 1950–2022. In: Statista. https://​www.​stati​sta.​com/​stati​stics/​
209334/​total-​number-​of-​inter​natio​nal-​touri​st-​arriv​als/. Accessed 16 
Aug 2023

	141.	 National Center for Education Statistics (2023) Undergraduate enroll-
ment. U.S. Department of Education, Institute of Education Sciences

	142.	 OECD Data (2023) Students - Number of students. In: theOECD. http://​
data.​oecd.​org/​stude​nts/​number-​of-​stude​nts.​htm. Accessed 7 Sept 2023

	143.	 Eurostat (2023) Students enrolled in tertiary education by education 
level, programme orientation, sex, type of institution and intensity of 
participation. https://​ec.​europa.​eu/​euros​tat/​datab​rowser/​view/​EDUC_​
UOE_​ENRT01/​defau​lt/​table?​lang=​en. Accessed 7 Sept 2023

	144.	 DePillis L (2023) Colleges have been a small-town lifeline. What 
Happens as They Shrink? The New York Times. https://​www.​nytim​es.​
com/​2023/​03/​13/​busin​ess/​econo​my/​colle​ge-​towns-​econo​my.​html. 
Accessed 7 Sept 2023

	145.	 Marcus J (2021) Colleges face reckoning as plummeting birthrate wors-
ens enrollment declines. In: The Hechinger Report. https://​hechi​ngerr​
eport.​org/​colle​ges-​face-​recko​ning-​as-​plumm​eting-​birth​rate-​worse​ns-​
enrol​lment-​decli​nes/. Accessed 7 Sept 2023

	146.	 Mitchell M, Leachman M, Masterson K (2016) Funding Down, Tuition 
Up. In: Center on Budget and Policy Priorities. https://​www.​cbpp.​org/​
resea​rch/​state-​budget-​and-​tax/​fundi​ng-​down-​tuiti​on-​up. Accessed 7 
Sept 2023

	147.	 Mitchell M, Leachman M, Masterson K (2017) A Lost Decade in Higher 
Education Funding. In: Center on Budget and Policy Priorities. https://​
www.​cbpp.​org/​resea​rch/​state-​budget-​and-​tax/a-​lost-​decade-​in-​
higher-​educa​tion-​fundi​ng. Accessed 7 Sept 2023

	148.	 Manning R (2020) For-profit Pioneer Pacific College Closes 3 Campuses, 
Lays Off 131 Employees. In: Oregon Public Broadcasting. https://​www.​
opb.​org/​news/​artic​le/​pione​er-​pacif​ic-​colle​ge-​close-​campus-​layof​fs/. 
Accessed 7 Sept 2023

	149.	 Condon A (2022) It is no longer feasible: Illinois hospital to close cam-
pus in December. https://​www.​becke​rshos​pital​review.​com/​finan​ce/​
it-​is-​no-​longer-​feasi​ble-​illin​ois-​hospi​tal-​to-​close-​campus-​in-​decem​ber.​
html. Accessed 7 Sept 2023

	150.	 Petillo M (2023) McLain’s to close campus location at end of semester. 
In: The University Daily Kansan. https://​www.​kansan.​com/​news/​mclai​
ns-​to-​close-​campus-​locat​ion-​at-​end-​of-​semes​ter/​artic​le_​0f5f4​806-​
9514-​11ed-​8ce0-​270f9​d923e​a7.​html. Accessed 7 Sept 2023

	151.	 Villasenor A (2023) Course offerings drop but faculty workload rises. In: 
The Ithacan. https://​theit​hacan.​org/​46520/​news/​app/​course-​offer​ings-​
drop-​but-​facul​ty-​workl​oad-​rises/. Accessed 7 Sept 2023

	152.	 Essen-Fishman LV (2023) The impact of the COVID-19 pandemic on 
2021/22 Student data. In: HESA. https://​www.​hesa.​ac.​uk/​insig​ht/​19-​01-​
2023/​impact-​covid-​19-​2022-​stude​nt-​data. Accessed 7 Sept 2023

	153.	 Tietge U, Dornoff J, Mock P, Díaz S (2022) CO2 emissions from new 
passenger cars in Europe: Car manufacturers’ performance in 2021. 
ICCT. https://​theic​ct.​org/​publi​cation/​co2-​new-​passe​nger-​cars-​europe-​
aug22/. Accessed 7 Sept 2023

	154.	 Tiseo I (2023) Germany: power sector carbon emissions 2022. In: 
Statista. https://​www.​stati​sta.​com/​stati​stics/​12905​43/​power-​sector-​car-
bon-​emiss​ions-​germa​ny/. Accessed 7 Sept 2023.

	155.	 Ritchie H, Roser M, Rosado P (2020) CO2 and Greenhouse Gas Emissions. 
Our World in Data. https://​ourwo​rldin​data.​org/​co2/​count​ry/​germa​ny. 
8 Sept 2023.

	156.	 Kędzierski M (2023) It is official: Germany abandons nuclear energy. 
In: OSW Centre for Eastern Studies. https://​www.​osw.​waw.​pl/​en/​publi​
kacje/​analy​ses/​2023-​04-​21/​it-​offic​ial-​germa​ny-​aband​ons-​nucle​ar-​
energy. Accessed 7 Sept 2023.

	157.	 Western Sydney University (2023) World first supercomputer capable of 
brain-scale simulation being built at Western Sydney University. https://​
www.​weste​rnsyd​ney.​edu.​au/​newsc​entre/​news_​centre/​more_​news_​
stori​es/​world_​first_​super​compu​ter_​capab​le_​of_​brain-​scale_​simul​
ation_​being_​built_​at_​weste​rn_​sydney_​unive​rsity. Accessed 20 Jan 
2024

	158.	 Woodford J (2023) Supercomputer that simulates entire human brain 
will switch on in 2024. In: New Scientist. https://​www.​newsc​ienti​st.​
com/​artic​le/​24080​15-​super​compu​ter-​that-​simul​ates-​entire-​human-​
brain-​will-​switch-​on-​in-​2024/. Accessed 20 Jan 2024

	159.	 Day GS, Dennis R (2022) Overcoming the preparedness paradox: five 
initiatives to ready businesses for an uncertain future disruption. Strat-
egy Leadersh 50:9–14. https://​doi.​org/​10.​1108/​SL-​05-​2022-​0051

	160.	 Nielsen TR, Møller NH (2020) Work of the ‘Unemployed’: A Design Fic-
tion. https://​doi.​org/​10.​18420/​ECSCW​2020_​P03

	161.	 Mitchell R, Encinas, Enrique B (2020) Social Icebreakers Everywhere: A 
Day In The Life. https://​doi.​org/​10.​18420/​ECSCW​2020_​EP09

	162.	 OpenAI R (2023) GPT-4 technical report. arXiv 2303–08774. https://​doi.​
org/​10.​48550/​arXiv.​2303.​08774

	163.	 Manyika J, Hsiao S (2023) An overview of Bard: an early experiment with 
generative AI. Google. https://​ai.​google/​static/​docum​ents/​google-​
about-​bard.​pdf. Accessed 13 Nov 2023

	164.	 Touvron H, Martin L, Stone K (2023) Llama 2. Open Foundation and 
Fine-Tuned Chat Models. arXiv 2307.09288. https://​doi.​org/​10.​48550/​
arXiv.​2307.​09288

	165.	 xAI (2023) xAI Grok. https://​grok.x.​ai/. Accessed 13 Nov 2023

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://ec.europa.eu/eurostat/web/products-eurostat-news/-/edn-20211015-1
https://ec.europa.eu/eurostat/web/products-eurostat-news/-/edn-20211015-1
https://energy.ec.europa.eu/topics/oil-gas-and-coal/carbon-capture-storage-and-utilisation_en
https://energy.ec.europa.eu/topics/oil-gas-and-coal/carbon-capture-storage-and-utilisation_en
https://www.eea.europa.eu/ims/emissions-and-energy-use-in
https://www.eea.europa.eu/ims/emissions-and-energy-use-in
https://www.nytimes.com/2023/07/15/business/dealbook/deep-sea-mining-energy-transition.html
https://www.nytimes.com/2023/07/15/business/dealbook/deep-sea-mining-energy-transition.html
https://www.cnbc.com/2023/08/04/the-metals-company-puts-out-controversial-timeline-for-deep-sea-mining.html
https://www.cnbc.com/2023/08/04/the-metals-company-puts-out-controversial-timeline-for-deep-sea-mining.html
https://worldoceanreview.com/en/wor-7/energy-and-resources-from-the-ocean/deep-sea-mining-plans-are-taking-shape/
https://worldoceanreview.com/en/wor-7/energy-and-resources-from-the-ocean/deep-sea-mining-plans-are-taking-shape/
https://worldoceanreview.com/en/wor-7/energy-and-resources-from-the-ocean/deep-sea-mining-plans-are-taking-shape/
https://www.reuters.com/markets/commodities/norway-finds-substantial-mineral-resources-its-seabed-2023-01-27/
https://www.reuters.com/markets/commodities/norway-finds-substantial-mineral-resources-its-seabed-2023-01-27/
https://www.scientificamerican.com/article/deep-sea-mining-could-begin-soon-regulated-or-not/
https://www.scientificamerican.com/article/deep-sea-mining-could-begin-soon-regulated-or-not/
https://www.statista.com/statistics/209334/total-number-of-international-tourist-arrivals/
https://www.statista.com/statistics/209334/total-number-of-international-tourist-arrivals/
http://data.oecd.org/students/number-of-students.htm
http://data.oecd.org/students/number-of-students.htm
https://ec.europa.eu/eurostat/databrowser/view/EDUC_UOE_ENRT01/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/EDUC_UOE_ENRT01/default/table?lang=en
https://www.nytimes.com/2023/03/13/business/economy/college-towns-economy.html
https://www.nytimes.com/2023/03/13/business/economy/college-towns-economy.html
https://hechingerreport.org/colleges-face-reckoning-as-plummeting-birthrate-worsens-enrollment-declines/
https://hechingerreport.org/colleges-face-reckoning-as-plummeting-birthrate-worsens-enrollment-declines/
https://hechingerreport.org/colleges-face-reckoning-as-plummeting-birthrate-worsens-enrollment-declines/
https://www.cbpp.org/research/state-budget-and-tax/funding-down-tuition-up
https://www.cbpp.org/research/state-budget-and-tax/funding-down-tuition-up
https://www.cbpp.org/research/state-budget-and-tax/a-lost-decade-in-higher-education-funding
https://www.cbpp.org/research/state-budget-and-tax/a-lost-decade-in-higher-education-funding
https://www.cbpp.org/research/state-budget-and-tax/a-lost-decade-in-higher-education-funding
https://www.opb.org/news/article/pioneer-pacific-college-close-campus-layoffs/
https://www.opb.org/news/article/pioneer-pacific-college-close-campus-layoffs/
https://www.beckershospitalreview.com/finance/it-is-no-longer-feasible-illinois-hospital-to-close-campus-in-december.html
https://www.beckershospitalreview.com/finance/it-is-no-longer-feasible-illinois-hospital-to-close-campus-in-december.html
https://www.beckershospitalreview.com/finance/it-is-no-longer-feasible-illinois-hospital-to-close-campus-in-december.html
https://www.kansan.com/news/mclains-to-close-campus-location-at-end-of-semester/article_0f5f4806-9514-11ed-8ce0-270f9d923ea7.html
https://www.kansan.com/news/mclains-to-close-campus-location-at-end-of-semester/article_0f5f4806-9514-11ed-8ce0-270f9d923ea7.html
https://www.kansan.com/news/mclains-to-close-campus-location-at-end-of-semester/article_0f5f4806-9514-11ed-8ce0-270f9d923ea7.html
https://theithacan.org/46520/news/app/course-offerings-drop-but-faculty-workload-rises/
https://theithacan.org/46520/news/app/course-offerings-drop-but-faculty-workload-rises/
https://www.hesa.ac.uk/insight/19-01-2023/impact-covid-19-2022-student-data
https://www.hesa.ac.uk/insight/19-01-2023/impact-covid-19-2022-student-data
https://theicct.org/publication/co2-new-passenger-cars-europe-aug22/
https://theicct.org/publication/co2-new-passenger-cars-europe-aug22/
https://www.statista.com/statistics/1290543/power-sector-carbon-emissions-germany/
https://www.statista.com/statistics/1290543/power-sector-carbon-emissions-germany/
https://ourworldindata.org/co2/country/germany
https://www.osw.waw.pl/en/publikacje/analyses/2023-04-21/it-official-germany-abandons-nuclear-energy
https://www.osw.waw.pl/en/publikacje/analyses/2023-04-21/it-official-germany-abandons-nuclear-energy
https://www.osw.waw.pl/en/publikacje/analyses/2023-04-21/it-official-germany-abandons-nuclear-energy
https://www.westernsydney.edu.au/newscentre/news_centre/more_news_stories/world_first_supercomputer_capable_of_brain-scale_simulation_being_built_at_western_sydney_university
https://www.westernsydney.edu.au/newscentre/news_centre/more_news_stories/world_first_supercomputer_capable_of_brain-scale_simulation_being_built_at_western_sydney_university
https://www.westernsydney.edu.au/newscentre/news_centre/more_news_stories/world_first_supercomputer_capable_of_brain-scale_simulation_being_built_at_western_sydney_university
https://www.westernsydney.edu.au/newscentre/news_centre/more_news_stories/world_first_supercomputer_capable_of_brain-scale_simulation_being_built_at_western_sydney_university
https://www.newscientist.com/article/2408015-supercomputer-that-simulates-entire-human-brain-will-switch-on-in-2024/
https://www.newscientist.com/article/2408015-supercomputer-that-simulates-entire-human-brain-will-switch-on-in-2024/
https://www.newscientist.com/article/2408015-supercomputer-that-simulates-entire-human-brain-will-switch-on-in-2024/
https://doi.org/10.1108/SL-05-2022-0051
https://doi.org/10.18420/ECSCW2020_P03
https://doi.org/10.18420/ECSCW2020_EP09
https://doi.org/10.48550/arXiv.2303.08774
https://doi.org/10.48550/arXiv.2303.08774
https://ai.google/static/documents/google-about-bard.pdf
https://ai.google/static/documents/google-about-bard.pdf
https://doi.org/10.48550/arXiv.2307.09288
https://doi.org/10.48550/arXiv.2307.09288
https://grok.x.ai/

	Hindsight to foresight: an AI-powered analysis of future events in EJFR in 10 years
	Abstract 
	Introduction
	Methodology
	Results
	Publications
	Events
	Roadmap


	Roadmap analyses
	Fact-checking past predictions
	Scenarios
	Green Renaissance
	Digital divide
	Populist Backlash
	Techno-dystopia
	Geopolitical turmoil


	Conclusions
	Appendix A: Timeline produced from the EJFR articles
	Appendix B: the timeline for the Green Renaissance scenario
	Appendix C: the timeline for the Digital divide scenario
	Appendix D: the timeline for the Populist Backlash scenario
	Appendix E: the timeline for the Techno-dystopia scenario
	Appendix F: the timeline for the geopolitical turmoil scenario
	Acknowledgements
	References


