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1. Introduction 
The general objective of the study is to assist the European Commission in designing lines 
of strategy and preparing actions to contribute to the strengthening of the extended reality 
(XR) industry and to incentivise industrial digitalisation through the uptake of XR 
technologies, in a competitive, secure, and ethical environment. More specifically, the 
objectives of the study are as follows: 

• Present a panorama of the EU-wide XR industry and market highlighting 
opportunities, challenges, gaps, and risks, as well as existing synergies within the 
ecosystem. 

• Provide a clear overview of the XR technologies main use cases, adoption level 
across the EU industries and sectors, and impact on businesses, processes, 
marketing, and investment strategies. 

• Analyse the extent of the barriers to the adoption of these technologies and possible 
mitigating measures. 

• Analyse global competition aspects, in the context of the dominant US and Asian 
competition, in order to better assess the EU position, acknowledge the actual risks, 
and be able to make correct strategic projections for the future of the XR industry. 

The study will also help the Commission to orient the work of a possible expert/stakeholder 
group, and liaise effectively with other related expert bodies at EU- and national-level to 
ensure comprehensive, multi-disciplinary analytics of the impact on XR technologies in the 
European economy and society. 

1.1. Scope 

The study mainly covers the Extended Reality (XR) technologies. While some contexts refer 
to XR in general, others focus on Augmented Reality (AR) and Virtual Reality (VR) The 
thematic scope is broader than XR, touching upon related technologies, such as digital 
twins, 5G, AI, and blockchain. The concepts of virtual worlds, such as the metaverses are 
also of interest to this study. The definitions of the key concepts of the study are presented 
in the box below. 

Understanding of the key concepts 

• Zero-distance refers to the distance between the user and the service. Zero-distance 
business models exploit the potential of XR technologies, benefiting companies and clients 
by streamlining processes and shortening the distance between them. 

• Extended reality (XR) is the umbrella term used for Virtual Reality (VR), Augmented Reality 
(AR), and Mixed Reality (MR), as well as future realities immersive technologies might 
create. However, XR covers many more technology domains including sensors, data 
processing, data rendering, and complex hardware and software solutions. VR, AR, and 
MR are located at different places of the reality-virtuality continuum. This continuum starts 
from reality, through various augmentations of the reality perceived through our traditional 
sensory experience to fully virtual reality. 

• Virtual worlds are persistent, immersive environments, based on technologies including 3D 
and XR. These immersive environments make it possible to blend physical and digital 
worlds in real time, for a variety of purposes, such as designing, making simulations, 

collaborating, learning, socialising, carrying out transactions, or providing entertainment.1 
In this context, XR could increase the sense of realness making the experience in virtual 
worlds more similar to real-world experience. 

 
1 Communication from the Commission to the European Parliament, the Council, the European Economic and Social 

Committee and the Committee of the Regions. An EU initiative on Web 4.0 and virtual worlds: a head start in the next 
technological transition, 2023 July 11. 
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• Metaverse refers to the interoperable network of virtual worlds among which the user can 

move freely and also have the ability to create and modify the environment.2 Metaverse 
embodies six core elements: immersion, virtual identity, digital assets, real experience, 

virtual-real interconnection, and complete social system.3 

 

The landscape analysis (Chapter 2) specifically focuses on the following 14 industrial 
ecosystems4: aerospace and defence; agri-food; construction; cultural and creative 
industries; digital; electronics; energy-intensive industries; energy-renewables; health; 
mobility – transport – automotive; proximity, social economy, and civil security; retail; textile 
and fashion; and tourism. The remaining tasks are horizontal and do not have a sectoral 
focus. 

The study covers all EU27 Member States, and the following countries associated with 
Horizon Europe:5 

• Countries that already have the association agreements: Albania, Armenia, Bosnia 
and Herzegovina, Faroe Islands, Georgia, Iceland, Israel, Kosovo, Moldova, 
Montenegro, North Macedonia, Norway, Serbia, Tunisia, Turkey, and Ukraine. 

• Countries with transitional arrangements set out in the General Annexes to the 
Horizon Europe Work Programme 2021-2022: Morocco and the United Kingdom. 

1.2. Methodology 

The overall methodological approach to carrying out the study rested on the following data 
collection methods (see Annex 1 for more details): 

 Exploratory desk research helped to review and build upon the existing 
knowledge base, in order to further develop operational questions and improve 
the design of study methods. Exploratory desk research also helped to develop 
the list of stakeholders that were engaged during the interviews, Delphi survey, 
and workshops.  

 Desk research allowed for the collection of background information on the XR 
industry in Europe across different ecosystems, to prepare the directory of the 
XR industry associations, and for the inventory of public initiatives and funding 
opportunities. In addition, desk research laid the foundations for the Delphi 
survey through the analysis of emerging technologies relevant to XR and 
allowed to map virtual worlds. The results of the desk research were 
complemented by interviews, the Delphi survey, and workshops. The list of 
sources analysed is provided in Annex 2. 

 Analysis of public procurement and funding instruments allowed to collect 
information on the types of XR projects funded and procured through Tenders 
Electronic Daily (TED), along with providing potential examples of good 
practices. 

 Interviews deepened the knowledge accumulated through desk research and 
filled in any remaining information gaps. A total of 49 interviews were 

 
2 European Commission (2023) Staff working document accompanying the document: An EU initiative on Web 4.0 and 

virtual worlds: a head start in the next technological transition. Fabio Moioli “The Metaverse: Don't Confuse It With 
Virtual Reality” https://www.forbes.com/sites/forbestechcouncil/2022/08/11/the-metaverse-dont-confuse-it-with-virtual-
reality/?sh=3aa792ec2257  

3 Deloitte China “Metaverse report— Future is here. Global XR industry insight” 2022. 
https://www2.deloitte.com/content/dam/Deloitte/cn/Documents/technology-media-telecommunications/deloitte-cn-tmt-
metaverse-report-en-220321.pdf  

4 European Commission website, European industrial strategy, available here. 
5 Horizon Europe Programme Guide Version 2.3 (15 September 2022).  

https://www.forbes.com/sites/forbestechcouncil/2022/08/11/the-metaverse-dont-confuse-it-with-virtual-reality/?sh=3aa792ec2257
https://www.forbes.com/sites/forbestechcouncil/2022/08/11/the-metaverse-dont-confuse-it-with-virtual-reality/?sh=3aa792ec2257
https://www2.deloitte.com/content/dam/Deloitte/cn/Documents/technology-media-telecommunications/deloitte-cn-tmt-metaverse-report-en-220321.pdf
https://www2.deloitte.com/content/dam/Deloitte/cn/Documents/technology-media-telecommunications/deloitte-cn-tmt-metaverse-report-en-220321.pdf
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/europe-fit-digital-age/european-industrial-strategy_en
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implemented involving stakeholders from 15 EU Member States and six non-
EU countries. 

 Events attendance helped to learn about the latest discussions among the 
industry and other stakeholders. This enabled the study findings to be 
complemented with the most recent information and insights, which may not be 
available in the literature yet, and also to engage with different stakeholders. In 
total, 12 virtual and physical events were attended. 

 Case studies of eight selected public initiatives in third countries compared 
public initiatives and assessed their potential impact on the XR industry at a 
global-level, and, in particular, for the EU strategic autonomy. Initiatives from 
the following countries were analysed: the United Kingdom, South Korea, US, 
UAE, Australia, Argentina, South Africa, and Brazil. The case studies focused 
on initiatives from various continents and were designed to source insight from 
outside of EU countries, with the aim to determine whether such initiatives could 
serve as good examples for addressing challenges that the XR ecosystem is 
facing in the EU. 

 Delphi survey is a method that seeks to aggregate fragmented individual 
knowledge of renowned experts into collective knowledge. This method can 
provide useful insights from selected knowledgeable experts when there is a 
lack of reliable data about the future. In this study, the Delphi survey helped to 
assess the role XR technologies will play in the EU industry by the end of the 
current decade and identify the lines of research and emerging paradigms with 
the greatest potential to break through current technology limitations and 
accelerate the wider uptake of XR. The Delphi survey was conducted in two 
rounds with the same group of experts. During the first round XR experts were 
asked to predict how the XR market can change by 2030, evaluate the likelihood 
of opportunities and challenges, and rate emerging technologies. During the 
second round of the Delphi survey, the experts received the results from the 
previous round to allow them to learn from one another and build consensus 
among themselves. There were 109 responses to the first round of the Delphi 
survey and 23 responses to the second round. Since some respondents have 
dropped out of the survey before fully completing the entire questionnaire, the 
number of responses per various Delphi survey question reported throughout 
the Study differs. Unlike for other standard surveys, the 23 responses received 
provide ground for robust findings, as these responses contain expert insight on 
XR and emerging technologies. The collective knowledge and experience of 23 
XR experts compensate for the small sample size. 

 Two online workshops. One workshop was held on June 15, 2023, and was 
dedicated to validating the preliminary findings of the study and discussing the 
alternatives and suggestions for policy recommendations. The summary of 
workshop discussions is presented in Annex 7. The second workshop was held 
on September 19, 2023, and will was dedicated to presenting and discussing 
the final study results.  

1.3. Structure of the report  

The report consists of four main chapters presenting an XR landscape analysis, XR and 
virtual world-related public initiatives, emerging technologies and their potential impact on 
XR and virtual worlds development, and an overview of virtual worlds available in the EU. 
These main chapters are followed by conclusions and recommendations. The report is 
complemented with the following annexes: 

• Annex 1: Detailed methodological approach 
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• Annex 2: List of sources for desk research 

• Annex 3: List of interview respondents 

• Annex 4: Interview questionnaire 

• Annex 5: Delphi survey questionnaire 

• Annex 6: Case studies 

• Annex 7: Workshop report 

• Annex 8: Exemplary financing cases of EU companies 

• Annex 9: Suggested areas for further research 

• Annex 10: Presentation event report  
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2. Landscape analysis 

The landscape analysis presents the market and technological status quo in relation to XR 
technologies. The analysis is carried out for the XR market as a whole, as well as for the 14 
industrial ecosystems as defined by the European Commission.6 In particular, this chapter: 

• Performs a market-wide financial analysis around XR technologies (Section 2.1), 
looking at various indicators regarding private funding raised by XR companies, and 
EU-level funding raised by Horizon 2020 (H2020), Horizon Europe (HE) framework 
programmes, and other public funding and procurement opportunities; 

• Assesses the relative relevance of XR technologies (Section 2.2), describing the 
main applications in use in each of the 14 ecosystems, as well as the most disruptive 
expected developments for the future; 

• Identifies the main needs for broader deployment of XR in terms of hardware, 
software, and infrastructure (Section 2.3), conducting a comparative analysis 
between ecosystems and presenting examples of needs that are specific to 
particular ecosystems; 

• Identifies and categorises key barriers to the adoption of XR at a large scale (Section 
2.4), using the same approach as the point above; 

• Analyses XR-related opportunities for the EU industrial competitiveness (Section 
2.5), conducting a market-wide analysis and categorising industrial ecosystems 
according to innovation types developed by the project team based on different 
innovation taxonomies7. 

2.1. XR financing analysis 

In a fast-evolving and growing industry, such as XR, improving access to the right private 
and public funding opportunities for companies is crucial to speed up the maturity and wide 
adoption of these technologies across the EU.8 The EU has already offered significant 
funding for XR solutions from both public and private sources over the past years, 
addressing new opportunities and technological challenges in various ecosystems (see 
section 2.1.2 below). However, it is important to keep track of funding trends, and 
continuously improve visibility and access to new funding opportunities, as these have been 
identified as crucial elements by stakeholders in the industry in previous studies.9  

By understanding the funding landscape for XR technologies, policymakers can make 
informed decisions on how to support the development of the sector. Therefore, this chapter 
overviews trends in private funding raised by XR companies and Horizon 2020/Horizon 
Europe funding for XR solutions, in order to provide insights into the current state of play of 
investments for XR technologies in Europe. It then moves on to consider public funding and 
procurement opportunities to paint a comprehensive picture of available opportunities for 
the XR industry in each industrial ecosystem. 

 
6 European Commission website, European industrial strategy, available here. 
7 Kylliainen (2019), “Types of Innovation – The Ultimate Guide with Definitions and Examples”, available here. 

Dieffenbacher (2023), “Types of Innovation: How the 4 Innovation Types Can Help your Business”, available here. 
8 For a focus on the interlinkages between deep tech industries such as XR and finance, see for instance IE University 

(2023), How deep tech is transforming the future of finance, available here. 
9 Ecorys (2022), AR/VR Industrial Coalition, available here 

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/europe-fit-digital-age/european-industrial-strategy_en
https://www.viima.com/blog/types-of-innovation
https://digitalleadership.com/blog/types-of-innovation/
https://www.ie.edu/uncover-ie/how-deep-tech-is-transforming-the-future-of-finance/#:~:text=Deep%20tech%20startups%20need%20regular,funding%20and%20much%2Dneeded%20expertise.
https://op.europa.eu/en/publication-detail/-/publication/9aaef6fd-28db-11ed-8fa0-01aa75ed71a1
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2.1.1. Private funding raised by XR companies 

According to available data10, funding11 raised by XR companies in the EU has been 
steadily growing over time, following the recent trends and expectations for sustained 
growth in the industry. As can be observed in the figure below, XR funding witnessed a 
sharp increase starting from 2016, coinciding with the increase of popularity that 
surrounded immersive technologies as of that year,12 and kept growing the following 
years, including throughout a period of general economic slowdown due to the 
pandemic (+23% yearly cumulative increase in 2020 with respect to the year before). In 
addition, in more recent years, following a more widespread trend also observed in other 
economies (e.g., the US), cumulative funding registered a sustained increase, with a yearly 
growth of +37% and +25% in 2021, and 2022 respectively. 

Figure 1. Cumulative funding raised by EU-headquartered XR companies over 2013-
2022 (€ million)   

 

Source: Ecorys based on Crunchbase and Dealroom. Data extracted in February 2023. 

Looking more in depth at the funding raised each year, 2021 and 2022 witnessed the 
highest funding raised by XR companies, suggesting an upward trend (see Figure 2 
below), which will need to be confirmed in the upcoming years. Roughly two-thirds of the 
total funding raised between 2015-2022 was secured by the top 10 recipient companies,13. 
Seed14 and early-stage15 venture capital (VC) funding accounts for more than 95% of 
funding rounds and 60% of the total funding amount.16 As pointed in recent studies,17 this 
concentration of funding in early stages of development hints to difficulties faced by mid-
size companies to access finance to support their potential scaling-up. This 

 
10 Authors’ calculations based on Crunchbase and Dealroom data. 
11 Different types of funding are considered, from both private and public sources, including for instance venture capital, 

seed, private equity, grants, debt financing. Although considering various types of organisations, sources of data (i.e., 
Dealroom and Crunchbase) used for the analysis focus on the startups ecosystem. 

12 In fact, immersive technologies experienced a surge in mainstream interest due to the release of one of the most 
important ‘killer applications’ for AR, namely Pokémon! GO. See for instance Paavilainen, J., Korhonen, H., Kati, A., 
Stenros, J., Koskinen. E., and Mayra, F. (2017), The Pokémon GO Experience: A Location-Based Augmented Reality 
Mobile Game Goes Mainstream, available here. 

13 Calculations based on Crunchbase, top 10 companies: Boosteroid, Varjo, Resolution Games, Splink, Neurogaming, 
Didimo, Oncomfort, LIV, Holo-Light, Holoride. 

14 Seed: Among the first rounds of funding; first official equity funding stage, generally while the company is young and 
working to gain traction; generally, ranges between €8,000 and €1.8 million.  

15 Early-stage VC: Series A and B; once a business has developed a track record (e.g., established user base, consistent 
revenue figures), past the development stage; generally, between €1 and €30,000 million. 

16 Calculations based on Crunchbase 
17 For example, Ecorys (2022), AR/VR Industrial Coalition, available here 

https://doi.org/10.1145/3025453.3025871
https://op.europa.eu/en/publication-detail/-/publication/9aaef6fd-28db-11ed-8fa0-01aa75ed71a1
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constitutes a very pressing challenge by the VR/AR industry, as pointed by multiple 
stakeholders during the consultations conducted under this study. 

Figure 2. Funding raised by EU-headquartered XR companies per year (€ million), 
2014-2022   

 

Source: Ecorys based on Crunchbase and Dealroom. Data extracted in February 2023. 

Nevertheless, despite the recent observed growth, EU is still lagging in access to finance 
(e.g., venture capital), compared with other regions of the world. In the US, for 
instance, XR companies have raised over €32 billion18 during the same period, roughly 14 
times higher than the amount raised by XR companies in the EU (see Figure 3 below). This 
funding gap is not unique to XR technologies, but it reflects a broader issue applicable 
across other technological sectors and digital technologies.19 However, the extent of this 
gap is more pronounced in XR technologies when compared with other sectors such as 
cloud data services and business information systems companies, for which the gap is 
narrower.20,21 It also should be noted that these data do not capture intercompany 
investments, which can be substantial in the case of XR market leaders. For instance, Meta 
has invested roughly $36bn since 2019 into its Reality Labs, the division of the company 
that develops VR and AR products.22    

 
18 Calculations based on Dealroom 
19 The existence of this gap has been flagged by multiple stakeholders, and is mentioned, for instance, in European 

Commission (2021), European scale-up gap: Too few good companies or too few good investors?, available here. 
20 Calculations based on Crunchbase 
21 Ecorys (2022), AR/VR Industrial Coalition, available here 
22 Business insider (2022), available here 

https://op.europa.eu/en/publication-detail/-/publication/3c5a147a-5e25-11ec-9c6c-01aa75ed71a1/language-en/format-PDF/source-246048564
https://op.europa.eu/en/publication-detail/-/publication/9aaef6fd-28db-11ed-8fa0-01aa75ed71a1
https://www.businessinsider.com/charts-meta-metaverse-spending-losses-reality-labs-vr-mark-zuckerberg-2022-10?r=US&IR=T
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Figure 3. Funding raised by EU vs US-headquartered XR companies per year (€ 
million), 2014-2022   

 

Source: Ecorys based on Crunchbase and Dealroom. Data extracted in February 2023. 

Measuring the funding received per industrial ecosystem proves to be rather complex, as 
companies often develop applications and operate more horizontally across various 
ecosystems. However, our results (see Figure 4 below) show that cultural and creative 
industries are capturing most of the funding in the EU (52%), followed by more 
horizontal industrial ecosystems, such as electronics and digital industries. Within cultural 
and creative industries, XR gaming companies attracted most of the 
investments,23indicating gaming’s prominence as XR adopter in the consumer market.  
Even though most of the funding is concentrated in only a few industrial ecosystems, 
financing success stories have recently emerged across various ecosystems, as shown in 
the examples in Annex 824.  

Figure 4. Funding raised by EU-headquartered XR companies per industrial 
ecosystem – 2013-2022 (top 100 recipient companies)   

 

Source: Ecorys based on Crunchbase. Data extracted in February 2023. 

Looking at geographical differences, it can be noted that most of the funding is 
geographically concentrated in a few countries. Notably, over 2013-2022, almost 80% of 
total funding was raised by companies located in six Member States in Western and 
Northern Europe, namely Germany, France, Finland, Sweden, Denmark, and the 
Netherlands. The share of these countries’ cumulative funding has stayed within a relatively 
constant range over time, fluctuating between 72%-82% of the total funding raised in the 
EU. While the highest nominal values are registered in France and Germany, funding raised 

 
23 Ecorys (2022), The Virtual and Augmented Reality Industrial Coalition – Strategic Paper, available here. 
24 Annex 8 presents some of the top funded companies per ecosystem. All of them, with the exception of the Textile & 

Fashion and the Tourism ecosystems examples, ranked amongst top 30 recipients of XR investments in the EU.  

https://op.europa.eu/en/publication-detail/-/publication/9aaef6fd-28db-11ed-8fa0-01aa75ed71a1
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in Finland and Denmark stand out, particularly when compared to the business population,25 
highlighting dynamic XR ecosystems in these countries.   

Figure 5. Funding raised by XR companies per country (€ million) – Top 6 EU 
countries, 2013-2022  

 

Source: Ecorys based on Crunchbase. Data extracted in February 2023. 

The European XR ecosystem has been steadily evolving over the past years in terms of 
research, business, and technological hubs. Looking at the top 100 XR companies in terms 
of funding raised over 2013-2022 (see Figure 6 below), it can be noted that the main hubs 
concentrate around a few cities, such as Paris, Stockholm, Helsinki, Prague, Munich, Berlin, 
and Amsterdam. These cities have been maintaining and expanding their activities, in some 
cases building strong records in specific application areas or technological focus, and 
thereby attracting significant funding.26 These cities and their surrounding areas have further 
strengthened their leading position in terms of companies (including start-ups) focusing on, 
or engaging in, XR activities and related investments, with multiple additional hubs growing 
in importance.  

 
25 For a comparison, see Eurostat (2021), Business demography statistics, available here. 
26 Ecorys (2021), XR and its potential for Europe, available here. 

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Business_demography_statistics
https://xreuropepotential.com/assets/pdf/ecorys-xr-2021-report.pdf
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Figure 6. XR hubs based on top 100 funding recipients over 2013-2022 in the EU 
(number of companies)  

  

Note: Paris is the city with the most funding recipients (11). 
Source: Ecorys based on Crunchbase. 

2.1.2. Horizon 2020/ Horizon Europe funding 

Various EU-level public funding opportunities exist for companies operating with VR/AR 
technologies. According to our previous research, the most accessed European fund by 
XR companies is Horizon 2020/Horizon Europe.27 Looking at the Horizon 2020/Horizon 
Europe databases, the number of projects with an XR component started to gain 
momentum in 2016 and reached a peak in 2019 (see Figure 7 below). More recently, in 
2022 and 2023, 54 projects with an XR component were funded under Horizon Europe, for 
a total EU contribution of €178.4m. Lower numbers for 2023 compared to 2022 need to be 
put into perspective considering at least three factors: i) data for 2023 only covers the first 
two months of the year, not allowing for a definitive trend assessment; ii) a slight decrease 
in funded projects may arguably have been caused by the transition and adjustment period 
from Horizon 2020 to the new funding programme, Horizon Europe; iii) the Horizon Europe 
projects that we have analysed tend to be larger than Horizon 2020 projects (i.e. average 
EU contribution of €3.3m for Horizon Europe vs €1.9m for Horizon 2020). 

 
27 Ecorys (2022), AR/VR Industrial Coalition, available here 

https://op.europa.eu/en/publication-detail/-/publication/9aaef6fd-28db-11ed-8fa0-01aa75ed71a1
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Figure 7. Number of projects with an XR component funded under Horizon 2020 and 
Horizon Europe, per year, 2014-2023 (data collected in February 2023)  

 
Source: Ecorys based on Horizon 2020 and Horizon Europe database28. 

In terms of sectoral coverage, projects with an XR component financed under Horizon 
Europe span across various industrial ecosystems, with various projects in the digital 
ecosystem applying horizontally to multiple sectors and being the most prominent (50 % of 
projects), followed by cultural and creative (20%), proximity, social economy, and civil 
security (17%), and healthcare (11%).  

Figure 8. Breakdown of projects with an XR component financed under Horizon 
Europe, per industrial ecosystem (% of total) (2022-February 2023) 

 

Source: Ecorys based on Horizon Europe databases. 

In the box below, a selection of Horizon Europe projects with an XR component are 
presented. These projects illustrate innovative (potential) uses of XR technologies to tackle 
different societal issues and challenges, and/or effectively disseminate messages.  

Examples of XR projects financed under Horizon Europe 

- CORTEX2 (101070192)29 aims at facilitating remote collaboration between workers through 
next-generation XR technology solutions across a wide range of industries and SMEs. To 
achieve this, the project is developing a highly innovative and digital XR platform specifically 
geared to facilitate work and social activities involving physical interaction with the environment 
and remote objects — from remote assistance or training to working in collaborative spaces. In 
practice, under CORTEX2 30 projects a total of €4 million will be invested either to develop 
specific modules of the platform, or to realise new uses cases.  

 
28 Horizon Europe database, available here 
29 Project website available here. 

https://cordis.europa.eu/search?q=contenttype%3D%27project%27%20AND%20frameworkProgramme%3D%27HORIZON%27&p=1&num=10&srt=/project/contentUpdateDate:decreasing
https://cortex2.eu/


ZERO-DISTANCE XR APPLICATIONS AND SERVICES  
 

20 

- SPIRIT (101070672)30 focuses on the concept of telepresence, i.e. the use of virtual reality 
technologies especially for remote control of machinery or apparent participation to events. 
Telepresence represents the next generation of communication applications and will significantly 
improve immersive experiences in both human-to-human and human-to-machine interactions, 
by blurring the physical and virtual worlds. Due to their complexity, cost, data compression, and 
bandwidth requirements, solutions in this sense have not been scaled yet. SPIRIT aims at 
researching, developing, and demonstrating low-latency and scalable solutions that will 
ultimately bring real-time immersive telepresence into practice. 

- SHARESPACE (101092889)31 aims at addressing the way new opportunities with XR 
technologies can lead to the creation of new opportunities for human-centric, safe, rewarding, 
and inclusive social interaction. SHARESPACE’s unobtrusive XR technology will enable intuitive 
and intelligent interactions between humans and avatars, modelling embodied social behaviour 
in XR. The functional multimodal-multisensory social broadcasting interface, combined with new 
knowledge and technology, will have a strong positive effect on future usages, enabling smooth 
and transparent interaction with AI-powered agents. 

- SUN (101092612)32 aims at investigating and developing extended reality solutions that integrate 
the physical and the virtual world in a convincing way, from a human and social perspective. The 
virtual world developed under the project will be a means to augment the physical world with new 
opportunities for social and human interaction. The project will pilot developed technologies in 
three scenarios: rehabilitation, safety, and social interaction at work, and XR for people with 
mobility and verbal communication diseases. 

- EMIL (101070533)33 is co-funded by Horizon Europe and Innovate UK, and will establish both a 
physical and a virtual infrastructure for a pan-European laboratory that works to accelerate 
development of virtual, augmented, and mixed reality technologies, content, services, and 
applications for the media. To achieve this, EMIL will launch and coordinate financial support to 
third parties through two calls for a total of €5.6 million. Moreover, each of EMIL’s four partner 
institutions will demonstrate latest scientific research knowledge through exemplary Lighthouse 
Projects in the following areas: Narrative Media Production, Smart Garments, Animation, visual 
effects, Embodied Interaction, Digital Cultural Heritage, Digital Health, Motion Capture/Analysis, 
and technological XR development. Entertainment, Health, Media, Exercise, Rehabilitation. 

- MASTER (101093079)34 enhances robotics training in manufacturing with its open XR platform. 
It integrates key functionalities, creating safe and flexible robotic environments with advanced 
interaction mechanisms. The project delivers rich training content and invites third-party 
contributions through two Open Calls. 

- XR2LEARN (101092851)35 aims to establish cross-border creation of human-centric XR 
applications in education. The project will deliver its one-stop shop platform, organised as a 
Digital Innovation Hub, for all eligible actors involved in the XR-based educational applications 
supply chain, aimed at enhancing training in manufacturing and distance learning scenarios. 

- XR4ED (01093159)36 brings together the EdTech and XR communities to establish an European 
reference platform on learning and training with XR that will provide a central access point to 
existing solutions and contribute to a leading position for Europe in cutting-edge technologies for 
education. 

Source: Cordis database. 

2.1.3. Public funding and procurement opportunities in EU and 
Horizon Europe associated countries 

This subsection presents an overview of public funding and procurement opportunities in 
EU Member States and Horizon Europe associated countries (HEAC). Within this project 
we have employed desk research to map main funding opportunities for providers of XR 

 
30 Project website available here. 
31 Project website available here. 
32 Project website available here. 
33 Project website available here. 
34 Project website available here. 
35 Project website available here. 
36 Project website available here. 

https://athena.itec.aau.at/spirit/
https://sharespace.eu/
https://www.sun-xr-project.eu/
https://emil-xr.eu/
https://www.master-xr.eu/
https://xr2learn.eu/
https://xr4ed.eu/
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solutions and technology (both hardware and software) at European-, national-, and 
regional-levels in EU Member States and Horizon Europe associated countries. Research 
comprises funding opportunities that were publicly available through desk research that was 
conducted in November 2022 – April 2023. The analysis of public procurement opportunities 
overviews public procurement published on Tenders Electronic Daily (TED) and national 
procurement databases (in the case of Horizon Europe associated countries) between 
January 2020 and December 2022. For further information on the scope and method of 
research, please see Annex 1. 

The subsection comprises of the following: 

• Overview of funding opportunities, comparing them by their geographic distribution, 
sector, budget, target group, and geographic scope; 

• Overview of public procurement in the EU and HEAC, comparing them by their 
geographic distribution and other average characteristics, e.g., most common 
application areas, industrial ecosystems, and spending per ecosystem. 

Overview of funding opportunities 

The database compiled for this study comprises 92 funding opportunities, with 58 of them 
covering EU Member States, and 28 covering HEACs. The most funding opportunities were 
found in Ireland (EU), followed by the United Kingdom (HEAC). Additionally, the database 
included six funding opportunities that span multiple countries, with five of them originating 
from the continent of Europe and one having a global scope. No funding opportunities have 
been identified in Croatia, Hungary, and Morocco through our research efforts.  

Figure 9. Geographical distribution of 
funding opportunities in EU Member 
States 

Figure 10. Geographical distribution of 
funding opportunities in HEAC 
countries 

 
 

Note: Western Europe comprises Belgium, France, 
Ireland, Luxembourg, the Netherlands; Central 
Europe comprises Austria, Czechia, Germany, 
Hungary, Slovakia; Eastern Europe comprises 
Bulgaria, Estonia, Latvia, Lithuania, Poland, 
Romania; Southern Europe comprises Croatia, 
Cyprus, Greece, Italy, Malta, Portugal, Slovenia, 
Spain; Northern Europe comprises Denmark, 
Finland, Sweden. Research conducted in 
November 2022 – April 2023. 
Source: Visionary Analytics.  

Note: Balkans comprise Albania, Bosnia and 
Herzegovina, Kosovo, Montenegro, North 
Macedonia, Serbia; Northern Europe comprises 
Faroe Islands, Iceland, Norway; Eastern Europe 
comprises Moldova, Ukraine; Western Europe 
comprises United Kingdom; Western Asia comprises 
Armenia, Georgia, Turkey; Middle East comprises 
Israel; Northern Africa comprises Tunisia, Morocco. 
Research conducted in November 2022 – April 
2023. 
Source: Visionary Analytics.  

XR funding opportunities in our sample encompass a variety of sectors. For 39 out of 92 
opportunities, it was not possible to identify the specific sector based on the available 
information. The most prominent sectors in the database were research and media, both 
with 22 funding opportunities. Four funding opportunities were identified as focusing on the 
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education sector, and another four of the funding opportunities were identified for the 
tourism sector.  

Data on the total budget of funding opportunities was available for only 13 out of the total 
92 entries, therefore it is only illustrative of the budgets available through funding 
opportunities and the following insights should be interpreted with caution. The budgets of 
the sample of the funding opportunities varies from €50,000 to €180 million. The two funding 
opportunities with the largest budgets were both based in Ireland. Most of the funding 
opportunities, for which data was available, fell within the range of one million to €17 million.  

Data on the target groups of funding opportunities was available for 72 out of the total 92 
entries. The funding opportunities in the sample could be categorised into three target group 
categories: companies and start-ups, creators, and researchers. Twenty-eight opportunities 
specifically targeted companies or start-ups providing support in integrating XR into their 
business, or launching new XR-related enterprises. Thirteen opportunities targeted all types 
of creators including filmmakers, videographers, app developers, and game developers. 
Eight funding opportunities were found that specifically targeted researchers aiming to 
support projects that expand knowledge in XR technologies. In most cases, the target 
groups belonged to the same sector as the creators of the opportunity (e.g., an art gallery 
providing funding for creators of immersive artworks). However, companies and start-ups 
were an exception, as they were mostly targeted by opportunities calling for solutions in the 
XR field without focusing on a specific industry. 

When looking into the geographic area in which the initiative focuses its actions on, out of 
the 92 funding opportunities in the database, eight opportunities were identified as having 
an area-specific focus (i.e., target their activities specifically towards the city or municipality 
area), and six opportunities were identified as having a regional focus within a given country. 
The majority (78) of funding opportunities were either not identified as having a specific 
area-focus or operated at a national or international scale.  

Overview of public procurement opportunities 

The total number of entries in the public procurement database for procurement launched 
between 1 January 2020 and 31 December 2022 (for more details see Annex 1) was 808, 
with 405 belonging to EU Member States and 403 belonging to Horizon Europe associated 
countries. Overall, the average number of procurements per country was higher for HEAC 
(with an average of 21,6 entries per country), compared to EU countries (15 entries per 
country). However, the number of entries was more evenly distributed among EU countries, 
with the top three procurement-rich countries accounting for 64% of the share of total 
procurement opportunities (compared to 91% for HEAC). 

Geographic distribution of public procurement  

A total of 405 entries in the database were from EU Member States. France was the country 
with the most procurement opportunities related to XR technologies (109), followed by 
Greece (77), Germany (74), and Spain (25). As we can see from Figure 11, the highest 
number of entries came from Western (138) and Southern (133) Europe, while Northern 
and Eastern European countries launched the fewest public procurements (respectively 10 
and 27). There were eight opportunities involving European institutions, which were marked 
as ‘European’, regardless of the country, where the contracting authority was based. No 
relevant procurement opportunities were found in Latvia, Lithuania, Luxembourg, Slovenia, 
Austria, Cyprus, and Estonia. 
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Figure 11. Distribution of public procurement opportunities in EU Member States (1 
January 2020 – 31 December 2022) 

  

Note: Western Europe comprises Belgium, France, Ireland, Luxembourg, the Netherlands; Central Europe 
comprises Austria, Czechia, Germany, Hungary, Slovakia; Eastern Europe comprises Bulgaria, Estonia, 
Latvia, Lithuania, Poland, Romania; Southern Europe comprises Croatia, Cyprus, Greece, Italy, Malta, 
Portugal, Slovenia, Spain; Northern Europe comprises Denmark, Finland, Sweden.  

Source: Visionary Analytics.  

403 opportunities were identified in HEAC. The country with the highest number of 
procurements was the United Kingdom, with 176 entries. Ukraine ranked second with 151 
entries, and Turkey ranked third with 26 entries. No data emerged for public procurement 
opportunities from Armenia, the Faroe Islands, Bosnia and Herzegovina, Georgia, Iceland, 
Kosovo, Montenegro, and Tunisia.  

Figure 12. Distribution of public procurement opportunities in HEAC (1 January 
2020 – 31 December 2022) 

 

Source: Visionary Analytics. 

Average procurement characteristics  

To find the average or most-recurring characteristics of procurement in each EU and HEAC 
country, we considered the most frequently procured XR application areas, the contracting 
authorities that appeared most frequently, and the ecosystems to which they belong, as well 
as the average size (value) of procurement.  

The application areas of each good or service procured were derived using a bottom-up 
approach, based on the application areas described in the Terms of Reference of this study. 
The resulting categories of application are as follows: 
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• Training and education: XR applications for schools, universities and public and 
private educational settings, to train personnel or to disseminate public 
awareness/knowledge. 

• Research and development: Applications employing XR technologies in university 
or industrial research, and/or for the development of new products or services. 

• Content production: Applications aimed at showcasing (creative) immersive 
content including exhibitions, experiences, videos, films, and images. 

• Data visualisation and simulation: Uses of XR aimed at visualising data or 
simulating scenarios for non-training purposes. 

• Medical use: Applications in medical research and practice, encompassing clinical 
and surgical applications, mental health, social care, and the training of medical 
staff. 

• Marketing, promotion, and sales: XR technologies used for marketing purposes 
or to promote and sell products. 

• Entertainment and cultural or touristic experiences: Applications aimed at 
entertaining or educating visitors at cultural events, exhibitions, museums, touristic 
and heritage sites.  

• Unknown: The data does not provide clear identification of application areas. 

The types of contracting authority follow the categories used in the TED database, while the 
industrial ecosystems of the procurement entries have been categorised in accordance with 
the 14 industrial ecosystems, as defined in Chapter 1.  

Among the EU countries, educational institutions were the most frequently encountered 
type of contracting authority in nine countries, followed by regional and local 
administrations in six countries. In the three countries with the most total entries in the 
database (France, Greece, and Germany), the majority of procurements fell under the 
public administration sector, involving regional and local authorities, as well as ministries 
and national, or federal, authorities. 

The most frequent application area of goods or services procured by each country was 
training and education, which was observed in 15 countries, followed by medical use in four 
countries. However, the application area with the highest overall procurements in the 
database was entertainment and cultural and touristic experiences, with 130 entries. This 
category was predominately significant in Greece, with 62 out of 77 entries falling under this 
category, as well as in public procurements launched by European institutions, with three 
entries out of eight.  

Among the three countries that yielded the most entries in the database, Germany primarily 
procured goods and/or services related to training and education (23 entries out of 74, 
accounting for 31% of the total). On the other hand, both France and Greece saw as the 
most frequent procurements used for entertainment and cultural or touristic experiences. In 
France, these represented roughly 31% of the total entries (34 out of 109), while in Greece 
they constituted a much higher percentage of the total (62 of 77 entries, or 80%). 

Observing Table 1, it is evident that the proximity, social economy, and civil security 
ecosystem recurred most frequently, appearing as predominant in ten countries and 
accounting for a total of 96 entries across the whole database. However, the most frequently 
occurring industrial ecosystem, in terms of the number of entries, was heritage and tourism 
with 116 entries. 
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Overall average XR public procurement spending in the EU ranged from €129,200.00 
(Bulgaria) to €35,646,267.37 (the Netherlands). Most procurements fell within the range of 
€100,000 and €500,000. The countries that, on average, spent the most on XR-related 
public procurements are the Netherlands (€35,646,267.37), Ireland (€6,533,267.50), and 
Finland (€4,260,470).  

No data for XR-related public procurement was found for Austria, Cyprus, Estonia, Latvia, 
Lithuania, Luxembourg, and Slovenia. Consequently, these countries have been omitted 
from the below table. 

Table 1. Characteristics of typical EU procurements (1 January 2020 – 31 December 
2022) 

Country Type of most-
reoccurring 

contracting authority 

Most-
reoccurring 
ecosystem 

Average total 
value of 

procurements 

Range of 
procurement 

values (in 
EUR) 

Most 
procured 

application 
area 

Number 
of total 
entries 

Belgium Regional or local 
authorities 

Proximity, 
social 
economy, 
and civil 
security 

€942,300  €539- 
3500000 
 

Research and 
development 

9 

Bulgaria Educational institution  Proximity, 
social 
economy, 
and civil 
security 

252,700 BGN 
(approx. 
€129,200) 

€11,550 -  
365,593 
 

Research and 
development 

18 

Croatia Inconclusive Inconclusive 19,556,000 
HRK (approx. 
€2,595,600) 

€4,786,000 -  
298,740  

Inconclusive 2 

Czechia Educational 
institutions 

Proximity, 
social 
economy, 
and civil 
security 

6,972,000 
CZK (approx. 
€295,500) 

€17,217 -  
799,050  

Training and 
education 

7 

Denmark Educational 
institutions 

Inconclusive 6,357,300 
DKK 
(approx. 
€853,000)  

€520000 -  
1,205,338  

Content 
production 

3 

Finland Public administration, 
Research institutes 

Proximity, 
social 
economy, 
and civil 
security 

€4,260,500  €221,410 -  
12,000,000  

Inconclusive 5 

France Regional or local 
authorities 

Heritage 
and tourism 

€3,335,500 €3624 -  
90,000,000  
 

Research and 
development 

109 

Germany Regional or local 
authorities 

Proximity, 
social 
economy, 
and civil 
security 

€578,000  €6953 -  
7,249,700 
 

Training and 
education 

74 

Greece Ministries or national/ 
federal authorities 

Heritage 
and tourism 

€452,200  €10,200  -  
3,186,156 

Entertainment 
and cultural or 
touristic 
experiences 

77 

Hungary Regional/local and 
national/federal 
authorities 

Health 189,003,600 
HUF (approx. 
€505.500) 

€189,237 
- 1,046,753  

Medical use 7 

Ireland Educational 
institutions 

Health €6,533,300  €240,000 -  
45,000,000  

Training and 
education 

12 

Italy Educational 
institutions 

Health €2,358,500  €38,800 -  
17,504,158  

Training and 
education 

14 

Malta Ministries or national/ 
federal authorities 

Proximity, 
social 
economy, 

€180,500  
€29,652 -  
298,820 

Training and 
education 

8 
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Country Type of most-
reoccurring 

contracting authority 

Most-
reoccurring 
ecosystem 

Average total 
value of 

procurements 

Range of 
procurement 

values (in 
EUR) 

Most 
procured 

application 
area 

Number 
of total 
entries 

and civil 
security 

Netherlands Body governed by 
public law 

Proximity, 
social 
economy, 
and civil 
security 

€35,646,300  €919,950– 
279,000,000  

Training and 
education 

8 

Poland Educational 
institutions 

Aerospace 
and defence 

996,700 PLN 
(approx. 
€217,400) 

€138,600– 
357,724  

Training and 
education 

6 

Portugal Educational 
institutions  

Proximity, 
social 
economy, 
and civil 
security 

€640,300  €190,253 -  
1,836,000  
 

Training and 
education 

7 

Romania Educational 
institutions 

Health 1,261,800 
RON (approx. 
€255,900 ) 

€242,734 -  
501,400  

Medical use 3 

Slovakia Educational 
institutions 

Proximity, 
social 
economy, 
and civil 
security 

N/A (one 
entry only, 
value €161 
900) 

N/A Medical use 1 

Spain Regional or local 
authorities 

Proximity, 
social 
economy, 
and civil 
security 

€2,191,000  €157,152 -  
10,802,073 

Medical use 25 

Sweden Inconclusive Inconclusive 
2,500,000 
SEK (approx. 
€236,200) 

€235,150 -  
236,196 

Inconclusive 2 

European 
institutions 

European Institutions  Digital €1,736,000 
€252,100 -  
4,900,000 

Entertainment 
and cultural or 
touristic 
experiences 

8 

Total for EU  Regional or local 
authorities 

Heritage 
and tourism 
(116) 

€2,510,700 €539 -  
279,000,000  

 

Entertainment 
and cultural or 
touristic 
experiences 

405 

Source: Visionary Analytics. The exchange rate used was current as of May 9th, 2023. Averages rounded up 
to the nearest hundred. 

In HEAC countries, public procurement related to XR was mostly contracted by 
educational institutions, which was also the most frequently occurring type of authority in 
the most countries (6), with a total of 162 entries. Relatedly, the most frequently identified 
industrial ecosystem was proximity, social economy, and civil security, which appeared a 
total of 146 times and was prominent in five countries. The most procured application area, 
or use case, of procurements was training and education, with a total of 154 entries and the 
highest representation in four countries. 

In many cases, the number of entries per country was limited, resulting in less insightful 
data. The most representative data was derived from the countries that produced the 
highest number of entries in the database: the United Kingdom (176 total entries), Ukraine 
(151), and Turkey (26). In all three countries, the most procured application area and the 
most recurring contracting authority were in line with the majority of the overall data, 
focusing on training and education for educational institutions. For Ukraine and Turkey, the 
most frequent ecosystem also aligned with this pattern. Conversely, in the UK, most 
procurements were related to the health ecosystem. 
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The average spending per each country varied widely among HEAC countries, reflecting 
the diverse socio-economic characteristics of the represented countries. Israel had the 
highest average spending compared to other HEAC countries (€20,466,600), followed by 
the UK (€14,867,600), and Norway (€707,100). All the other countries presented average 
procurement values in the range of tens of thousands or simple thousands. Notably, Ukraine 
and Turkey, the second and third most represented countries, had relatively low average 
spending values (€4,600 and €16,000, respectively). In the database, 150 public 
procurement entries were under €10,000, while an additional 223 were over €100,000. This 
suggests that the most procurements fell at the two extremes of the total average, rather 
than within the middle range. 

The following ecosystems have found no correspondence in the HEAC database (and as 
such are not included in the corresponding table below): energy renewables, retail, textile, 
and fashion. Among the HEAC, no data emerged for Armenia, Bosnia and Herzegovina, 
Faroe Islands, Georgia, Iceland, Kosovo, Montenegro, Tunisia. As a result, these countries 
have been omitted from the table below. 

Table 2. Average procurement characteristics in HEAC (1 January 2020 – 31 
December 2022) 

Country Type of most-
reoccurring 
contracting 
authority 

Most-
reoccurring 
ecosystem 

Average total 
value of 

procurements 

Range of 
procurement 

values (in 
EUR) 

Most 
procured 

application 
area 

Number of 
total entries 

Albania Intergovernm
ental authority 

Cultural and 
creative 

Inconclusive 
- 

Content 
production 

1 

Israel Ministry or 
any other 
national or 
federal 
authority, 
including their 
regional or 
local 
subdivisions 

Inconclusive €20,466,600  
€2,260,640.5
0 – 
18,398,600.0
0 

Inconclusive 2 

Moldova Educational 
institution 

Proximity, 
social 
economy, and 
civil security 

1,309,700 
MDL (approx. 
€67,000) 

€14,501.01 - 
174,501.59  

Inconclusive 7 

North 
Macedonia 

Educational 
institution 

Proximity, 
social 
economy, and 
civil security 

226,300 MKD 
(approx.  
€3,700) 

€2,749.65 - 
4,265.33 

Training and 
education 

3 

Norway Educational 
institution 

Proximity, 
social 
economy, and 
civil security 

8,174,500 
NOK (approx. 
€707,100) 

€34,627.57 - 
5,539,783.04 

Research and 
development 

19 

Serbia Inconclusive Inconclusive 3,243,600 
RSD (approx. 
€27,700) 

€21,308.58 - 
34,021.33 

Inconclusive 2 

Turkey Educational 
institution 

Proximity, 
social 
economy, and 
civil security 

342,700 TL 
(approx. 
€16,000) 

€2,962.25 - 
48,856.48 

Training and 
education 

26 

Ukraine Educational 
institution 

Proximity, 
social 
economy, and 
civil security 

184,300 UAH  
(approx. 
€4,600) 

€41.00 - 
2,116.71 

Training and 
education 

151 

Morocco Inconclusive Health 731,900 MAD 
(approx. 
€67,000) 

€101,742.30 - 
13,115.80 

Inconclusive 3 

United 
Kingdom 

Educational 
Institution 

Health 15,016,200 
GBP 
(approx. 
€14,867,600) 

€925.60 - 
1,151,246,93
4.00 

Training and 
education 

176 
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Country Type of most-
reoccurring 
contracting 
authority 

Most-
reoccurring 
ecosystem 

Average total 
value of 

procurements 

Range of 
procurement 

values (in 
EUR) 

Most 
procured 

application 
area 

Number of 
total entries 

Total for 
HEAC 

Educational 
institution 
(162) 

Proximity, 
social 
economy, and 
civil security 
(146) 

Approx. 
€4,292,701.3
0  

€41.00 - 
1,151,246,93
4.00  

Training and 
education 
(154) 

403 

Source: Visionary Analytics (2023). Exchange rates current as of May 10th, 2023. Averages were rounded up 
to the nearest hundred. 

Comparison of public procurements in the EU and HEAC 

As visible from the below charts, the most sought-after XR application areas are similar in 
the EU and HEAC. In both geographical areas, the top three applications are the same 
(training and education, research and development, entertainment and cultural or touristic 
experiences), albeit present in different proportions. The only category that significantly 
differs in terms of proportion is marketing, promotion, and sales, which accounts for 7% of 
the total in the EU, but only 2% in HEAC countries. 

In the EU, the most procured application area was entertainment and cultural or touristic 
experiences, with 130 entries (26%), followed by training and education (116 entries, 24%) 
and research and development (71 entries, 14%). In HEAC procurements, the most 
procured application area was training and education, with 154 entries (36%). This was 
followed by entertainment and cultural or touristic experiences (70 entries, 16%), and 
research and development (62 entries, 14%).  

If we look at application areas in terms of total spending, we see for both EU and HEAC 
that there is a stark difference between number of procurements on the one hand, and total 
spending per application area on the other. This could be due to the fact that governments 
allocate different amounts of funding for each sector according to their priorities37, or due to 
the price of XR applications in that area. In the case of HEAC, our sample includes countries 
that present vastly different socio-economic conditions, as well as differences in the power 
of the respective national currencies. These divergences could play a role in the 
discrepancy between distribution of the number of procurements and spending (Figure 14) 
per application area. This is because one procurement from a ‘wealthy’ country can easily 
be worth double the price in Euros than one procurement from a less prosperous country, 
even if they represent the same application area. The procurement data also shows that 
the vast spending for ‘medical use’ in the spending HEAC chart is by purchases made in 
GBP by the United Kingdom, for relatively expensive medical equipment (when compared 
to procurements for goods in other sectors). While this application seems to dwarf others in 
terms of spending, it should not eclipse visible efforts made by lower-income countries (e.g., 
Ukraine) to, for instance, introduce VR equipment in schools, such as through purchase of 
VR goggles (which are cheaper goods than medical equipment). Thus, the below spending 
data is only illustrative, and larger volumes of spending in EUR should not be automatically 
assumed to mean a more ‘active’ or widespread use of a certain XR technology.  

 
37 See for example the composition per sector of Member States’ recovery plans, which decided to allocate very different 

amounts of funding for each sector. The full dataset is available at: https://www.bruegel.org/dataset/european-union-
countries-recovery-and-resilience-plans    

https://www.bruegel.org/dataset/european-union-countries-recovery-and-resilience-plans
https://www.bruegel.org/dataset/european-union-countries-recovery-and-resilience-plans
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Figure 13. Overall distribution of EU procurements’ application areas (1 January 
2020 – 31 December 2022) 

 

Source: Visionary Analytics. 

 

Figure 14. Total value of EU procurements per application area (1 January 2020- 31 
December 2022) 

 

Source: Visionary Analytics. Sums were rounded up to the nearest hundred. Exchange rates current as of 
May 10th, 2023. 
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Figure 15. Overall distribution of HEAC procurements’ application areas (1 January 
2020 – 31 December 2022) 

 

Source: Visionary Analytics. 

 

Figure 16. Total value of HEAC procurements per application area (1 January 2020- 
31 December 2022) 

 

Source: Visionary Analytics. Sums were rounded up to the nearest hundred. Exchange rates current as of 
May 10th, 2023. 

As evident from Figure 17 and Figure 18, we can observe a few differences in terms of 
distribution of procurements according to their industrial ecosystem in EU and HEAC. The 
variations in ecosystem distribution mirror the findings in the analysis of application areas’ 
distribution. Although the proportions differ, the three most procured ecosystem areas are 
the same for HEAC and the EU: heritage and tourism, proximity, social economy, and civil 
security, and health. These three categories also exhibit the most significant variations in 
proportions between the EU and HEAC, with all other categories showing differences in 
proportions no greater than 3%. 

In EU countries, the most procured in ecosystem was heritage and tourism (26%, 116 
entries), followed by proximity, social economy, and civil security (22%, 96 entries), and 
health and digital in a tie (both at 11%, with 48 and 50 entries respectively). 
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In HEAC, the proximity, social economy, and civil security ecosystem was the most 
procured in, and represented a higher percentage of total number of procurements (146 
entries, 30%), compared to the EU. Second, in terms of the number of entries, was the 
health ecosystem (67 entries, 14%), followed by the heritage and tourism ecosystem (55 
entries, 11%). 

Figure 17. Number and percentage of procurements per ecosystem in the EU 
database (1 January 2020 – 31 December 2022) 

 

Source: Visionary Analytics. 

Figure 18. Number of procurements per ecosystem in the HEAC database (1 
January 2020 – 31 December 2022) 

 

Source: Visionary Analytics. 

Presented below, in Table 3 and Table 4, is the data concerning spending per ecosystem 
in all HEAC and EU countries. Most of the data shows consistencies in EU and HEAC 
databases, with a few exceptions. For instance, the proximity, social economy, and civil 
security ecosystem had much higher spending in XR-related public procurement in the EU 
(~€360m) than in HEAC (~€4m), despite the EU number of entries being smaller (96 
compared to 146 in HEAC). The amount registered for health procurements is also 
disproportionately high in HEAC (over €2bn). However, this figure is heavily influenced by 
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two specific procurements from the United Kingdom, which aimed to buy specialised 
medical equipment, including (but not limited to) immersive and XR equipment. 

In the EU, the proximity, social economy, and civil security ecosystem recorded the highest 
spending in XR-related public procurement, totalling €359m. Interestingly, the spending 
values do not directly correlate with the number of entries: for instance, the aerospace and 
defence ecosystem represents only 2% of entries, but would be sixth in terms of total value. 
Conversely, the ecosystem with the lowest spending is textile and fashion, which is also 
among the least frequently appearing in the database. 

Table 3. Distribution of EU procurement according to ecosystem (1 January 2020 – 
31 December 2022) 

Industrial ecosystem Total spending Number of entries 

Heritage and tourism € 55,030,842 116 

Proximity, social economy and civil security € 359,973,703 96 

Health € 83,704,532 50 

Digital € 152,802,348 48 

Cultural and creative € 30,731,423 46 

Electronics € 3,510,387 18 

Mobility, transport and automotive € 96,188,010 17 

Energy-intensive industries € 9,188,746 12 

Construction € 4,972,523 11 

Aerospace and defence € 30,363,317 9 

Other/unknown € 5,358,323 9 

Agri-food € 961,678 4 

Textile and fashion € 300,000 3 

Retail  € 600,000 2 

Energy renewables € 450,000 1 

Source: Visionary Analytics. Spending figures rounded up to the nearest whole number. Exchange rates 
current as of May 9th, 2023. 

As previously discussed, Horizon Europe-associated countries have widely different socio-
economic characteristics, not to mention variation in purchasing power of national 
currencies. This led to stark differences in the values of procurements. Therefore, the 
results presented in the below table will be heavily influenced by procurements from the 
UK, which had comparatively high values even by EU standards.38 Nevertheless, the UK 
was Europe’s largest extended reality market in 2019,39 thus, these insights from the UK 
bear considerable informative value for Europe as a region. 

In the HEAC database, 49 procurements could not be classified according to ecosystem, 
accounting for a gap in the data of €405m. The health ecosystem accounted for the highest 
procurement spending in HEAC, with a total value over €2bn. The second-ranking 
ecosystem was cultural and creative, with investments of approximately €33m, while 
mobility, transport, and automotive saw the least investment, amounting to only around 
€400,000.  

 
38 A study published by DG GROW highlights how UK public procurement of services in 2020 represented 71% of the total 

value procured at the EU level in awards of more than 100 million Euros. Source: ‘Public Procurement Indicators 2020’,  
available at: https://ec.europa.eu/docsroom/documents/54236 (accessed 19/05/2023). 

39 Digital Catapult (2019), ‘The immersive economy in the UK 2019’. Available at: https://www.digicatapult.org.uk/wp-
content/uploads/2019/11/The_immersive_economy_in_the_UK_2019_Report_November2019.pdf (accessed 
19/05/2023). 

https://ec.europa.eu/docsroom/documents/54236
https://www.digicatapult.org.uk/wp-content/uploads/2019/11/The_immersive_economy_in_the_UK_2019_Report_November2019.pdf
https://www.digicatapult.org.uk/wp-content/uploads/2019/11/The_immersive_economy_in_the_UK_2019_Report_November2019.pdf


 ZERO-DISTANCE XR APPLICATIONS AND SERVICES 

33 

Table 4. Spending for each industrial ecosystem of HEAC procurements (1 January 
2020 – 31 December 2022) 

Industrial ecosystem Total spending Number of entries 

Proximity, social economy and civil security €24,877,484  146 

Health €2,315,886,542 67 

Heritage and tourism €3,852,719  55 

Unknown €405,926,215  49 

Digital €11,549,371  44 

Cultural and creative €33,674,118  41 

Aerospace and defence €20,453,366  22 

Energy-intensive industries €2,437,168  19 

Electronics €3,065,087  15 

Mobility, transport and automotive €401,010  9 

Agri-food €1,865,236  8 

Construction €2,320,606  3 

Source: Visionary Analytics (2023). Exchange rates current as of May 10th, 2023. 

2.2. Relevance of XR technologies for the European industry 

This section is structured into two parts. One part presents economic position and potential 
of XR in Europe. The other part presents relevance of XR technologies across different 
industrial ecosystems.  

2.2.1. Relevance and prospects of XR in Europe 

A recent study on the economic position and potential of XR in Europe40 shows that the 
market value of the European XR industry is expected to reach between €35 – 65 billion by 
2025. It is expected to generate €20 – 40 billion in gross added value, and directly create 
employment for up to 860,000 people by 2025.41 Based on other predictions, the European 
XR market in 2026 will reach a value of around €43 billion as a result of an average annual 
growth rate of 35%.42 This would mean that the XR market would be ten times the size it 
was in 2018. If a prediction were to be made for the end of the decade, the European 
market should reach €88.87 billion by 2030, up from the registered €7.95 billion in 2021, 
denoting a projected increase of 1117% during this period.43 Key countries that are 
expected to promote this growth in the European market include the UK, France, Germany, 
the Netherlands, Sweden, Spain, and Switzerland.44 However, as the market expands, 
there is also potential in other countries (e.g., Finland, Denmark, Italy, and Greece, as well 
as in Eastern and Central European countries, including Poland, Estonia, and the Czech 
Republic45). 

 
40 The reports overviewed in this section considers Europe geographically, not only as EU, but also including Albania, 

Bosnia and Herzegovina, Iceland, Norway, Serbia, Switzerland, Turkey, UK, Ukraine.  
41 Ecorys, 2021. XR and its potential for Europe. Available at: https://xreuropepotential.com/assets/pdf/ecorys-xr-2021-

report.pdf  
42  Centre for the Promotion of Imports from developing countries (CBI), 2021. The European market potential for VR and 

AR services. Available at: https://rb.gy/p5gf1  
43 Report Ocean: Europe Extended Reality Market Europe – Industry Dynamics, Market Size and Opportunity Forecast to 

2030 (March 2022) 
44 Ecorys, https://xreuropepotential.com/assets/pdf/ecorys-xr-2021-report.pdf  
45 Ibid. 

https://xreuropepotential.com/assets/pdf/ecorys-xr-2021-report.pdf
https://xreuropepotential.com/assets/pdf/ecorys-xr-2021-report.pdf
https://rb.gy/p5gf1
https://xreuropepotential.com/assets/pdf/ecorys-xr-2021-report.pdf
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Figure 19. Europe XR Market (in € Bn), 2017-2022

 

Source: Report Ocean: Europe Extended Reality Market Europe - Industry Dynamics, Market Size, and 
Opportunity Forecast to 2030 (March 2022). 

The Delphi survey, conducted as part of this study, revealed that the majority (83%, or 65 
out of 78) of surveyed experts agreed with the trends presented above, and expected the 
XR market to continue to grow. During the first round of the Delphi survey, after seeing 
Figure 19 almost half of experts (45% or 35 out of 75) predicted the growth rate of European 

XR market by 2030 to be of the same as for the past five years (20–40%), while 38% (30 

out of 75) predicted exponential growth (40%+). All the respondents from the second round 
unanimously (100% or 19 respondents) agreed, or strongly agreed, with the finding on 
expected market growth. Survey respondents associated this growth with some 
preconditions, e.g., increasing awareness about XR among general public, the launch of 
new equipment, and a decrease in its cost. In addition, some respondents shared concern 
that European XR market growth might only be short-term, and that, after a few years, the 
market might reach a plateau or decline.  

2.2.2. Relevance of XR technologies across different industrial 
ecosystems 

This section provides a comprehensive analysis of the deployment and application of XR 
technologies in European industries. It examines how extensively XR is being deployed in 
each ecosystem, as well as its main domains of application, the benefits that the technology 
adoption provides, and the most promising uses in each industry. By providing a current 
state-of-the-art overview of the deployment of XR technology, this analysis provides insights 
into its current use and its potential impact on various industries. Such a relevance analysis 
is the result of several methodologies, including desk research, interviews with experts and 
organisations active within each ecosystem, results from the Delphi survey, and event 
attendance. 

In general, it is possible to say that while the types of applications, as well as their 
technological deployment, varies across ecosystem, the proportion of more advanced and 
sophisticated solutions has generally increased. This suggests an enhanced understanding 
of the technology both from an R&I and a final user perspective. Moreover, our analysis 
indicates that the most important areas of application are i) training and education; ii) data 
visualisation, simulation and design; and iii) marketing and promotional activities. 

• In training and education, XR is widely embraced due to its benefits, mainly 
enhanced learning outcomes and cost-effectiveness, being relatively well-known.46 
A Deloitte report47 predicts XR to be extremely disruptive in education, even 
mentioning fully virtual world-native schools as a possible long-term development. 

 
46 As demonstrated by the growing body of scientific and academic literature on the subject. 
47 Deloitte, 2022. A whole new world? Exploring the metaverse and what it could mean for you. April 2022 
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The COVID-19 lockdown has accelerated the shift from physical to virtual spaces, 
with positive environmental effects through reduced travel and increased social 
interaction. Teaching methods are expected to be influenced by XR in terms of both 
content and modalities, as confirmed by 82% (14 out of 17) of second-round 
respondents to our Delphi survey. 

• In data visualisation, simulation and design, developments of XR regard both the 
consumer market and the B2B market. In terms of consumer market, the most 
important sub-sectors include gaming, virtual worlds, the film industry, and 
entertainment. Innovation and content development is most present in these are due 
to the higher level of funding funnelled into them, an element emerged as crucial as 
part of our Delphi survey. On the business market, XR is used to simplify 3D design 
processes, to showcase data and/or 3D models to clients to simplify feedback 
gathering, as well as to streamline and reduce costs associated to some traditional 
working practices such as product development or prototyping. 

• In marketing and promotional activities, XR is leveraged to create immersive and 
engaging experiences for consumers, including interactive product demonstrations 
and virtual try-ons. This provides more vivid and memorable brand experiences, as 
well as improving customer experience by facilitating try-before-you-buy practices 
and allowing customers to visualise products in their real-world environment. XR-
powered promotional campaigns are generally perceived by the public to be 
innovative and attention-grabbing, enhancing brand visibility and delivering unique 
storytelling. 

Below, we will examine distinct industrial ecosystems, highlighting XR's benefits and 
transformative potential, and exploring promising applications within each ecosystem. 
Untapped opportunities are also revealed, emphasising the need for future research, and 
showcasing XR's vast possibilities for industries.  

Aerospace and defence 

The level of deployment of XR technologies in the aerospace and defence ecosystem is 
medium to high, in comparison to other industrial ecosystems. The main application 
domains of XR technologies that are already being deployed in the aerospace and defence 
ecosystem include training and education, marketing, promotion and sales, and 
manufacturing and quality control. Among these domains, training, and education, along 
with sales product viewings, are the solutions with the highest level of deployment, while 
manufacturing and quality control applications have showcased a medium level of adoption. 

Both the defence sector and aviation extensively employ training in virtual or augmented 
reality environments.48 For instance, defence forces often conduct emergency military 
operations simulations in VR, as it provides a safe and controlled environment for military 
personnel to experience high-pressure situations, such as hostage rescues and disaster 
responses, without the risk of physical harm. Immersing trainees in realistic virtual scenarios 
enables them to develop decision-making, communication, and tactical skills, ensuring 
heightened readiness for real-world emergencies. VR combat training, with full body 
tracking systems, offers military personnel valuable data from their training exercises. 
These systems monitor trainees' movements and actions, enabling accurate and 
personalised performance feedback.49 Another common application is VR vehicle 
simulation and equipment familiarisation, which allows military personnel to gain hands-on 
experience with complex machinery and vehicles without needing physical access. 

 
48 Frigo, M. A., Da Silva, E. B., & Barbosa, G. a. S. (2016). Augmented Reality in Aerospace Manufacturing: A Review. 

Journal of Industrial and Intelligent Information. https://doi.org/10.18178/jiii.4.2.125-130  
49 Dymora, P., Kowal, B., Mazurek, M., & Romana, S. (2021). The effects of Virtual Reality technology application in the 

aircraft pilot training process. IOP Conference Series, 1024(1), 012099. https://doi.org/10.1088/1757-
899x/1024/1/012099  

https://doi.org/10.18178/jiii.4.2.125-130
https://doi.org/10.1088/1757-899x/1024/1/012099
https://doi.org/10.1088/1757-899x/1024/1/012099
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In civil aviation, VR flying simulators have become an essential tool for pilot training. By 
simulating various aircraft types, weather conditions, and emergency scenarios, pilots can 
develop and maintain their skills without requiring costly and logistically challenging actual 
flights.50 XR has been shown to reduce the cost of schedule disturbances, increase 
operations and employee satisfaction, and provide remote support when needed.51 The 
aviation industry also commonly uses XR to create immersive sales experiences, 
allowing potential customers to explore various design configurations without the need for 
physical samples. 

XR solutions in manufacturing and maintenance processes is expected to grow in the 
coming years. AR applications are increasingly used to enhance operator performance 
during various tasks, ensuring optimal efficiency, quality, minimal time, effort, and error.52 
AR solutions enable seamless communication between on-site technicians and off-site 
experts or managers, streamlining the problem-solving process. In these scenarios, experts 
can access the camera feed from the technician's headset and provide real-time guidance 
for executing the necessary repair or inspection. 

Agri-food 

Overall, the deployment of XR within the agri-food ecosystem is relatively low, compared 
to other industries. However, as technology adoption continues to grow, it is expected to 
present numerous application domains with the potential to significantly disrupt the agri-
food ecosystem. The agri-food ecosystem is primarily utilising XR technology for marketing, 
promotion, and sales. While other potential applications, such as training, education, and 
remote collaboration, have been identified, their adoption remains relatively low.  

The agricultural and food industries are employing XR technologies as an awareness-
raising tool for promoting sustainable practices and informing consumers.53 One way this is 
achieved is through interactive packaging, where consumers can use their devices to 
access detailed information about the product's origin, production methods, and nutritional 
content. Another way is through virtual farm tours, where consumers can get a first-hand 
look at agricultural practices, animal welfare, and environmental impacts. Likewise, agri-
food businesses are using XR technology in marketing campaigns to strengthen their 
relationship with customers, by showcasing their commitment to sustainability and ethical 
practices with the overall aim to raise awareness about these values. 

Additionally, XR technologies have numerous potential future applications in the agri-food 
ecosystem.54 One example is improving efficiencies in logistics, where AR can optimise 
picking in warehouses by guiding operators to the correct locations quickly, reducing risks 
of food spoilage or contamination.55 Another potential application is enhancing new food 
product development. AR can be used in sensory science to examine aspects, such as 
consumption, biometrics, food structure and texture, and sensory perception. Product 
developers can create virtual products and analyse them in real food production settings, 
allowing them to address issues and deliver low-cost solutions.56 Finally, XR technologies 
are being explored for crop monitoring and control.57 Researchers and farmers are using 

 
50 Ibid.  
51 XR Drives Aerospace Excellence at Boeing. (n.d.). https://www.sme.org/technologies/articles/2018/july/xr-drives-

aerospace-excellence-at-boeing/  
52 Safi, M., Chung, J. S., & Pradhan, P. M. S. (2019). Review of augmented reality in aerospace industry. Aircraft 

Engineering and Aerospace Technology, 91(9), 1187–1194. https://doi.org/10.1108/aeat-09-2018-0241  
53 Jagtap, S., Saxena, P., & Salonitis, K. (2021). Food 4.0: Implementation of the Augmented Reality Systems in the Food 

Industry. Procedia CIRP, 104, 1137–1142. https://doi.org/10.1016/j.procir.2021.11.191  
54 Echegaray, N., Hassoun, A., Jagtap, S., Tetteh-Caesar, M., Sharma, M., Tomasevic, I., Goksen, G., & Lorenzo, J. M. 

(2022). Meat 4.0: Principles and Applications of Industry 4.0 Technologies in the Meat Industry. Applied Sciences, 
12(14), 6986. https://doi.org/10.3390/app12146986  

55 Jagtap, S., Saxena, P., & Salonitis, K. (2021). Food 4.0: Implementation of the Augmented Reality Systems in the Food 
Industry. Procedia CIRP, 104, 1137–1142. https://doi.org/10.1016/j.procir.2021.11.191  

56 Crofton, E., Botinestean, C., Fenelon, M., & Gallagher, E. (2019). Potential applications for virtual and augmented reality 
technologies in sensory science. Innovative Food Science and Emerging Technologies, 56, 102178. 
https://doi.org/10.1016/j.ifset.2019.102178  

57 Salve, S. (2020). Identification of Crop Disease using Augmented Reality-based Mobile App for Indian Farmers: A 
Prototype. Human Computer Interaction and Emerging Technologies: Adjunct Proceedings From the INTERACT 2019 
Workshops. https://doi.org/10.18573/book3.v  

https://www.sme.org/technologies/articles/2018/july/xr-drives-aerospace-excellence-at-boeing/
https://www.sme.org/technologies/articles/2018/july/xr-drives-aerospace-excellence-at-boeing/
https://doi.org/10.1108/aeat-09-2018-0241
https://doi.org/10.1016/j.procir.2021.11.191
https://doi.org/10.3390/app12146986
https://doi.org/10.1016/j.procir.2021.11.191
https://doi.org/10.1016/j.ifset.2019.102178
https://doi.org/10.18573/book3.v
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a prototype AR-based mobile application to identify crop diseases, using images of infected 
crop leaves. In the future, they plan to use actual crop leaves as markers, enabling farmers 
to quickly identify crop diseases using their smartphones. 

Construction 

The utilisation of XR solutions in the construction industrial ecosystem is moderate, 
compared to other ecosystems. The most common applications of XR identified are 
employee training, marketing and sales, design and collaboration tools, and creating virtual 
tours of properties. These virtual tours enable prospective buyers to experience a property 
as if they were there in person. The integration of BIM (Building Information Modelling) 
technologies eases the incorporation of XR in architecture and construction data, as it can 
be easily uploaded. More sophisticated applications of XR technology, such as collaborative 
tools for architects, using AR and MR to optimise measurements and prevent risks on 
construction sites, are also available. XR provides an interactive approach for the public to 
view infrastructure designs and allows architects to construct 1:1 models of their projects, 
examine, alter, and test them before they are built.58 

Employee training is one of the key areas where XR technologies have proven effective 
in the construction industry. These technologies provide new opportunities for training and 
practice, leading to improved safety awareness and reduced risk.59 Customer experience 
is another area where immersive technologies provide several benefits to the industry. 
Virtual environments enable designers to communicate and evaluate their ideas, which 
leads to increased interaction between the design team and customers.60 This creates a 
better understanding of space, allowing architects transmit their design, ultimately improving 
the overall quality of the project.  

Among the potential application domains for the future, within the construction ecosystem, 
is advanced planning simulation and enhanced collaboration. XR technology possess 
the capacity to create sophisticated simulations, allowing professionals to better evaluate 
construction scenarios, monitor progress, and plan site layouts and equipment placements. 
Likewise, collaboration tools, enhanced by XR, can facilitate seamless remote cooperation 
among construction professionals, enabling them to work together on projects regardless 
of their physical location, leading to improved information sharing and management. 
Another area of potential is applying XR in areas like risk identification and safety 
inspection, whereby professionals can enhance people's experiences and predict how 
they interact in real-world situations.61 Virtual environments enable users to assess higher 
levels of risk and identify more risks than traditional methods, like photos and documents, 
leading to safer and more efficient construction projects.62 

Cultural and creative 

The cultural and creative ecosystem is one of the pioneers in the use of XR technologies, 
as it allows for creative and innovative ways to produce content, through an entirely new 
media. Therefore, the deployment of XR solutions is high in this ecosystem, compared to 
the others.63  

 

 
58 Website available here 
59Liu, Y., Castronovo, F., Messner, J., & Leicht, R. (2020). Evaluating the Impact of Virtual Reality on Design Review 

Meetings. Journal of Computing in Civil Engineering, 34(1). https://doi.org/10.1061/(asce)cp.1943-5487.0000856  
60 Rokooei, S., Javan, B., & Nazari, A. (2022). Explore Challenges and Benefits of Virtual Reality in Construction Projects. 

Proceedings of the Creative Construction E-Conference 2022. https://doi.org/10.3311/ccc2022-037  
61 Syamimi, A., Gong, Y., & Liew, R. (2020). VR industrial applications―A singapore perspective. Virtual Reality & Intelligent 

Hardware, 2(5), 409–420. https://doi.org/10.1016/j.vrih.2020.06.001  
62 Liu, Y., Castronovo, F., Messner, J., & Leicht, R. (2020b). Evaluating the Impact of Virtual Reality on Design Review 

Meetings. Journal of Computing in Civil Engineering, 34(1). https://doi.org/10.1061/(asce)cp.1943-5487.0000856  
63 Ecorys (2022). The Virtual and Augmented Reality Industrial Coalition – Strategic Paper. Available here: 

https://op.europa.eu/en/publication-detail/-/publication/9aaef6fd-28db-11ed-8fa0-01aa75ed71a1  

https://www.ghd.com/en/perspectives/how-virtual-and-augmented-reality-lets-you-be-part-of-the-infrastructure-design-process.aspx?_mid_=2196
https://doi.org/10.1061/(asce)cp.1943-5487.0000856
https://doi.org/10.3311/ccc2022-037
https://doi.org/10.1016/j.vrih.2020.06.001
https://doi.org/10.1061/(asce)cp.1943-5487.0000856
https://op.europa.eu/en/publication-detail/-/publication/9aaef6fd-28db-11ed-8fa0-01aa75ed71a1
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One of the most important applications of XR is in entertainment and cultural activities. 
The potential of XR in terms of storytelling is enhanced by the fact users can interact with 
objects, navigate 3D environment, and witness events from a first-person point of view. 
Videogames using VR and AR are already very successful, and represent around 29% of 
the whole XR sector,64 that is one of the most important applications of XR as a technology, 
appealing to the mainstream consumer mass and distributed worldwide through digital 
platforms. Similarly, this storytelling and interaction features are used to create new 
immersive experiences within, or without, the context of traditional moviemaking. XR 
experiences are entirely different from traditional films, as users can move in a rendered 
environment, rather than observing through the point of view established by the director.65  

In the events industry, XR can be used to create virtual conferences, trade shows, and 
other events, enabling attendees to participate in a realistic and interactive environment. 
Virtual events can be attended by people from all over the world, without the need for travel 
or accommodation expenses. This makes events more accessible and inclusive, allowing 
for greater participation and engagement from attendees. Moreover, XR technology 
provides organisers with detailed analytics and insights into attendee behaviour and 
preferences. One of the main sustainability benefits of using XR technology for events is 
the reduction in carbon emissions associated with travel. Physical events often require 
attendees to travel long distances, which can result in significant carbon emissions from 
transportation.66 Concerts and live experiences can also be entirely viewed through a VR 
headset, or enhanced, thanks to AR applications. This can enrich real life experiences with 
information or visual effects, or open a new era of entirely digital events.67 The same can 
be said for all those applications dealing with the sports business. Images and video, 
augmented through XR, can display real time statistics and information, provide detailed 
replays from different angles, or project data related to what is happening on the pitch.68   

Many promising features are related to XR as a tool for art creation. XR defining features, 
that is its immersivity and interactivity, can be interpreted by artists in unpredictable ways. 
This allows them to create immersive experiences with an unparalleled storytelling power; 
to break the barriers of traditional art, by animating pictures and frames through AR 
technologies; to design and sculpt 3D models and obtain art that is only visible through VR 
headsets. While many methods, tools, and promotional events (such as virtual showrooms) 
are nowadays relatively established, they are still not mainstream in many ways. Museums 
are starting to develop VR or AR exhibitions, displaying 3D objects or pieces of art, but 
much needs to be done – also, in terms of the legal framework necessary to ensure digital 
representations of artistic piece are not misused.69 Additionally, artists now have a new 
revenue stream in the form of Non Fungible Tokens (NFTs), a blockchain enabled 
technology recognising ownership of digital products, which allow them to sell their art 
online and to be paid through cryptocurrencies. This market is still very niche, and it is 
unclear to what extent it will be successful. There is also scepticism surrounding the 
effectiveness of ledged blockchain systems as alternatives to the traditional currencies 
market, which might limit its success.70 The advent of the metaverse and the increasing 

 
64 Ecorys (2022). The Virtual and Augmented Reality Industrial Coalition – Strategic Paper. Available here: 
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65 Mitchell, J. (2022). Is VR filmmaking the future of storytelling? Premium Beat. Available here: 
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66 Roos, G., Oláh, J., Ingle, R., Kobayashi, R., Feldt, M. (2020). Online conferences – Towards a new (virtual) reality. 
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67 Onderdijk, K.E., Bouckaert, L., Van Dyck, E. et al. Concert experiences in virtual reality environments. Virtual Reality 27, 
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relevance of virtual worlds may boost the volume of these transactions, and establish a new 
market.71 

Moreover, applications in this sector can overlap with those from other ecosystems, such 
as tourism, as XR can be used in many cultural contexts, such as museums, schools, 
libraries, or historical destinations, to present content in an engaging and interactive way – 
assuring higher retention of information and more empathy when exploring places or 
cultures. 

Digital 

The digital ecosystem is quintessential for the widespread adoption of XR technology 
across other industries and solutions, whether they be B2B (business-to-business), B2C 
(business-to-consumer), as well as B2G (business-to-government). While there are a few 
XR technology use cases for IT and telecoms companies, at the moment, the ecosystem is 
responsible for the research, development and deployment of the software, tools, and 
platforms that are necessary for any XR application under each of the other industrial 
ecosystem72 . Therefore, the level of deployment of XR in this ecosystem is high, due to 
the importance of activities in terms of development of IT solutions for XR. These solutions 
can be broadly categorised in development tools and platforms, development of virtual 
worlds, and end user platforms, in addition to data capture, manipulation, and analysis 
techniques.  

Development tools and platforms refer to the software and solutions made available to 
for developers of XR solutions. The global market is dominated by a few companies 
accountable for most of the applications’ development out there. However, there are many 
SMEs and start-ups that are creating innovative and specific tools that are made available 
to developers through development platforms.73 These tools not only cater to application-
specific requirements within diverse ecosystems but also serve to streamline and enhance 
various developer tasks, ranging from customising functionalities for specific applications to 
standardising and automatising development procedures. The target audience of these 
platforms is B2B. 74   

Virtual Worlds and end user platforms refer to online-based, interactive environments, 
where communities can socialise, conduct business or other tasks, and participate in 
various activities simulating reality. Users interact in these environments by creating text-
based, two-dimensional, or three-dimensional, graphical models, which are called avatars. 
In addition to virtual worlds, there are all sort of user platforms used for accessing XR 
applications and XR stores – these are sometimes associated with, and developed by, 
specific hardware providers. 75  Both virtual worlds and end user platforms’ audience are 
end users, which could either be B2B, B2C, or even C2C, depending on the type of platform 
and services/experiences offered.76  

Data capture, manipulation, analysis refer to the set of software, tools, algorithms, and 
solutions aiming to capture/collect as well as handle the large volumes of data that are 
collected through XR applications, and produce meaningful insights.  

Leveraging on those solutions there is a booming economy of development studios and 
companies that are producing tailored solutions and content across industries.77 Companies 
focusing on such development are often cross sectoral, offering both very tailored solutions 

 
71 For instance, see Yilmaz, M., Hacaloglu, T., Clarke, P. (2022). Examining the use of Non-fungible Tokens (NFTs) as a 

trading mechanism for the Metaverse. European Conference on Software Process Improvement. 
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72 Mckinsey (2022), ‘What is the metaverse?’, available here. 
73 Ecorys database of European XR companies (2023 update) 

74 McKinsey & Company, 2022. Value creation in the metaverse. The real business of the virtual world 

75 Idem 

76 Ecorys (2022), AR/VR Industrial Coalition, available here 
77 Ecorys database of European XR companies (2023 update) 
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to a specific company/issue, or more off-the-shelf solutions that can be relevant for several 
sectors or companies. 

Electronics 

The electronics ecosystem is a key enabler for the widespread adoption of XR technology 
across other industries. This ecosystem is responsible for driving innovation and conducting 
research to develop essential components that are necessary for improving XR technology 
as a whole. This ranges from devices, such as haptics or HMD, to electronic components, 
that support the overall advancement of the technology. Despite their crucial role, the 
adoption of XR technology within the ecosystem remains at a moderate level. Companies 
in this ecosystem use XR for training purposes, offering immersive and interactive learning 
experiences to their workers. Additionally, XR is being deployed in designing electronic 
components, with a portion of component design taking place in VR.  

The electronics ecosystem is advancing the XR technology, by developing a range of 
hardware components: 

• XR headsets is a critical component which provides users with the display, sound, 
and sensors necessary to create an immersive experience. These devices contain 
high-resolution displays, motion sensors, and audio systems that enable users to 
interact with virtual environments realistically.  

• Motion tracking systems (MTS) is another essential component developed by the 
electronics ecosystem. MTS enables the accurate tracking of a user's movements 
and position in real-time. These devices rely on a combination of sensors, cameras, 
and algorithms, to track the user's movements, which is essential for creating 
immersive XR experiences. 

• Haptic feedback devices are also necessary for creating realistic and immersive 
experiences, providing users with the sensation of touch. These devices rely on 
advanced actuators and sensors, that provide feedback in response to user actions, 
such as touching a virtual object or interacting with a simulated environment. 

• 3D scanners are devices that are developed in the electronics ecosystem. 3D 
scanners capture real-world objects in three dimensions, which can then be used to 
create 3D models for use in XR environments. These devices use a combination of 
sensors and cameras to capture the shape, texture, and colour of objects, that can 
then be imported into XR development platforms and engines.  

In addition, companies leverage VR and AR solutions for training purposes. VR/AR 
training modules are employed to teach employees about the intricacies of printed circuit 
board assembly, soldering techniques, and the handling of sensitive electronic components.  

Energy-intensive industries  

The research findings indicate that XR technology is being used in several domains of the 
energy intensive industries (EII) ecosystem,78 including training and education, quality 
control, and data simulation. However, the level of XR deployment in the EII is currently low 
to medium, when compared to other ecosystems. Among the various applications of XR in 
the EII, training and education is the most prevalent, particularly when safety procedures 
are involved in hazardous scenarios. In addition, XR is emerging as a tool that complements 
remote maintenance and inspection tasks, which currently involve online person-to-person 
interaction.  

XR training is commonly applied in EII ecosystem to address industrial demands, such as 
industrial symbiosis and circular economy, where EIIs must increasingly integrate and 

 
78 EII is composed by the following sub-industries: cement, ceramics, chemicals, engineering, minerals and ores, non-

ferrous metals, pulp and paper, refining, steel, and water. 
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consolidate their previously separate industrial processes.79 XR safety training is also often 
used, as it offers numerous advantages, especially for companies within the EEI ecosystem 
that frequently operate in hazardous and challenging environments. XR-based training 
significantly reduces training costs, as the virtual environment can be simulated without the 
need for real materials. Research studies indicate that XR-based training is considerably 
more effective than traditional training methods.80 Overall, immersive training benefits are 
well-known. It enhances the effectiveness of training, while reducing costs, enabling 
enterprises to ensure that their employees are well-prepared to handle potentially unsafe 
situations in real-world scenarios.  

Remote quality control and maintenance tasks enhanced by XR applications have the 
potential to revolutionise the way energy-intensive industries operate, significantly reducing 
downtime and streamlining processes.81 Through electronic devices, such as a mobile 
phone, a tablet, a computer, or a head-mounted display (HDM), digital information is 
superimposed on real images, enriching the information available to maintenance 
operators. This allows operators to access crucial data about systems, such as their 
references, operating states, and guidelines for maintenance, or assembly or disassembly 
of parts. HMDs and stereoscopic glasses have the potential to enhance user experience, 
offering hands-free usage and a more realistic, immersive point of view for workers. The 
actual application of XR in this ecosystem involves an expert providing instructions to a 
technician on-site, ensuring accurate and efficient maintenance or repair. As technology 
advances, it is anticipated that these operations will become increasingly automated. In 
conjunction with artificial intelligence, HMDs will have the capability to overlay the necessary 
information directly onto the technician's field of view. 

Energy renewables  

Overall, interviews and desk research82 implemented as part of this study suggests that the 
level of deployment of XR technologies across the renewable energies industrial ecosystem 
is low to medium. That is because deployment differs across sectors within the ecosystem. 
It is low for most sectors, i.e., solar energy, hydropower, bioenergy, geothermal energy, 
marine energy, smart infrastructure, and energy conversion technologies. Meanwhile, 
deployment is medium in the wind energy, heat pump, and sustainable energy storage 
sectors.  

XR deployment in the wind energy sector is characterised by B2B solutions that facilitate 
training, maintenance, and product presentation. In the training domain, applications 
pertain to replacing dangerous, impossible, counterproductive, or expensive to run on-site 
trainings with VR-based ones. In manufacturing and maintenance, digital twins of wind 
turbine rotor blades are being developed for better remote monitoring and AR goggle-
assisted workflows are being introduced. Finally, product presentation in wind energy 
refers to virtual viewings of power plants and turbines. The former tends to target the 
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broader public for educational purposes, while the latter tends to target wind power plant 
operators.  

Unlike in wind energy, XR deployment in the heat pump and energy storage sectors, is 
more B2C heavy. The reason for this is that the main application domain is product 
presentation. In particular, a number of heat pump and energy storage solution providers 
boast AR-based smartphone applications that allow customers to visualise, for example, a 
heat pump in their home according to their personal preferences. The underlying goal then 
is to facilitate sales, by allowing customers to make a more informed purchase decision. 

An important observation based on the insights from the interviews and desk research is 
that wind power-related VR and AR applications are heavily concentrated in Northern 
Europe, especially with Danish companies (Vestas, LM Wind Power, Olsen Wings, Force 
Technology), or companies operating in Denmark (Siemens Gamesa). Other applications 
are found in the Netherlands (Windpark Nijmegen-Betuwe), and Germany (EnBW), with 
only Spain-based Acciona, being located outside of the region. This concentration is not 
particularly surprising, considering that Northern Europe is the EU region where (offshore) 
wind energy is the most abundant and prevalent, due to the region’s favourable geography 
and relative wealth. Furthermore, XR users in (wind) energy generation tend to be large 
corporations with vast financial resources, while SMEs are prevalent among XR users in 
the heat pump and energy storage segments. 

Health 

The level of deployment of XR technologies in the health ecosystem is overall high, 
compared to other ecosystems, but varies across Europe, with the highest level of 
deployment in Germany, the Netherlands, and France.83 In recent years, the adoption of 
XR technologies in the EU healthcare industry has been increasing gradually, driven by the 
growing awareness of its benefits and advancements in technology. An analysis of XR 
revenue by industry shows that healthcare comes in third place with a 12% (€1.19 billion) 
share of the XR market, following media and entertainment in first place, and industrial and 
manufacturing in second place.84  

XR is being used in the healthcare sector in the following areas:  

• Medical training and education. Medical students and professionals use XR 
technologies to simulate surgeries, medical procedures, and patient interactions, 
allowing them to gain hands-on experience. This improves the quality of medical 
education and training. 

• Preoperative planning benefits from XR technologies, such as AR, VR, or 
holograms (MR), that allow surgeons or radiologists to accurately assess a patient's 
condition in 3D, using conventional 2D scan data, like Computed Tomography 
Angiography (CTA) or Magnetic Resonance Angiography (MRA) images. Advances 
in Image-guided Surgery (IGS) include registering images and instruments to the 
patient, tracking instruments in real-time, and displaying a realistic model of the 
operative volume. The aim is to improve patient outcomes through less-invasive 
procedures and shorter hospital stays, leading to increased accuracy and reduced 
X-ray exposure, ultimately contributing to efficient clinical workflows. 

• Remote collaboration and telemonitoring, as well as hands-free image capturing 
via voice commands to maintain sterility during surgery.85 This approach is beneficial 
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in emergency situations where less experienced surgeons can be guided by more 
experienced colleagues. The ability to analyse the same data simultaneously may 
also aid preoperative planning.86 Moreover, the use of VR/AR technology can 
provide patients with a visual representation of surgical procedures, allowing them 
to better understand what will happen, or has happened. This can be more effective 
than relying on a physician to explain complex medical information. 

• Treatment of mental health disorders or to alleviate pain, anxiety, and stress 
reduction in medical procedures. VR therapy has been shown to be effective in 
treating conditions, such as anxiety, post-traumatic stress disorder (PTSD), 
nervousness, and phobias. By creating immersive environments that simulate real-
life situations, patients can confront and overcome their fears in a controlled and 
safe environment.  

• XR technologies offer opportunities for surgeons to enhance their performance 
during surgical procedures, resulting in reduced errors and improved efficiency.  

• Improving patient outcomes in physical therapy and rehabilitation. XR 
technologies can be used to create personalised exercise programs, and provide 
real-time feedback to patients, allowing them to monitor their progress and adjust 
their treatment plans accordingly. 

• Improving virtual hospital visits by creating more immersive and interactive 
experiences for patients. For example, virtual reality headsets can transport patients 
to a simulated hospital environment, where they can interact with their surroundings 
and healthcare providers through avatars. This can help to reduce feelings of 
isolation and anxiety that patients may experience during hospital stays. 

The overall use of XR technologies in healthcare is increasing with sophisticated 
applications being deployed tackling complex challenges faced by the healthcare industry. 
The adoption of health XR technologies in the EU is being driven by factors, such as the 
growing demand for advanced healthcare solutions, increasing investments in XR 
technology by healthcare providers, and advancements in XR technology. 

Mobility – transport – automotive  

The mobility – transport – automotive industrial ecosystem is instrumental in both adopting 
and promoting the widespread use of XR technology. European car manufacturers are at 
the forefront of XR innovation, securing numerous patents, and proactively incorporating 
the technology into their processes. The level of XR adoption in the mobility – transport – 
automotive ecosystem is high, compared to other ecosystems. XR solutions are 
implemented across the entire production and maintenance cycle, spanning from initial 
design to vehicle repair. Furthermore, XR is employed to simulate diverse scenarios, which 
serves to improve autonomous driving systems and identify mobility trends. 

XR technology is being used in the automotive industry for a variety of training purposes. 
Technical skills training can be conducted in immersive environments that allow learners 
to practice and develop their skills with virtual vehicles and components. In addition, XR is 
also aimed at users, for example during safety training, as the technology allows for the 
simulation of dangerous situations and trains drivers to respond safely without the risk of 
actual harm. Assembly line training is also often used, as it can familiarise new employees 
with procedures and standards, leading to smoother transitions. Sales and customer 
service training can improve sales techniques and customer experiences. The usage of 
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immersive training in the ecosystem presents an improvement of the professional formation 
processes, as it reduces time and resources, while the training occurs in a controlled and 
safe environment.87,88 

Marketing promotion and sales can lead to increased customer engagement and 
potentially higher sales.89 Companies in this ecosystem are employing XR tools to enhance 
both online and in-person sales processes. For example, virtual showrooms are becoming 
increasingly popular, where customers can interact with vehicles, change colours, and 
experiment with different configurations. Additionally, XR is transforming the physical sales 
experience for car dealerships by allowing customers to explore available vehicles, 
features, and customisation options in an interactive environment. XR demonstrations are 
also being used to showcase the unique features and capabilities of each vehicle, making 
the sales process more engaging and informative. 

During the design and prototyping phase, XR enables engineers and designers to create, 
and interact with, virtual prototypes of vehicles and components. This results in faster 
design iterations, improved collaboration among teams, and more efficient product 
development processes.90 Moreover, VR is being increasingly used to simulate realistic 
and complex environments for testing autonomous driving systems or mobility models, 
that aim to improve urban mobility.91,92 VR is also used to simulate the car assembly 
process in production lines to estimate the necessary steps and time. 

A promising feature that is emerging in the automotive and transport industrial landscape is 
the AR solutions focused on complex assembly and maintenance procedures. By 
overlaying information objects onto real-world scenes, AR interfaces can effectively guide 
technicians through intricate tasks, providing them with essential information and visual 
cues in real time. 

Proximity, social economy, and civil security 

The adoption rate of XR technologies in the proximity, social economy, and civil security 
industrial ecosystem is increasing, but it varies across different sectors and use cases. In 
the proximity sector, the adoption rate of XR technologies is relatively high, with many 
companies and organisations using XR to create immersive experiences for customers. 
Despite variations in adoption rates across different industries within the social economy 
sector, the overall level of adoption of XR technologies could be described as moderate, 
however, it has been increasing recently with many organisations using XR to create 
educational and training experiences that promote social and environmental well-being. In 
the civil security sector, the adoption rate of XR technologies is also increasing, with many 
security agencies using XR to train personnel and simulate emergency scenarios. However, 
the adoption rate in this sector is still relatively low, compared to other industries, as the 
technology is still relatively new and there are concerns about the cost and complexity of 
implementing XR solutions. 

While analysing the proximity ecosystem, it must be noted that the ecosystem covers 
services and businesses that prioritise local and short value chains. As a result, the use 
cases and application of XR technology, in some cases, are the same as in other industrial 
ecosystems. Hence, these applications are described in the descriptions of dedicated 
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ecosystems (namely applications in retail, real estate, fashion, advertising and marketing, 
and events). In the proximity ecosystem, the most promising applications of XR 
technologies are in areas, such as retail, real estate, telecommunication, events, advertising 
and marketing, and hospitality. XR technology is rapidly being adopted in the 
telecommunications industry. Telecommunications companies are also leveraging XR 
technology to provide better customer experiences. For example, virtual store tours and 
product demonstrations can be created using XR technology, allowing customers to interact 
with products in a virtual environment before making a purchase. XR technology can also 
be used to enhance customer service, by providing virtual assistants that can guide 
customers through the buying process. In hospitality sector XR can enhance the guest 
experience and provide new opportunities for engagement, e.g. by providing virtual tours of 
hotels, resorts, and other hospitality locations. Guests can use XR to explore a property 
before booking, also to access information about nearby attractions, restaurants, and other 
points of interest, which can help them make more informed decisions about where to stay.  

In the social economy, XR technologies have the potential to revolutionise education, 
sustainability, and entertainment. For example, in education, XR can be used to create 
virtual classrooms, enabling students to interact with teachers and classmates in a more 
engaging and immersive way. To explain the importance of sustainability and attract 
investment and awareness, a narrative is essential. Tech companies may assist to 
communicate these messages in a variety of formats, including projection mapping, 
interactive digital displays, and virtual reality experiences. AR and XR can give unique views 
on topics, by displaying previously unavailable locations and scenarios.93 In entertainment, 
XR can be used to create immersive and interactive television, gaming, and film 
experiences. AR and TV create a new hybrid medium that opens up new possibilities for 
storytelling and audience engagement. Broadcasters are trying to increase engagement 
through interactive data services, leading to TV evolving from just audio-visual to interactive. 
ARTV has the potential to personalise the TV-watching experience by adding virtual 
elements to the real-life viewing experience.94 Presenters can improve their performance in 
XR setups, by seeing the virtual world projected on LED walls, making the experience more 
immersive for them and the viewers. 

In the civil security ecosystem, XR technologies have the potential to play a major role in 
areas, such as military training, emergency response, and criminal investigations. For 
example, in military and police training, XR can be used to create realistic simulations of 
combat scenarios, allowing soldiers to practice in a controlled and safe environment. 
Emerging technologies promise a superior military force capable of addressing both 
conventional and asymmetrical threats. In emergency response, XR can be used to create 
virtual simulations of emergency scenarios, enabling emergency responders to practice and 
prepare for real-world situations. VR technology for fire safety training creates an 
immersive experience that presents employees with realistic simulations of various fire 
scenarios, allowing them to train and enhance their emergency response skills within a 
secure and supervised environment. VR-based evacuation training presents personnel 
with interactive scenarios that simulate real-life situations, allowing them to learn the 
appropriate procedures for evacuating a building, and how to respond effectively during 
emergencies. The training provides an immersive experience that helps personnel to 
understand and practice the correct actions to take in such scenarios.95 In criminal 
investigations, XR can be used to recreate crime scenes, and enable investigators to 
analyse and understand the events that took place.  

Retail 

In the European retail sector, the adoption of XR technologies has been moderate, 
compared to other industries. The research reveals that immersive solutions are primarily 
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used for customer-based solutions in marketing, promotion, and sales, transforming both 
online and in-store customer interactions. Additionally, we have identified XR applications 
in the domains of training and education for employees, as well as design and prototyping 
applications, though to a lesser extent. 

Online XR solutions provide users with unique product experiences and information without 
visiting physical stores. These solutions enable customers to virtually try on products, such 
as clothing accessories, eyewear, and cosmetics, in any chosen surrounding, supporting 
the purchase decision.96 European retailers are also using virtual showrooms and 
immersive advertising experiences, including Metaverse activities, to engage customers 
with their brands. 

In-store XR solutions, on the other hand, focus on attracting customers and sparking 
curiosity, making the shopping experience more appealing.97 The combination of mobile 
devices and online retailing scenarios with AR technology is a popular choice, providing 
seamless experiences. 

The effects of using XR in retail include positive attitudes, increased decision comfort, 
higher willingness to pay, and enhanced shopping experiences. The presence of, and 
interaction with, XR can improve customer experience in stores or online apps. 
Furthermore, AR can enhance store attractiveness, satisfaction, brand engagement, 
willingness to share personal information, and intentions to return to the AR app, or engage 
in word-of-mouth marketing.98 

The reviewed literature suggests that XR technology, which allows users to try out and 
interact with virtual products, can increase informativeness and value perceptions. 
Additionally, affordances that enable point-of-view sharing between customers can further 
enhance this informativeness. As the European retail ecosystem continues to evolve, XR 
technologies are set to play a crucial role in shaping the future of customer interactions, 
marketing strategies, and overall shopping experiences. 

Textile and fashion 

XR tools have multiple applications throughout the textile and fashion ecosystem, yet, when 
compared to other industries, their implementation remains at a moderate level. In the 
same way as in the retail ecosystem, XR is focused on customer experience and sales. In 
the context of e-commerce, XR, and 3D environments are generally used for presenting 
online new collections. Virtual try-ons are being developed to enable customers to make 
informed buying decisions through virtual representations of clothing, which is considered 
the future of the industry. While XR can be used for design purposes, it is not widely used 
as design programs on 2D surfaces are still effective. 

Fashion brands are employing XR tools to create virtual products or virtual showrooms, 
allowing customers to visualise products in real-time and in a variety of contexts, thus 
reducing the information gap between the digital and physical environments. Similarly, AR-
powered mobile applications enable users to virtually "try on" apparel and accessories, 
enhancing purchasing decisions and providing a seamless shopping experience. Digitally 
reproduced products in e-commerce platforms offer a realistic representation of fashion 
items, enabling consumers to carry out more informed online purchasing decisions. Textile 
firms are also leveraging XR technologies with promotional campaigns, to increase 
consumer interest in products. For example, the rise of the virtual worlds has driven the 
adoption of fully digital products, with non-fungible tokens (NFTs) being utilised to 
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authenticate and transact exclusive virtual items. In the fashion industry, virtual reality 
allows clients to personalise clothing and virtual stores. AR enables furniture manufacturers 
to offer clients to experience new furniture in their own homes before purchasing. 

The fashion industry is gradually adopting more XR-based business solutions.99 For 
example, an application that presents promising potential is the use of AR in virtual try-on 
together with IoT mirror technology to offer customers a more accurate "try-before-you-
buy" experience, with personalised outfit suggestions based on individual characteristics, 
such as skin or hair colour, body size, and shape.100 This real-time augmentation of clothes 
can lead to a more immersive and engaging shopping experience for consumers. Clients 
will be able to try on fashion items and make decisions based on information displayed on 
mirrors. In addition, the incorporation of XR technology into the design process is enabling 
designers to experiment with various design elements, such as colour, embroidery, texture, 
and carving, more efficiently and cost-effectively.101 

Tourism 

XR applications are widespread across the entire tourism value chain. When compared to 
other industries, the extent of XR technology integration in the tourism ecosystem is 
medium to high. The primary applications domains where XR is employed include 
marketing and advertising, as well as entertainment and cultural experiences. Although it is 
employed to a lesser degree in training, its usage is still noteworthy. Within the context of 
marketing and advertising, XR technology plays an important role in promoting destinations, 
hotels, and hospitality facilities. For instance, it enables potential clients to preview rooms, 
or embark on virtual tours of hospitality venues, increasing the likelihood of securing 
bookings. Furthermore, XR enhances cultural experiences by offering immersive virtual 
tours of popular attractions and providing real-time information on tourism destinations 
through AR applications.  

VR is commonly adopted in the museum industry to enhance cultural experiences by 
offering immersive virtual tours. By utilising VR headsets, controllers, and sensors, 
visitors can delve into rich, interactive environments that recreate historical contexts, 
showcase artistic masterpieces, and foster a deeper understanding of the subject matter.102 
Museums across Europe have successfully implemented VR experiences that allow visitors 
to explore artists' studios and gain insights into their creative processes. These immersive 
experiences not only make the museum collections more engaging, but also help overcome 
the challenges of reduced attention spans, as visitors become more absorbed in the 
narratives being presented.103 Additionally, VR technology can facilitate the virtual 
reconstruction of archaeological sites or buildings, increasing heritage awareness and 
providing visitors with a unique perspective on the past.  

AR has the potential to emerge as a ground-breaking technology in the tourism industry, 
offering a wealth of benefits to travellers by enhancing their touristic experiences. By 
seamlessly integrating digital information with the physical world, AR enables visitors to 
access relevant information in real time and with little effort, and improve their 
understanding of tourist destinations, while simultaneously providing engaging 
entertainment.104 For example, applications are being developed to provide personal 
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electronic guides and tour assistants for cultural site visitors, offering a multimode user 
interface that delivers cultural data, restoration details, and archaeological insights for 
tourists. Using HMD or electronic devices, visitors can visualise historical figures and 
scenes within their physical surroundings, fostering a more immersive and interactive 
experience. The proliferation of AR technology in the tourism sector not only enhances the 
visitor experience, but also presents new opportunities for tourism organisations and 
destinations. By offering novel and interactive ways to explore unknown regions, AR 
applications create a competitive advantage for enterprises, helping them attract and retain 
tourists. The applications allow tourists to have an entertaining educational experience, 
while exploring the site in unique ways.  

2.3. Needs for broader deployment of XR 

In this section we present the main needs, identified over the course of the research done 
under this study, that should be addressed to facilitate and foster the broader deployment 
of XR technologies in Europe. In particular, we focus on the optimal conditions for the uptake 
of XR, and on the technological advancements required – in terms of hardware, software, 
or infrastructure. These must be addressed to favour the ecosystem as a whole, and boost 
the success of studios and companies creating content, developing, and researching XR. 

We will present the main needs that have been found in literature and mentioned by 
interviewed or surveyed stakeholders throughout analysis of 14 industrial ecosystems. In 
addition, throughout the text, we will provide some examples of needs specific to clusters 
or single industrial ecosystems. These specific examples emerged from interviews with 
stakeholders across ecosystems. Importantly, these do not necessarily represent 
ecosystem-wide trends; rather, they exemplify how some of the needs we identified can 
translate into practice. 

2.3.1. Hardware needs 

The needs collected and presented in the table below regard hardware advancements that, 
according to research and industry players, are critical for the further development of XR 
technologies and their successful uptake over the next years. The table presents an 
overview of the most important hardware needs identified, together with a short description, 
and indicates which needs have been found to be critical for current deployment and/or 
future uptake of XR in each ecosystem. 
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Table 5. Hardware-related needs 

Need Short description 

Ecosystem 

Aerospace 
and 

defence 

Agri-
food 

Construction 

Cultural 
and 

creative 
industries 

Digital Electronics 
Energy-
intensive 
industries 

Energy-
renewables 

Health 
Mobility-
transport-

automotive 

Proximity, 
social 

economy, and 
civil security 

Retail Textile Tourism 

Advanced 
tracking 

Technology used to track 
user’s movements and eye 
gaze to create more 
seamless experiences and 
reduce motion sickness 

x   x        x x x 

High-
performance 
CPUs and 
GPUs 

Required to ensure smoother 
and more responsive XR 
experiences as these 
become more complex 

x  x x  x x x x x x x x  

High-
resolution 
displays 

Required to provide users 
with more immersive and 
realistic experiences 

x   x     x x x x x x 

Sensors 

Sensors such as cameras, 
accelerometers, gyroscopes 
and depth sensors provide 
input to the processor and 
are at the basis of data 
elaboration 

x  x   x x  x x x    

Haptic 
hardware 

Haptic devices provide users 
with tactile feedback. They 
can be improved in terms of 
feedback, tracking, range of 
sensations, and design 

x       x    x x  

Ergonomic 
headsets 

Headsets are the main 
interface for VR and MR 
experiences, but are still 
often uncomfortable to wear 
for extended periods of time 

  x x  x x  x x     

Wireless 
headsets 

Wireless headsets remove 
limitations to user’s 
movements and range, and 
allow to access XR 
experiences regardless of 
the location 

 x x x   x x x x  x   
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Need Short description 

Ecosystem 

Aerospace 
and 

defence 

Agri-
food 

Construction 

Cultural 
and 

creative 
industries 

Digital Electronics 
Energy-
intensive 
industries 

Energy-
renewables 

Health 
Mobility-
transport-

automotive 

Proximity, 
social 

economy, and 
civil security 

Retail Textile Tourism 

Battery life 

Improved batteries allow for 
longer usage time without 
the need to recharge the 
device 

 x x x     x      

Audio 
hardware 

High-quality audio is a key 
component to create 
immersive experiences 

   x       x   x 

Source: Authors’ own elaboration – qualitative assessment based on findings emerging from ecosystems analyses. 
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Our analysis underlined how certain hardware needs are considered critical in a wide 
number of ecosystems, making these advancements particularly important for the 
development of XR as a whole. Particularly, the need for high-performance CPUs and 
GPUs has been marked as critical in 11 ecosystems out of 14. This is because, regardless 
of the specificities of each application used in different ecosystems, higher processing 
power (and its availability at a non-prohibitive price) is necessary to make the most out of 
existing XR solutions, and to allow developers more ambition in creating new ones. 

Computing power and tracking needs in the civil security ecosystem 

AR technology is still in its early stages of development, and many technical challenges need to be 
addressed before it can be effectively used in the civil security sector.105 For example, AR requires 
powerful computing resources and high-speed internet connectivity to function properly, which may 
not be available in all environments. Another reason is that the civil security sector has specific 
requirements that may not be easily addressed by existing AR technology. For example, one critical 
aspect of civil security applications is the ability to track objects and people in real time, particularly 
in complex environments where there may be many moving parts, such as crowds or high-speed 
transportation systems. While AR systems have shown promise in enhancing situational 
awareness, they may face challenges when it comes to real time tracking in complex environments 
because AR systems often rely on sensors, cameras, and other input devices to capture data and 
create a digital overlay on the real-world environment. In complex environments with many moving 
objects, it can be difficult to accurately capture and process this data in real-time, leading to 
potential inaccuracies and delays in tracking objects and people. Additionally, civil security 
applications may require higher levels of accuracy and precision in tracking compared to other AR 
applications, which can pose technical challenges for AR developers. 

Source: stakeholder consultations with sector experts. 

Similar considerations can be made about the need for more advanced high-resolution 
displays and sensors (marked as critical in eight and seven ecosystems respectively), 
which would increase the overall quality of XR solutions and lead the technology into the 
next generation of visual fidelity, image realism, and parameters tracked. 

Another cross-sectoral need regards wireless headsets. These are now becoming the new 
standard in the consumer market, thanks to the highly successful and relatively cheap 
Oculus Quest 2. However, they are still not the norm when it comes to higher-end devices, 
which still need to be plugged into powerful computers to process information, or to 
dedicated external input devices to track specific parameters. The fact that this need is 
relatively widespread across ecosystems (marked as critical in eight out of 14 ecosystems) 
partly explains why the need for better battery life is still considered relatively less 
important (marked as critical in four ecosystems out of 14): since wireless headsets are still 
not the norm, the need to improve their battery life is reduced. 

Having more ergonomic headsets is a general improvement that would benefit users and 
professionals across all ecosystems. However, our research suggests that such an 
advancement would be critical for further uptake in six ecosystems – less than half of the 
total. The key variable in this sense is likely to be the average length in terms of usage time 
of VR/MR headsets. This is the case of ecosystems offering experiences to end customers 
or patients (cultural and creative ecosystem, retail, health), or for those where professionals 
would need to wear headsets for extended periods (health, mobility-transport-automobile, 
energy-intensive, and construction). 

A less cross-sectoral need is advanced tracking. This is crucial in ecosystems that employ 
more advanced solutions related to subjects’ movements, such as in the aerospace and 
defence, or the cultural and creative ecosystems, or that require further advancements in 
the precision of this technology to make potentially disruptive applications feasible in the 
future – such as for the retail and the textile ecosystems, see box below. 

 
105 Source: Visionary Analytics, 2023. Information provided by company representatives during interviews, 
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Advanced tracking for next-generation virtual try-ons in the textile ecosystem 

Virtual try-on refers to the use of XR technologies to simulate the experience of trying on clothes, 
accessories or garments. Currently, these are mostly used through smartphone-power AR 
applications that display a digital representation of the object to be purchased and superimpose it 
to the user’s features through built-in smartphone cameras.106 However, this process is not 
particularly precise with the current state of technology, and it is not able to show a garment in real 
time, on a real person in motion. Advanced tracking technologies, combined with other 
developments, such as more powerful CPUs and GPUs, AI integration, and image-recognition 
technologies, would significantly contribute to next-generation virtual try-ons. These would allow 
garments to be adjusted not only to users’ movements, but also to their specific body features and 
size, making virtual try-ons a solution able to properly inform a purchase decision on a wider set of 
clothes and accessories. Moreover, customers could design their own products or tailor pre-
rendered options, making production more specific to each order received, and avoiding 
overproduction and product waste. 

Source: stakeholder consultations with sector experts. 

Other needs seem to be more niche to specific ecosystems. Haptic feedback 
technologies can integrate the sense of touch to increase the immersivity of a certain 
experience. While useful across most ecosystems, at the moment its development is not 
considered crucial, aside from sectors where touch can be a key element of a product to be 
sold or purchased (such as in the case of retail and textile ecosystems), or where it 
represents an important component in highly specific training settings (such as in aerospace 
and energy renewables, where applying the correct pressure may be a critical factor). 
Finally, advancements in audio hardware can be critical only in these ecosystems that 
heavily rely on content, and that, therefore, need to increase its fidelity and immersivity; or 
in ecosystems such as proximity, social economy, and civil security, where situational 
awareness and high-quality sound analysis are a core component. 

2.3.2. Software needs 

Software needs, presented in Table 6, regard the existing demand for specific pieces of 
software dedicated to various operations and activities required for creating content, and 
developing applications analysing data through XR technologies. The table presents an 
overview of the most important software needs identified, together with a short description, 
and indicates which needs have been found to be critical for current deployment and/or 
future uptake of XR in each ecosystem.

 
106 Valliammai, V., Sandhya, K., Harshitha, V.L., Podili, P.P. and Basha, N.K., (2023), Cloud-Based Intelligent Virtual Try-On 

Using Augmented Reality, In Handbook of Research on Deep Learning Techniques for Cloud-Based Industrial IoT (pp. 
61-78), available here. 
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Table 6. Software-related needs 

Need Short description 

Ecosystem 

Aerospace 
and 

defence 

Agri-
food 

Construction 

Cultural 
and 

creative 
industries 

Digital Electronics 
Energy-
intensive 
industries 

Energy-
renewables 

Health 
Mobility-
transport-

automotive 

Proximity, 
social 

economy, 
and civil 
security 

Retail Textile Tourism 

Development 
tools 

Tools and platforms 
such as software 
development kits 
necessary to 
developers to create 
their XR applications 

   x   x X x x    x 

Content 
creation 
software 

Set of software such 
as 3D models and 
video editing tools 
used by content 
creators to develop 
and produce new XR 
content 

   x     x x  x x  

User interface 
and user 
experience tools 

UI and UX are 
fundamental 
elements of an 
intuitive XR solution 

 x x x  x      x x x 

Simulation and 
rendering 
software 

Graphic engines used 
to render high-quality 
graphics in real time 

   x       x    

Tracking and 
gesture 
recognition 
software 

Software required to 
properly register and 
process inputs 
coming from tracking 
and gesture 
recognition hardware 

   x       x x x  

Analytics and 
data 
visualisation 
software 

Used to track user 
behaviour and 
improve user 
experience 

x  x           x 

Source: Authors’ own elaboration – qualitative assessment based on findings emerging from ecosystems analyses. 
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Differently from what emerged from the section above, software needs seem to be less 
cross-sectoral in nature and more linked to the specificities of each ecosystem analysed. 

The software advancement that has been marked as critical in the highest number of 
ecosystems regards user interface and user experience tools. Developing a seamless and 
easy-to-use interface is a crucial aspect in the success of any given XR application, when 
targeting both end consumers and professionals. As XR technologies mature, aspects, such 
as UX and UI, gain more importance to offer a fully-fledged high-quality experience. 
Therefore, tools, such as visual design and prototyping software, are increasing in demand 
from studios, so that they can integrate and design intuitive navigation, clear visual cues, 
and engaging graphics in a faster and smarter way. More generally, the need for more and 
better development tools (i.e., software used by developers to easily create applications 
and experiences), such as game engines, 3D modelling software, and software 
development kits (SDK) is relatively widespread (six ecosystems). These tools are in fact 
fundamental for a variety of tasks, such as content creation, testing and debugging, 
performance optimisation, or even collaboration between different team members. 

Need for customisation of VR training in wind energy 

The key barrier preventing the broader adoption of VR training in the wind energy sector of the 
renewable energies industrial ecosystem seems to be the need for the customisation of such 
solutions, which are expensive.107 While standardised training does exist in the wind energy sector 
– they are regulated by the Global Wind Organisation (GWO) –, VR training solutions have largely 
been customised for individual customers. In other words, XR deployment has depended on the 
openness of the companies active in the sector to engage with such solutions. However, 
customised solutions require a lot of time and money to perfect, thus, excluding smaller firms that 
cannot invest such resources. Hence, VR-based training in the wind energy sector have largely 
remained limited to large firms, such as Siemens Gamesa. On this matter, Kanda – the developer 
for Siemens Gamesa’s customised solution for VR training in Denmark – are currently developing 
a potentially disruptive new solution. They are planning to launch a subscription-based model for 
certain GWO courses, which would reduce the cost of entry significantly. Note, however, that the 
argument of cost versus benefit more broadly also applies to other sectors within the industrial 
ecosystem. 

Source: stakeholder consultations with sector experts. 

Content creation software is generally considered to be of high enough quality, or not crucial 
enough to disrupt the ecosystem in case of advancements, in most of the ecosystems 
analysed. Exceptions are those sectors that rely more heavily on interaction with consumers 
(cultural and creative, retail, textile), or with personnel for training purposes (mobility-
transport-automotive). A similar scenario is found with regard to tracking and gesture 
recognition software (see considerations under Section 2.3.1 above about advanced 
tracking hardware). Analytics and data visualisation software are critical in those 
ecosystems where integrations of XR with big data can provide useful insights and detailed 
flow information (see box on tourism below). Finally, simulation and rendering software is 
critical only in two sectors, which would benefit from improved capabilities to render XR 
content in real time, to create better experiences or videogames in the cultural and creative 
ecosystem, or to develop applications in the civil security domain. 

Data flow integration in the tourism ecosystem 

The analysis of big data is in especially high demand in the tourism sector, as a plethora of different 
sources, such as social media, user preference, and travel history, can help hotels and tourist 
destinations to tailor and personalise their offer to result in more appealing to potential customers. 
This is useful in marketing and advertising applications, where big data can be used to target 
tourists with personalised campaigns, which can be delivered and enhanced through XR 

 
107 Future Visual (2022), Why virtual reality is the future of wind turbine training, available here. 

https://www.futurevisual.com/blog/why-virtual-reality-is-the-future-of-wind-turbine-training/
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technologies to increase their effectiveness.108 With the increase of this integration between big 
data, AI algorithms, and XR technologies, tourism destinations have the potential to take these 
experiences a step further, creating infrastructures of smart destination management. These would 
optimise tourism resources and infrastructure, by analysing data on tourist flows, travel patterns, 
and attraction popularity. XR technologies could be integrated into such a system, providing real-
time information on traffic flows, next-generation wayfinding applications highlighting and 
describing nearby attractions, and signal to tourists the safest/less crowded paths to reach their 
destination. 

Source: stakeholder consultations with sector experts. 

2.3.3. Infrastructure needs 

This subsection refers to industrial needs regarding the IT infrastructure required for the 
proper functioning of XR technologies and their integration with other technologies. 
Infrastructure is understood as those virtual and physical components that play a role in IT 
and IT-enabled operations.109 The table presents an overview of the most important 
infrastructure needs identified, together with a short description, and indicates which needs 
have been found to be critical for current deployment and/or future uptake of XR in each 
ecosystem. 

 
108 See Rauschnabel, P. A. (2022), XR in tourism marketing, in Buhalis, D., Encyclopedia of tourism management and 

marketing, available here. 
109 See Gartner glossary, available here: https://www.gartner.com/en/information-technology/glossary/it-infrastructure  

https://www.elgaronline.com/display/book/9781800377486/b-9781800377486.xr.in.tourism.xml
https://www.gartner.com/en/information-technology/glossary/it-infrastructure
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Table 7. IT infrastructure-related needs 

Need Short description 

Ecosystem 

Aerospace 
and 

defence 

Agri-
food 

Construction 

Cultural 
and 

creative 
industries 

Digital Electronics 
Energy-
intensive 
industries 

Energy-
renewables 

Health 
Mobility-
transport-

automotive 

Proximity, 
social 

economy, and 
civil security 

Retail Textile Tourism 

Low-latency 
connectivity, 
5G/6G 

High-speed and low-latency 
connectivity, possibly through 
new generation 5G and 6G 
infrastructure, needed for data 
transfer and communication 

x   X     x  x    

Standards 
and protocols 

Industry-wide standards required 
to ensure interoperability 
between XR solutions 

  x   x X x x x x x x x 

Infrastructure 
for integration 
with 
blockchain 

Infrastructure such as 
blockchain network, 
decentralised storage, 
identity/access management to 
facilitate the integration of XR 
with blockchain technologies 

x   X  x    x     

Cloud 
computing 
services 

Infrastructure needed to process 
and analyse large amounts of 
data generated by XR 
applications 

x     x   x     x 

Edge 
computing 

Distributed computing 
architecture reducing latency 
and improving performances 

x             x 

Sensors 
(external) 

Sensors external to the XR 
device, to be integrated with the 
XR solution and, for instance, 
enhanced through AI 

  x            

Integration 
with existing 
IT systems 

Infrastructure required to 
integrate XR with existing 
enterprise systems such as 
enterprise resource planning 
(ERP), customer relationship 
management (CRM), or supply 
chain management systems 

  x   x  x  x    x 

Source: Authors’ own elaboration – qualitative assessment based on findings emerging from ecosystems analyses. 
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In the case of infrastructural needs, the major trend emerging is the cross-cutting 
relevance of standards and protocols. Common standards are “technical specifications 
defining requirements for products, production processes, services, or test methods”110 
which, in the case of XR, can regard technical specifications in hardware (display resolution, 
tracking technology), and software (platform requirements, communication protocols). They 
are also understood as guidelines and best practices, to ensure the quality and 
interoperability of hardware and software products. The development of proper industry 
standards is being led by initiatives, such as OpenXR, WebXR, and the IEEE VR and AR 
Standards Working Group.111 The cross-sectoral nature of this need is due to various 
reasons. Standards would facilitate the development of XR applications and distribution for 
multiple devices – whereas, at the moment, hardware manufacturers often use their own 
proprietary systems, complicating the porting of applications from one software ecosystem 
to the other. Moreover, they would ensure proper interaction between XR and close 
emerging technologies (such as blockchain, AI or 5G), as well as facilitate its integration 
with existing systems and technologies – a crucial step, especially for businesses interested 
in using immersive technologies to renew their workflow. Therefore, improved 
interoperability would significantly facilitate XR studios in developing and monetising their 
XR products, as well as cutting costs for XR integration. 

The problem of standards is closely related to the second and third most mentioned 
infrastructural needs across ecosystems, that is the integration with existing IT systems (five 
ecosystems out of 14), and integration with blockchain technologies (four out of 14). In the 
first case, the cause for issues is the fact that most companies, when deciding to start using 
XR solutions in their everyday work, already possess various IT tools and architectures – 
such as ERP, CRM, or supply chain management systems. Therefore, the seamless 
integration of these tools with the new XR solution is a crucial criterion element, which can 
result in high costs, especially in ecosystems where other technologies play an important 
role. This is the case, for instance, of the construction, electronics, energy-renewables, and 
mobility-transport-automotive ecosystems. Blockchain technologies, on the other hand, are 
particularly useful when it comes to data privacy and security due to their nature of 
distributed ledger systems (aerospace and defence, mobility-transport-automotive 
ecosystems), or when NFTs and other forms of transactions through cryptocurrency are 
especially important (cultural and creative ecosystem). 

The need for low-latency connectivity or integration with 5G/6G, while clearly being a cross-
cutting development, which would facilitate streaming operation or data transfer, is 
considered critical only in three ecosystems. There can be at least two explanations for this, 
mentioned by stakeholders interviewed: on the one hand, many applications work fairly well 
with current systems and, while certainly benefitting from a connectivity upgrade, would not 
be revolutionised by it. On the other, connectivity is crucial only in applications that require 
high efficiency and fast response rates (such as in defence or civil security contexts), or 
where streaming activities are an important way for content distribution (for instance, VR 
gaming streamers in the cultural and creative ecosystem). 

Offline training in the renewable energy ecosystem and offline applications for the 
defence ecosystem 

A unique need for technological advancement of the energy renewables ecosystem is the need for 
an option to run multi-participant VR-based training sessions offline. The offshore wind energy 
sector requires workers to perform their duties in remote locations. While VR-based training can 
replace some real-life offshore trainings with virtual onshore ones, it is conceivable that some 
training might still have to occur offshore. However, there, too, might be some training run virtually, 
to reduce safety risks. What is problematic is that, oftentimes, offshore locations lack the reliable 
internet access necessary to run collaborative training with several participants. Hence, if such 

 
110 European Commission (2022), European standards. 
111 Open XR website: https://www.khronos.org/openxr/ ; WebXR website: https://immersiveweb.dev/ ; IEEE website: 

https://sagroups.ieee.org/2048wg/  

https://single-market-economy.ec.europa.eu/single-market/european-standards_en
https://www.khronos.org/openxr/
https://immersiveweb.dev/
https://sagroups.ieee.org/2048wg/


ZERO-DISTANCE XR APPLICATIONS AND SERVICES  
 

58 

collaborative training were possible without the need to be connected to the internet, more use 
cases for VR-based training would be unlocked.  

Similar to the renewable energy ecosystem, offline XR applications would be valued by the defence 
ecosystem as well. A key need for the further deployment of XR in the sector is ensuring the 
security of data, due to the sensitive nature of the sector (involving national secrets and military 
strategies). Using applications, be it VR training, or AR on field operations, offline would offer a 
higher level of protection against cyber threats, and, according to some interviewees, is a key 
condition for their organisations/clients to further deploy XR solutions. 

Source: stakeholder consultations with sector experts. 

Cloud computing services, and edge computing, are infrastructures with the potential to 
substantially increase the volume of data processed per second (and are therefore 
important in sectors, such as tourism, where visualisation of tourists’ data can lead to 
quicker insights and improved customer experience), and the computing power available. 
Moreover, they are particularly important for integration of next-generation AI technologies 
in the XR ecosystem, making them critical in sectors, such as electronics, or aerospace and 
defence. 

2.4. Barriers to the adoption of XR at a large scale 

In this section, we describe the main barriers, identified during this study across the 14 
industrial ecosystems, faced by producers and/or users of XR technologies that hinder 
further technological uptake of XR technologies. We place these barriers into the following 
five main categories: 1) technological; 2) business; 3) financial; 4) societal; 5) legal barriers. 
The rationale for this categorisation comes from the need to comprehensively address the 
principal domains where barriers may arise. Moreover, such a structured approach has 
previously been proposed and used in studies approved by the Commission.112 For each 
category, we based the identification of barriers on desk research and findings deriving from 
interviews with stakeholders. We then conducted a cross-ecosystem analysis to assess, for 
each ecosystem, the relevance and importance of each identified barrier. Such an analysis 
included, once descriptions of single ecosystems were concluded, an internal focus group 
discussion to ensure consistency of findings. The degree of impact was then judged by the 
project team based on this discussion and on the evidence collected. While describing the 
main trends having an impact on the XR ecosystem, as a whole, we present, in textboxes, 
specific examples or peculiarities coming from single ecosystems. As for needs in Section 
2.3, these specific examples do not necessarily represent ecosystem-wide trends; rather, 
they exemplify how some of the needs we identified can translate into practice.  

2.4.1. Technological barriers 

Technological barriers are closely linked to the needs for the further uptake of the 
technology presented in Section 2.3 above. Table 8 lists the main high-level challenges that 
have been identified and flagged throughout various of the 14 industrial ecosystems 
analysed, providing an indication of the degree of impact in each of them. 

 
112 Ecorys (2022). The Virtual and Augmented Reality Industrial Coalition – Strategic Paper. Available here: 

https://op.europa.eu/en/publication-detail/-/publication/9aaef6fd-28db-11ed-8fa0-01aa75ed71a1 

https://op.europa.eu/en/publication-detail/-/publication/9aaef6fd-28db-11ed-8fa0-01aa75ed71a1
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Table 8. Technology-related barriers 

Barrier Short description 

Ecosystem 

Aerospace 
and 

defence 

Agri-
food 

Construction 
Cultural and 

creative 
industries 

Digital Electronics 
Energy-
intensive 
industries 

Energy-
renewables 

Health 
Mobility-

transport-
automotive 

Proximity, social 
economy, and 
civil security 

Retail Textile Tourism 

Standardi
sation 

Lack of 
interoperability 
within the XR 
ecosystem and in 
relation to other 
relevant 
technologies, 
leading to reduced 
innovation and 
additional costs 

High Low High Medium High High Medium Medium High Medium High Medium Medium Medium 

Hardware 

Issues related to 
the current status 
of XR hardware, 
such as 
accessibility, 
usability, comfort, 
reliability 

Low 
Mediu
m 

Medium High Medium High Medium High High High Medium Medium Medium Low 

Software 

Issues related to 
the lack or 
inadequateness of 
existing 
software/platforms 
to perform specific 
tasks or use 
certain XR 
solutions 

Medium High Medium Medium Medium Medium Medium Medium Medium Medium Medium Medium Medium Medium 

Infrastruc
ture 

Difficulties in 
making the most 
out of XR 
technologies due 
to technological 
infrastructure 
limitations 

Medium Low Medium Medium Low Medium High Medium Medium Medium Low Medium Medium Medium 

Source: Authors’ own elaboration - qualitative assessment based on findings emerging from ecosystems analyses.
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Generally, stakeholders across many ecosystems underlined that progress in terms of 
hardware is still being expected, and could significantly increase the appeal of XR for 
consumers and businesses. While XR technologies are considered relatively mature and 
past their infancy days, from a technical point of view, various technological challenges still 
persist, and have the potential of limiting further uptake and deployment.113 The desired 
progress needs vary depending on the ecosystem, and range between better resolution for 
applications relying on image fidelity to better battery life and more headsets comfort. Even 
in cases where interviewees declared that the core of the technology “is already here”, 
expectations for the future are high. 

Precision and accuracy in the mobility-transport-automotive industrial ecosystem  

The current technological capabilities of XR tools present substantial challenges for the widespread 
adoption within the mobility-transport-automotive industrial ecosystem114. This ecosystem 
demands high levels of precision, yet the existing state of XR technology struggles to deliver 
accurate real-time impressions of material quality and interactions under varying light conditions. 
As a result, enhancements in the visual aspects of XR, such as colour correction and brightness, 
remain necessary. Moreover, the size dimensions of the equipment, lens quality, and perspective 
distortion pose additional obstacles. Another relevant factor in the automotive manufacturing 
process is the extensive volume of data involved, which necessitates optimisation for effective XR 
utilisation. Regrettably, the present state of XR lacks the capacity to manage this degree of 
complexity. Likewise, in the adoption of XR solutions present security concerns related to the 
storage of sensitive information on external servers.  

Source: stakeholder consultations with sector experts. 

One of the most important barriers, ranked as “Medium” or “High”, in terms of impact in most 
ecosystems, regards ongoing standardisation efforts – or their lack thereof, as emerged 
from findings of the section above on industry needs. Current deficiencies in the EU (and at 
the global level) regarding standards often result in issues related to interoperability, which 
hinder the possibility of developing new applications or easily monetise existing 
applications. Different hardware and software providers offer their proprietary solutions, 
which may not be compatible with one another. This complicates actions aimed at 
developing common standards, and often results in sub-optimal performances of the final 
piece of content. 

With regards to hardware, software, and IT infrastructure, more details are provided in the 
section above on needs for specific details. When considering the importance of these 
elements as barriers, it is interesting to note how hardware-related issues tend to be 
perceived as more important or impactful, when compared to the other two categories – 
showing how XR, while evolving, is still far from its full maturity. Therefore, problems, such 
as lack of reliability, size, and comfort of headsets, or the sheer computational power 
needed to properly operate XR solutions still need to be solved. With regards to software, 
it is ranked as a “Medium” problem in almost every industrial ecosystem. Finally, 
technological infrastructure should be strengthened to ensure proper interaction between 
XR and close emerging technologies (such as blockchain, AI, or 5G), as well as facilitate 
its integration with existing systems and technologies – a crucial step, especially for 
businesses interested in using immersive technologies to renew their workflow.  

 
113 Various studies and reports focus on existing technological challenges across ecosystems. For instance, see European 

Commission (2023), Extended Reality – Opportunities, success stories and challenges (health, education), available 
here; or Minopoulos, G., Psannis, K. E. (2023), Opportunities and Challenges of Tangible XR Applications for 5G 
Networks and Beyond, in IEEE Consumer Electronics Magazine, vol. 12, no. 6, pp. 9-19, 1 Nov. 2023, doi: 
10.1109/MCE.2022.3156305; or Ziker, C., Truman, B., Dodds, H. (2021), Cross Reality (XR): Challenges and 
opportunities across the spectrum, in Ruoo, J., Winkelmann, K., Innovative learning environments in STEM higher 
education, available here. 

114 For an overview, see Boboc, R.G., Gîrbacia, F. and Butilă, E.V., (2020), The application of augmented reality in the 
automotive industry: A systematic literature review, available here. 

https://op.europa.eu/en/publication-detail/-/publication/f242f605-a82e-11ed-b508-01aa75ed71a1
https://library.oapen.org/bitstream/handle/20.500.12657/47325/9783030589486.pdf#page=69
https://www.mdpi.com/2076-3417/10/12/4259
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Reliability of digital twins of offshore wind turbine blades 

A technological barrier specific to the renewable energies industrial ecosystem pertains to the 
reliability of XR applications that are designed to remotely monitor wind turbines. In particular, 
solutions, such as the digital twin of a wind turbine blade, as developed by project ReliaBlade,115 
would, if scaled up, need to be able to reliably monitor all three blades of large offshore wind farms. 
This necessitates the need for an automatised solution that is not prone to sending out frequent 
false alarms. However, Kim Brenner of ReliaBlade holds that digital twin solutions still remain rather 
experimental, and have not yet achieved the appropriate levels of robustness and reliability. 

Source: stakeholder consultations with sector experts. 

2.4.2. Business barriers 

Business barriers are difficulties related to specific conditions of the XR market that hamper 
the possibility for businesses to properly monetise XR solutions, or to effectively integrate 
them into their workflow. The table below presents the most important business barriers.

 
115 Project website available here. 

https://www.google.com/search?q=reliablade+vr&rlz=1C1GCEA_enBE976BE976&oq=reliablade+vr&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRigATIHCAIQIRigAdIBCDI0NjFqMWo0qAIAsAIA&sourceid=chrome&ie=UTF-8
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Table 9. Business barriers 

Barrier Short description 

Ecosystem 

Aerospac
e and 

defence 

Agri-
food 

Construc
tion 

Cultural 
and 

creative 
industrie

s 

Digital Electronics 
Energy-
intensive 
industries 

Energy-
renewables 

Health 
Mobility-

transport-
automotive 

Proximity, 
social 

economy, 
and civil 
security 

Retail Textile Tourism 

Dominance of 
non-
European 
actors 

Excessive influence of 
non-European actors in 
key areas of the whole XR 
ecosystem, leading to 
limited competitiveness 
and influence. 

High Medium Low High High High Medium Low Medium Medium Medium Low Low Low 

Market 
fragmentation 

Difficulties in upscaling 
XR technologies across 
different Member States 
(due to regulation, 
preference for national 
markets) 

High Medium High High High High Medium Low Medium Low Low Low 
Mediu
m 

Medium 

Business 
models 

Limited opportunities to 
monetise XR solutions 
and applications due to 
lack/ineffectiveness of 
existing business models 

Low High Low Medium Medium Medium Medium Low Medium Low Medium Low 
Mediu
m 

High  

Costs 

Excessive costs in 
adopting XR technologies 
from the side of business 
(implementation in the 
workflow) and consumers 
(purchase of required 
hardware) 

Low High Medium Medium Low Low Low Medium High Medium  Medium Medium 
Mediu
m 

Medium 

User base 

Limited user base 
interested in integrating 
XR technologies or using 
them as final consumers 

Low Medium Medium High Medium Low Low High Medium Low Medium Low High Medium 

Source: Authors’ own elaboration – qualitative assessment based on findings emerging from ecosystems analyses.
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One of the most relevant challenges related to the business environment specifically 
regards the EU – rather, the relative lack of importance of EU players as opposed to the 
enormous influence that non-EU actors exert on the global market. American players 
dominate the platform landscape (at least in the Western market), with distributors, such as 
the Oculus Quest Store and Steam. The situation is more varied when it comes to hardware, 
with the US, Japan, China, and South Korea housing the biggest manufacturers (such as 
Oculus, Sony, HTC, Pico, etc). This is confirmed by Delphi survey respondents, most of 
whom agree (56% or nine out of 16) or strongly agree (25% or four out of 16) that adoption 
in Europe appears to be slower, compared to North America and Asia. This dominance of 
non-EU players has direct consequences on content production and distribution, often 
limiting creators and preventing them to shape the market in concert with policymakers. To 
increase the presence of European companies in the XR industry and virtual worlds, 
investment and promotion of EU-based services are needed to create a highly competitive 
ecosystem aligned with EU values in terms of commercial, ethical, and quality aspects. It 
would be foremost important to support innovation through more Horizon funding, taking a 
multidisciplinary approach for application areas in the virtual worlds (including XR, AI, 5G, 
and cloud) (81% agreement from Delphi survey respondents (13 out of 16 agreed or 
strongly agreed). As noted by Delphi survey respondents, the EU has the potential to lead 
the industry by establishing frameworks and standards for the future virtual worlds similar 
to how HTML (HyperText Markup Language) did for the internet. One opportunity is the 
creation of a quality standard label that ensures end-users of the safety and privacy of their 
neuro data, which could help the EU to become a global sector leader. 

Monetisation difficulties in the tourism and cultural and creative ecosystems 

In specific circumstances, monetisation opportunities for European content creators can be 
thwarted or removed altogether due to strategic or business decisions implemented by the main 
platforms that distribute digital content. The most important ones, based in the US, are the Oculus 
Quest Store and Steam. Both took the executive decision of removing the possibility for creators 
to upload paid video content – and, therefore, to permit only the presence of videos available for 
free. The decision was taken as videos do not generate revenues for these platforms (as they do 
on other platforms, such as YouTube), but are rather a way to showcase content available on the 
platform. However, XR studios that produced and sold 360 degrees videos suddenly lost an 
opportunity to monetise their work, as developing a dedicated application with in-app purchase 
options would require extensive resources and encounter interoperability issues across platforms.  

Source: stakeholder consultations with sector experts. 

A concern that is more widely perceived as problematic across industrial ecosystems 
regards the XR market fragmentation. It is still not possible to talk about a true EU market, 
as current differences in regulation, traditional mindsets, and the still widespread tendency 
to favour national industries and entities over other EU ones, fragment the European 
landscape into its smaller, national, or even regional/local components. This situation leads 
to difficulties in upscaling successful XR solutions and establishing businesses on a cross-
national basis. Stakeholders from many ecosystems with a strong international dimension 
flagged this issue in relation to XR technologies. Experts surveyed in the second Delphi 
survey round also rated likelihood (81%, or 11 out of 16 respondents) that successful 
adoption of the XR technologies and the virtual worlds116 in the EU are hindered by a lack 
of strategic thinking and vision to be high. This is correlated with the opinion of Delphi 
survey respondents that there is a lack of a central body that could help unify access to 
resources and information that aids those creating legal frameworks and training plans 
(63% of respondents or 10 out of 16 agreed or strongly agreed with this statement). 

 
116 The survey questionnaire used term metaverse, but the report was revised to be in line with the vocabulary used in 

Communication adopted by the European Commission on 11 July 2023, setting out a strategy focusing on Web 4.0 and 
virtual worlds. 
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XR market fragmentation in the health sector117   

The lack of widely accepted standards in the healthcare ecosystem is hindering system 
interoperability, increasing development and testing costs, and limiting innovation. Healthcare 
organisations are faced with the challenge of having to create custom solutions for each system 
they want to integrate, resulting in higher costs and longer development cycles. This fragmented 
environment makes it difficult to share information between different systems, leading to 
inefficiencies and reducing the overall quality of care. This is particularly worrying in the fast-moving 
healthcare industry, where timely access to accurate information is crucial to patient outcomes. 
European governments, healthcare providers, and technology companies are increasingly 
recognising the importance of standards in enabling interoperability, reducing costs, and promoting 
innovation in the healthcare ecosystem. The European Interoperability Framework (EIF) 118 is one 
example of an initiative that is working to develop standards and guidelines to support the seamless 
exchange of information between different systems and technologies. By addressing this issue, 
they aim to improve the quality of care, and ensure timely access to accurate information, which is 
essential in the healthcare industry. 

Source: stakeholder consultations with sector experts. 

The existence of viable business models for the proper monetisation of XR solutions, and 
the possibility of creating and finding new, innovative ones, is a particularly important factor 
for the business environment. In most ecosystems, this issue is indicated as of “Medium” or 
“Low” importance. This is due to the fact that XR is no longer considered to be a new 
technology, and successful business models have already been established. Still, many 
businesses are not aware of them, or are suspicious towards the return on investments 
related to XR technologies. 

Lack of suitable business models in the agri-food ecosystem   

XR technology, despite its potential benefits, faces multiple obstacles to widespread adoption 
within the agricultural and food industrial ecosystems. One of the primary obstacles is the absence 
of appropriate business models that can justify the costs associated with the technology's adoption. 
The initial expenses of implementing and maintaining XR solutions can surpass the anticipated 
gains in productivity and efficiency. Additionally, the agricultural sector struggles with a persistent 
lack of digital literacy among its workforce, which further slows down the broader deployment of 
XR technology. This knowledge gap can impede the effective utilisation of XR applications and 
diminish the potential return on investment. Consequently, fostering digital literacy and developing 
tailored training programs for the agricultural community will be crucial in overcoming this barrier.  

Source: stakeholder consultations with sector experts. 

Costs associated with developing and implementing immersive technologies into 
traditional workflows are still considered a problem in various ecosystems. However, the 
situation has been improving over the last years, due to the significant reduction in the price 
especially of low- and medium-end headsets, which allows consumers and smaller 
businesses to consider the purchase of XR solutions.119 However, costs for users can easily 
amount to more than the purchase sum, as  for example, powerful computers and relevant 
hardware (e.g., headsets or sensors) need to be first purchased and then properly 
maintained. Moreover, integrating the XR solution with the existing digital workflow of a 
company can take additional time and resources, which makes the initial investment in XR 
a barrier often too high for SMEs to surpass. 

Issues related to the limited user base seem to be considered as less problematic than 
others, as well. This is due to the fact that XR technologies are nowadays better known by 
stakeholders and businesses, and awareness about the benefits is higher. However, 

 
117 Description is based on interviews and Visionary Analytics, IDEA Consult, Boel, C., Dekeyser, K., Depaepe, F., et al., 

Extended reality: opportunities, success stories and challenges (health, education): final report, Publications Office of 
the European Union, 2023. Available here. 

118 Website available here 
119 A prime exemple of this trend has been the Oculus Quest 2, a wireless and standalone headset with low-medium 

performance which sold at around EUR 350 in Europe. 

https://data.europa.eu/doi/10.2759/121671
https://joinup.ec.europa.eu/collection/nifo-national-interoperability-framework-observatory/european-interoperability-framework-detail
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especially ecosystems that heavily rely on consumers and XR technologies going 
mainstream (such as the cultural and creative or the textile sector) still find the problem of 
the thin consumer base to the highly important. 

2.4.3. Financial barriers 

This category of barriers regards access to finance, either public or private, and the market 
readiness of XR technologies. 
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Table 10. Financial barriers 

Barrier Short description 

Ecosystem 

Aerospace 
and 

defence 

Agri-
food 

Construct
ion 

Cultural 
and 

creative 
industries 

Digital 
Electro

nics 

Energy-
intensive 
industries 

Energy-
renewables 

Health 
Mobility-

transport-
automotive 

Proximity, 
social 

economy, 
and civil 
security 

Retail Textile Tourism 

Access to 
funding 
related to 
content 
developm
ent 

Limited access to 
public and private 
funding opportunities 
dedicated to 
developing new 
content 

Low Medium Low High Medium Medium Low Low Medium Low High  Medium Medium Medium 

Access to 
funding 
related to 
commerci
alisation 
and 
scaling-up 

Limited access to risk 
financing for 
upscaling XR 
solutions and bring 
them to the market 

Medium Medium Medium Medium High High Low Low Medium Low High Medium Medium Medium 

Access to 
funding 
related to 
R&D and 
R&I 

Limited access to 
public and private 
funding opportunities 
aimed at developing 
innovative XR 
solutions or XR-
related processes 

Medium Medium Medium Medium Medium Medium Low Low Medium Low High Medium Medium Low  

Uncertain 
market 
potential 

Lack of strong data 
evidence base and 
technological track 
record proving XR 
potential in terms of 
ROI 

High High Medium Medium High Medium Medium Low High Low Low Medium Medium Medium 

Source: Authors’ own elaboration – qualitative assessment based on findings emerging from ecosystems analyses. 
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Overall difficulties with regard to access to funding are known within the XR community 
and have been highlighted in different studies.120 Public funding at EU- and national-level is 
often insufficient and not tailored to the specific needs of XR technologies, often mixing 
creative and artistic elements with their technical dimensions. Stakeholders often provided 
positive feedback with regard to EU-level funding opportunities, such as Creative Europe. 
However, they underline how these opportunities should receive more abundant budgets to 
reduce the fierce competition around them and streamline administrative requirements to 
the highest extent possible. In fact, especially SMEs and start-ups struggle to find and 
allocate the resources necessary to apply for public opportunities. Interestingly, these 
observation regards both EU- and national-level funding opportunities. Access to private 
opportunities, on the other hand, is often caused by private investors’ risk aversion, 
especially in the EU, towards XR (see below). This results in fewer possibilities for 
innovative studios, which face recurring problems in obtaining financing in Europe. During 
interviews with companies in the proximity, social economy, and civil security sectors, a 
common theme emerged regarding the need for more financial support and a cohesive 
platform for XR technology companies. These companies expressed that the current 
funding initiatives are insufficient in providing long-term support and emphasised the 
importance of easier access to funding. 

The table above distinguishes access to funding depending on the final purpose. The 
importance of each category varies across ecosystems, especially in relation to the type of 
applications and solutions that are more in demand in each of them. Therefore, financing 
related to content creation is a particular problem in an ecosystem, such as the cultural and 
creative one, while commercialisation and scaling up financing opportunities are more in 
need in technology-intensive ecosystems, such as the digital, electronics, and proximity 
ones. Funding related to R&D and R&I has been found to be a high-impact challenge only 
in the proximity sector, which is generally underdeveloped in comparison to others and 
faces numerous challenges, as a whole. This is in line with the idea that emerged from 
various sources and stakeholders, that XR technologies are fairly developed and mature 
from a purely technological point of view (despite the current limitations still being impactful, 
as noted in Section 2.3). Therefore, while remaining relevant, lack of funding opportunities 
in research, innovation, and development are relatively less impactful than others. 

The remaining uncertainties regarding the market potential of XR are a wider problem 
that affects various ecosystems. Data about the return on investment of XR are not definitive 
and investors are often unwilling to support innovative XR studios, knowing that their initial 
expense may not be compensated with future gains. Further maturing of XR solutions as 
market products may improve this situation over time. As mentioned above, this is a 
specifically European problem affecting not only XR technologies, but the overall tech 
market. Due to the difficulties in identifying and obtaining proper funding from European 
private entities, many European start-ups interested in scaling up their business are led to 
look for VCs, angel investors or seed funding outside of the EU, particularly in the US and 
in North America. This can undermine EU efforts to strengthen its own innovation capacity 
and increase its dependence on external sources of technology and capital. 

High volumes of risk financing for the digital and electronics ecosystems 

While commercialisation and scaling-up financing is, to some extent, a barrier for most ecosystems, 
the required volumes are comparatively higher for the development of core hardware, such as VR 
headsets, AR glasses, etc., as well as for the development of platforms for developers and/or end 
users, such as virtual worlds. European SMEs are proving that in terms of R&D, technological 
development, and capabilities successful solutions are emerging in those areas. However, many 
innovative start-ups are either purchased by larger companies, or are struggling to raise high-risk 
financing to scale their activities. The XR financing analysis in Section 2.1 gives some indication of 
the successful EU-based companies in fundraising, as well as the gap in the total funding raised in 
the EU, compared to other leading ecosystems in terms of XR development. 

 
120 For an overview and examples of other reports, see Ecorys (2022), AR/VR Industrial Coalition. 
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Source: stakeholder consultations with sector experts. 

2.4.4. Societal barriers 

Societal barriers mostly relate to the education of users and professionals in the context of 
XR technologies, with the potential of hampering or slowing their acceptance in society and 
further uptake. 
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Table 11. Societal barriers 

Barrier Short description 

Ecosystem 

Aerospace 
and 

defence 

Agri-
food 

Construction 

Cultural 
and 

creative 
industries 

Digital Electronics 
Energy-
intensive 
industries 

Energy-
renewables 

Health 
Mobility-

transport-
automotive 

Proximity, 
social 

economy, 
and civil 
security 

Retail Textile Tourism 

User 
awareness 

Lack of 
awareness of 
XR technologies 
(in terms of 
benefits and 
potential) from 
the side of 
professionals or 
final users. 

Medium High Medium Medium Medium Low High High Medium Low Medium High High High 

User 
acceptance 

Resistance from 
users in 
transitioning 
from a traditional 
to an XR 
solution 

Medium High High Medium Medium Medium High High High Medium Medium Medium Medium Medium 

Lack of 
talent with 
technical 
expertise 

Lack of staff with 
the required 
technical 
expertise to 
develop or 
provide 
assistance to 
businesses in 
installation and 
operation of XR 
technologies 

Medium Medium Medium Low Medium Medium High High High High Medium Medium Medium Medium 

Source: Authors’ own elaboration – qualitative assessment based on findings emerging from ecosystems analyses. 
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Users’ awareness (both in terms of consumers and businesses integrating XR) refers to 
at least two aspects: 1) awareness of the benefits of XR, which is often overlooked as a 
technology, or considered only for its promotional value, as opposed to the plethora of its 
different applications; 2) awareness of the specificities of the various XR technologies and 
of the potential difficulties that can be encountered during the implementation stages. This 
last aspect has been mentioned by several stakeholders, who often select their clients 
based on their understanding of how the technology can practically solve the specific 
issue(s) they want to tackle. Lack of this general understanding can lead to misuse of XR, 
as well as to unsatisfactory results or poor assessments of the resources and efforts needed 
to implement it. Most of the experts from the second round of Delphi survey also tend to 
agree (94%, or 15 out of 16 rated this as very likely or likely) that people are unaware of the 
possibilities with XR and virtual world121 technologies, or have misconceptions, due to a lack 
of education and understanding. 

Problems with social acceptance are especially high in ecosystems where professionals 
need to transition from traditional ways of conducting work-related tasks (such as working 
on a construction site or in a manufacturing plant), to the use of XR technologies. Whenever 
tasks involving security issues are involved, reluctance increases further. 

Need for further clinical research in the healthcare ecosystem 

To ensure the safety and effectiveness of XR technologies in the health sector, clinical trials and 
studies are needed. These trials and studies involve testing XR technologies on patients to assess 
their efficacy, identify potential side effects, and evaluate their impact on patient outcomes.122 The 
results of these studies inform decisions about whether to use the technology in clinical settings. 
While interviewed stakeholders acknowledge the promising potential of XR technologies in 
healthcare, they also caution that careful research and analysis are required to fully understand 
their impact on an individual's psychological and physiological well-being. The efficiency of these 
technologies remains unclear, and further studies are needed to ensure their safety and 
effectiveness. 

Source: stakeholder consultations with sector experts. 

The last challenge identified regards the talent, that is professionals and specialised staff 
working in the XR sector. Across various ecosystems, the number of professionals with the 
right set of skills to develop and implement XR solutions is perceived to be sub-optimal, with 
the sole creative and cultural ecosystem marking the issue as “Low”. Educational efforts to 
include XR teaching in university courses and increased opportunities in terms of training 
modules would be beneficial to improve the situation further.123 

2.4.5. Legal barriers 

These barriers regard challenges linked to the existing legal framework around XR 
technologies and to various uncertainties still in existence. 

 
121 The survey questionnaire used term metaverse, but the report was revised to be in line with the vocabulary used in 

Communication adopted by the European Commission on 11 July 2023, setting out a strategy focusing on Web 4.0 and 
virtual worlds. 

122 An overview of challenges can be found in Garrett B, Taverner T, Gromala D, Tao G, Cordingley E, Sun C. (2018) Virtual 
Reality Clinical Research: Promises and Challenges, available here. 

123 An analysis of the importance and impact of education efforts regarding XR can be found in Ecorys (2022), AR/VR 
Industrial Coalition. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6231864/
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Table 12. Legal barriers 

Barrier Short description 

Ecosystem 

Aerospace 
and 

defence 

Agri-
food 

Construction 

Cultural 
and 

creative 
industries 

Digital Electronics 
Energy-
intensive 
industries 

Energy-
renewables 

Health 
Mobility-
transport-

automotive 

Proximity, 
social 

economy, and 
civil security 

Retail Textile Tourism 

Intellectual 
Property 
management 

Obstacles faced 
by individuals or 
organisations in 
protecting their IP 
rights, such as: 1) 
unclear legal 
framework; 2) 
costs of IP 
protection; 3) 
unclarity in 
identifying 
infringements 

Medium Low Medium High Low Medium Low Low Medium Medium Medium Medium Medium Medium 

Ethical issues 

Fallacies and 
uncertainties of 
the current 
regulatory 
framework in 
terms of ethical 
issues. 

Medium Low Low High Low Low Low Low High Low High Low Low Low 

Cybersecurity 

Difficulties in 
developing a 
proper security 
system against 
data breaches and 
other threats 

High Low Low Low Medium Medium Medium Low High High High Low Low Low 

Privacy and 
identity 
protection 

Difficulties in 
properly protecting 
sensitive 
(personal) data 
belonging to users 
and collected by 
XR technologies 

Medium Low Low Medium Medium Medium Medium Medium Medium Medium Medium Medium Medium Medium 

Source: Authors’ own elaboration – qualitative assessment based on findings emerging from ecosystems analyses.
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Protection of IP rights is a crucial aspect, especially for creative professionals (see box 
below), which is still largely unaddressed.124 The main issues in this context regard two 
aspects: 1) unclear legal framework, which leads to difficulties in identifying the IP 
rightholders, as well as enforcing the existing regulation and detecting cases of 
infringement; 2) costs and resources necessary to businesses and professionals to properly 
understand and set up IP right protection management systems. 

IP rights protection in the cultural and creative ecosystem 

Protection of IP rights is a particularly relevant element in the cultural and creative ecosystem for 
at least two reasons. On the one hand, in this ecosystem, many freelancers and independent 
professionals develop and monetise their content on the internet. It is, therefore, particularly difficult 
to control the unauthorised use and distribution of XR content, especially due to the ease of digital 
reproduction. Moreover, the often-unfair power balance existing between content creators and non-
EU platforms distributing the content is a cause for unfair practices in terms of payment, content 
censorship, and IP rights management. On the other hand, the nature of the content produced 
(which may be video games, XR experiences, or pieces of art) often complicates establishing the 
clear ownership and control of a certain IP. This is caused by the number of stakeholders involved 
and the uncertainties left by many regulatory frameworks in the EU and at a global level, which do 
not properly define artistic content.125 The fact that XR technologies are still in development 
exacerbates the problem, as standardised frameworks applying to all forms of XR content do not 
exist. Moreover, traditional copyright laws usually do not fully apply to XR content, due to its 
experimental nature. 

Source: stakeholder consultations with sector experts. 

Fallacies in the regulatory framework are also associated with various ethical 
implications of XR technologies.126 Various dimensions fall under these ethical implications, 
including for instance health and safety risks linked to physical injuries or excessive use of 
XR content, psychological effects, and cases of discrimination, abuse, or toxic behaviour, 
while using XR content. All these elements are still largely unexplored, due to their 
complexity and novelty.127 Policy interventions, in this sense, should take into account 
principles, such as transparency, fairness, accountability, and respect for human rights, and 
establish clear behavioural guidelines, to ensure XR technologies remain accessible and 
safe. 

Security also relates to the protection of user’s data generated from or collected through 
the use of XR against cyber-attacks and hacking.128 This issue is especially important in 
ecosystems often operating with sensitive or confidential data (such as aerospace and 
defence or healthcare ecosystems). While this challenge has many technological 
components, it has a strong legal connotation, due to the links to XR’s peculiar IP protection 
system (as mentioned in the textbox above), the unclear liability arising in case of data 
security breaches and the need to comply with existing regulation to ensure data protection 
is guaranteed. 

Cybersecurity and sensitive data protection for aerospace and defence  

The adoption of XR technologies in the aerospace and defence sector presents distinct challenges, 
primarily due to the critical nature of the information being handled. As these industries deal with 
national security concerns and highly sensitive data, stringent cybersecurity, and data protection 
standards are indispensable for the successful integration of XR solutions. Furthermore, ensuring 
the capability to operate XR applications in offline and wired environments, while preserving robust 

 
124 Kikkis, I. (2022), Raising awareness on Intellctual Property for Creative Industries in the digital environment, available 

here. 
125 For instance, see Haper, A. (2021), IP issues for artists and authors – the often-blurry line between copying and 

inspiration, available here. 
126 As emerged from stakeholder consultations. See also Vinders, J., Howkins, B. (2023). Enhancing EU legal frameworks 

for Digital Extended Reality, available here. 
127 Kenwright, B., (2018), Virtual Reality: Ethical Challenges and Dangers [Opinion] in IEEE Technology and Society 

Magazine, vol. 37, no. 4, pp. 20-25, Dec. 2018, doi: 10.1109/MTS.2018.2876104. 
128 For an overview, see Qamar, S., Anwar, Z., Afzal, M. (2023), A systematic threat analysis and defense strategies for the 

metaverse and extended reality systems, Computers & Security, Volume 128, 
https://doi.org/10.1016/j.cose.2023.103127. 

https://www.wipo.int/edocs/mdocs/mdocs/en/wipo_ip_san_22/wipo_ip_san_22_www_615992.pdf
https://www.walkermorris.co.uk/in-brief/ip-issues-for-artists-and-authors-the-often-blurry-line-between-copying-and-inspiration/
https://www.techethos.eu/wp-content/uploads/2023/03/TECHETHOS-POLICY-BRIEF_Digital-Extended-Reality_for-web.pdf
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security measures, is of paramount importance, as current wireless technology can easily be 
detected and hacked.  

Source: stakeholder consultations with sector experts. 

A similar element regards the collection and use of personal and sensitive data belonging 
to users of XR technologies.129 The range of data that can be collected by advanced XR 
technologies is vast and include biometrics, eye movements, gesture and posture, and 
reaction times to stimuli. A strong regulatory framework should be established to avoid 
misuse of these data, which can have medical or health-related implications. 

2.5. XR-related opportunities for the EU industrial 
competitiveness 

XR technologies offer a wide array of opportunities identified in this study to improve 
industrial competitiveness through various channels. Some of those include increased 
productivity (i.e., through remote collaboration), lower costs (i.e., reduction in the number of 
physical prototypes), higher precision (i.e., through AR-assisted operations in 
manufacturing), increased efficiency and effectiveness (i.e., in training under several 
industrial ecosystems, notably healthcare and Industrial ecosystems entailing 
manufacturing processes), enhanced environmental sustainability (i.e., through virtual 
prototypes and digital twins), enhanced collaboration and interactions (i.e., interdisciplinary 
collaboration focusing on virtual objects, virtual conferences), innovative sales and 
marketing options (i.e., virtual commerce, and marketing).  

There is uncertainty on the future of XR technologies and the potential uptake of virtual 
worlds. The use of XR and virtual worlds could be optimised in combination with other 
emerging technological areas, such as artificial intelligence, blockchain, edge computing, 
and even brain-computer interfaces. This section focuses on the opportunity areas based 
on the existing technological development stage as reflected by existing applications and 
use cases of XR in different industrial ecosystems. 

Based on the conducted research (i.e. interviews, Delphi survey, analysis of desk research 
findings), we identify the main types of innovation currently occurring in each industrial 
ecosystem. Those are categorised as sustaining innovation (an improvement on a 
product or service that aims to sustain the market position), radical innovation (a 
technological breakthrough that completely transforms an industry and creates a completely 
new market), incremental innovation (gradual and continuous improvements in products 
and services), and disruptive innovation (a technological breakthrough that disrupts the 
existing market). This categorisation is performed after answering two main questions for 
the most dominant set of application areas under the industrial ecosystem in question. 
Those questions are whether the innovation creates a new market, and whether a new 
technology is used.  

It is important to note that the categorisation below does not focus on the type of innovation 
an XR process entails (e.g., whether XR completely disrupts a manufacturing process), but 
it is rather based on the end product or service the industrial ecosystem in question 
produces/offers.  

 
129 McGill, M. (2021), Extended Reality (XR) and the erosion of anonymity and privacy, available here. 

https://standards.ieee.org/wp-content/uploads/import/governance/iccom/extended-reality-anonymity-privacy.pdf
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Figure 20. Types of XR enabled innovation in various industrial ecosystems 

 

Source: authors’ own elaboration based on different innovation taxonomies130 - qualitative assessment based 

on findings emerging from ecosystems analyses. 

The figure above illustrates the types of innovation enabled by XR in the industrial 
ecosystems. Our research has identified that innovation occurs in all industrial ecosystems, 
where XR technologies are deployed. A few ecosystems, typically those with low levels of 
digitalisation or have relatively low adoption of advanced technologies131 (with the exception 
of tourism), experience incremental innovation.132 XR solutions in those sectors tend to 
be implemented for marketing or professional training, leading to steady and gradual 
improvements in the ways products and services are developed and distributed. Use cases 
with higher potential market impact are tested in some cases, however, there is no sufficient 
evidence either on their high market adoption, nor their level of technological deployment. 
For instance, in the case of tourism, VR is frequently used for marketing purposes, and AR 
often enhances tourist visits to sites, museums, etc. enhancing the visitors’ experience. 
However, more disruptive use cases, such as fully immersive VR tourism from one’s couch, 
are not deployed to a large extent.  

Sustaining innovation133, similar to incremental, does not fully revolutionise the end 
product, but it does significantly contribute to the innovative process for the end product or 
service. A differentiating factor of the industrial ecosystems that are categorised here is that 
many of those sectors, already prior to the deployment of XR technologies were frequently 

 
130 Kylliainen (2019), “Types of Innovation – The Ultimate Guide with Definitions and Examples”, available here. 

Dieffenbacher (2023), “Types of Innovation: How the 4 Innovation Types Can Help your Business”, available here. 
131 Advanced Technologies for Industry (ATI), available here 
132 For full definition, see: Kylliainen (2019), “Types of Innovation – The Ultimate Guide with Definitions and Examples”, 

available here. Dieffenbacher (2023), “Types of Innovation: How the 4 Innovation Types Can Help your Business”, 
available here. 

133 For full definition, see: Kylliainen (2019), “Types of Innovation – The Ultimate Guide with Definitions and Examples”, 
available here. Dieffenbacher (2023), “Types of Innovation: How the 4 Innovation Types Can Help your Business”, 
available here. 

https://www.viima.com/blog/types-of-innovation
https://digitalleadership.com/blog/types-of-innovation/
https://ati.ec.europa.eu/data-dashboard/overview?filter%5Bgeo%5D=EU27
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using virtual 3D designs in their development process, and in some cases digital twins in 
their processes. This starting point is leveraged through the deployment of XR technologies, 
which are applied not only in marketing and training, but to a very large extent also in the 
actual conceptualisation, design, product development, and maintenance processes. This 
in many cases has led to significant product improvements with a large market impact. For 
instance, collaboration amongst professionals from different disciplines in the aerospace 
sector, for components that require high precision, has led to faster and more effective 
product development and troubleshooting.  

The cultural & creative industrial ecosystem is classified as contributing to radical 
innovation.134 The cultural and creative ecosystem, with gaming and entertainment 
applications on the forefront, is bringing completely reinvented immersive experiences to 
consumers. These experiences have been primary drivers of XR technology adoption in 
particular in the B2C markets, blurring the line between real and virtual worlds. Even though 
cultural and creative applications experience high market penetration, these currently to a 
large extent address an existing market demand, i.e., video games and movies becoming 
more immersive and interactive. This is the reason that the impact on the market is less 
significant, compared to digital and electronics industrial ecosystems.  

Digital and electronics industrial ecosystems are responsible for the development of XR 
hardware and software. Within the electronics ecosystem, the development of XR 
hardware, such as headsets, has created a completely new product, that is in some cases 
replacing and in others complementing existing hardware. The disruptive innovation135 
arises from the combination of bringing a new technology (XR) into the ecosystem, and 
creating a new market segment for immersive experiences for personal and professional 
use. Also, in the case of the digital ecosystem, it provides the capabilities (i.e., software and 
tools) to create content for each of the other industrial ecosystems. New market trends are 
appearing within digital, such as platforms focusing either on the development of virtual 
content, or in the distribution of those to the end user.  

This section is focusing on opportunities arising from the XR industry. While there is an 
innovative potential of the deployment of XR in all industrial sectors based on the innovation 
classification conducted above, it is noted that the technological novelty and impact to the 
market may vary. Taking into account the impact of XR on the market, as well as in terms 
of industrial competitiveness, and other parameters, such as positive societal outcomes this 
section identifies two types of industrial ecosystems, or specific segments of those that are 
considered as of high potential. These include ecosystems that are showing already 
relatively high uptake of XR technologies, in several segments of their value chains, from 
conceptualisation and development, to production and marketing, such as:  

• Healthcare 

• Construction 

• Aerospace and Defence 

• Automotive 

In addition to the above, the following ecosystems based on the same parameters are also 
distinct in terms of their innovative and market potential:  

• Digital 

• Electronics 

• Cultural and creative industries 

 
134 Idem 
135 Idem 
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In this case, one of the factors of the ecosystems’ high potential is their B2C market. The 
target audience is not limited to a specific type of professional or sector, but products and 
services can reach the mass market. This entails tremendous opportunities, in terms of 
market adoption and shaping the future of the ways people socialise, entertain themselves, 
and conduct business (across business disciplines). In addition, grasping the opportunities 
within this ecosystem not only improves the EU’s industrial competitiveness, but has an 
impact on the extent to which XR is deployed in line with the EU Declaration on Digital 
Principles and Rights.136Leveraging on the potential of digital, electronics and CCI 
ecosystems and ensuring the optimal development and deployment of XR within those, 
significant work is required for lifting the barriers they are facing and to address their needs. 
These elements are described more in depth in the previous sections 2.3 and 2.4. A 
quintessential factor for maximising the contribution to EU’s industrial competitiveness is 
the availability and volume of high-risk financing. 

  

 
136 See: https://digital-strategy.ec.europa.eu/en/policies/digital-principles  

https://digital-strategy.ec.europa.eu/en/policies/digital-principles
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3. XR- and virtual worlds-related public initiatives in EU 
and HEAC 

At the strategic level, the European Commission does not identify XR as a separate 
technology field (there is no separate strategy for advancing XR). However, the Commission 
highlights the importance of XR via its close connection to the development of other 
innovative technologies, including the application of artificial intelligence. For example, 
cutting-edge technologies such as XR are seen as having a crucial role in fostering the 
digital transformation of businesses and the digitalisation of public services, thus 
contributing to targets of the 2030 Digital Compass: The European way for the Digital 
Decade.137 

Moreover, the Commission has also expressed its readiness to support the development of 
virtual worlds, laying the groundwork to structure the ecosystem. An example is the Virtual 
and Augmented Reality Industrial Coalition138, first announced in 2020 in the Commission’s 
Media and Audiovisual Action Plan139, which brings together stakeholders from the key 
virtual worlds’ technologies, and outlines a roadmap endorsed by over 40 EU organisations. 
Furthermore, in July 2023 the Commission laid out the foundations for a new European 
initiative on Web 4.0 and Virtual Worlds, which aims to achieve Digital Decade policy 
objectives through a controlled transition to web 4.0 and virtual worlds applications.140 This 
initiative aims to support the development of virtual worlds, such as metaverses, which will, 
in turn, provide a myriad of possibilities within the industries and service sectors, the creative 
arts, and for citizens, as well as opportunities to address broader social challenges, such 
as health and smart cities. 

Currently, at the European level, XR is supported through the Horizon Europe 
programme,141 activities of the European Institute of Innovation and Technology (EIT), and 
its Knowledge and Innovation Communities (KICs), in particular, the EIT Digital,142 through 
initiatives dedicated to encouraging collaboration in the European XR sector (VR/AR 
industry coalition, VR Media Lab), and the Creative Europe MEDIA programme, which 
supports immersive content development and creators.  

To date, there has not been EU-level research to map initiatives fostering the deployment 
and uptake of XR technologies at the national level. One of the aims of this study is to close 
this gap by developing an inventory of public initiatives (i.e. policy measures, actions and 
plans, as well as their corresponding supporting instruments) aiming to foster the 
deployment and uptake of XR technologies in the EU, countries associated with Horizon 
Europe and third countries across all six continents. 

The following sections present an overview of public initiatives in EU Member States and 
Horizon Europe associated countries (hereinafter abbreviated to HEAC). The initiatives are 
compared across three dimensions: 

• Geographic distribution of initiatives (presence/absence of XR initiatives in certain 
countries/regions). 

 
137 European Commission communication of 9 March 2021 “2030 Digital Compass: the European way for the Digital 

Decade” https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX%3A52021DC0118  
138 See: https://digital-strategy.ec.europa.eu/en/policies/virtual-and-augmented-reality-coalition  
139 See: https://digital-strategy.ec.europa.eu/en/policies/media-and-audiovisual-action-plan  
140 European Commission, 2023. Communication from the Commission to the European Parliament, the Council, the 

European Economic and Social Committee and the Committee of the Regions: ‘An EU initiative on Web 4.0 and virtual 
worlds: a head start in the next technological transition’. https://digital-strategy.ec.europa.eu/en/library/eu-initiative-
virtual-worlds-head-start-next-technological-transition  

141 Future research and innovation of XR technologies is addressed in: (1) the need for new research infrastructures as set 
forth in Pillar 1; (2) key XR technologies across all six clusters described in Pillar 2; (3) XR as a base for the innovation 
ecosystem as presented in Pillar 3. Most of XR technology investments will be concentrated in the Digital, Industry and 
Space cluster of Pillar 2. 

142 In their focus area of Digital Wellbeing, EIT Digital aims for safeguarding health for the youth, the working professionals 
and the elderly by analysing sensor data. 

https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX%3A52021DC0118
https://digital-strategy.ec.europa.eu/en/policies/virtual-and-augmented-reality-coalition
https://digital-strategy.ec.europa.eu/en/policies/media-and-audiovisual-action-plan
https://digital-strategy.ec.europa.eu/en/library/eu-initiative-virtual-worlds-head-start-next-technological-transition
https://digital-strategy.ec.europa.eu/en/library/eu-initiative-virtual-worlds-head-start-next-technological-transition
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• Material scope of initiatives (e.g., timeline, budget, actors involved, industries, or 
geographical areas targeted). 

• Primary area of intervention (i.e., the type of action). 

Lastly, the chapter presents an overview of eight selected flagship public initiatives across 
all six continents. 

3.1. Geographic scope of the initiatives 

The database on public initiatives compiled for this study includes 122 entries. Of those, 75 
initiatives were implemented in EU Member States, while 45 were implemented in HEAC. 
Two more initiatives included both EU Member States and HEAC. Out of the total of 122 
entries, 11 initiatives had a multi-country focus. No initiatives have been identified for 
Hungary, Romania, and Georgia during the study period. 

Figure 21. Geographical distribution of 
the sample of public initiatives in EU 
Member States 

Figure 22. Geographical distribution of 
the sample of public initiatives in HEAC 
countries 

  

Note: Western Europe comprises Belgium, France, 
Ireland, Luxembourg, the Netherlands; Central 
Europe comprises Austria, Czechia, Germany, 
Hungary, Slovakia; Eastern Europe comprises 
Bulgaria, Estonia, Latvia, Lithuania, Poland, 
Romania; Southern Europe comprises Croatia, 
Cyprus, Greece, Italy, Malta, Portugal, Slovenia, 
Spain; Northern Europe comprises Denmark, 
Finland, Sweden. Research conducted in November 
2022 – April 2023. 

Source: Visionary Analytics. 

Note: Balkans comprise Albania, Bosnia and 
Herzegovina, Kosovo, Montenegro, North 
Macedonia, Serbia; Northern Europe comprises 
Faroe Islands, Iceland, Norway; Eastern Europe 
comprises Moldova, Ukraine; Western Europe 
comprises United Kingdom; Western Asia 
comprises Armenia, Georgia, Turkey; Middle East 
comprises Israel; Northern Africa comprises Tunisia, 
Morocco. Research conducted in November 2022 – 
April 2023. 

Source: Visionary Analytics. 

 

3.2. Material scope of the initiatives 

When examining the geographic area in which the initiatives focus their actions, out of the 
122 public initiatives in the database, 28 initiatives were identified as having an area-specific 
focus (i.e., targeting their activities specifically towards a particular city or municipality area). 
Additionally, 13 initiatives were identified as having a regional focus within a given country. 
The majority of initiatives (81) were identified as lacking a strongly pronounced area-specific 
focus (beyond a general country focus).  
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For most (77) of the initiatives, it was possible to identify a specific industry focus. Given 
that this inventory is not a representative sample of public initiatives in Europe and HEAC, 
this does not reflect the true distribution of public initiatives by the industry they are targeting. 
However, it can be concluded that examples of public initiatives in tourism, education, and 
the cultural and creative industries were the easiest to identify through publicly available 
information. 

Figure 23. Distribution of initiatives by industry/sector targeted, number of 
initiatives 

 
Note: Research conducted in November 2022 – April 2023. 

Source: Visionary Analytics. 

In terms of actors involved in the implementation of the initiatives, based on the short 
descriptions available, 41 initiatives also involved some type of industry representatives 
(companies, associations, etc.), in addition to public action. Furthermore, 52 initiatives 
involved educational institutions, primarily universities. Among these, 17 initiatives engaged 
both industry and educational institutions in their implementation.  

Information regarding the anticipated funding was unavailable for most of the initiatives (95). 
However, for the initiatives with available financial information, the funding amounts varied 
greatly. Eleven initiatives reported funding below €1m, while the remaining 16 activities, for 
which financial information was available, reported funding over €1m, often surpassing that 
threshold considerably. 

At least some information about the timeline (start and/or end dates) was provided for 103 
initiatives. Among these, most initiatives (66) started no later than 2020, while the reported 
start dates for the remaining 37 initiatives ranged from 1991 to 2019. 

3.3. Initiatives by primary area of intervention 

To gain insight into the potential impact of the initiatives on the European XR industry and 
the wider EU internal market, the public initiatives in the dataset were classified according 
to the primary area of intervention (i.e. type of action of initiative). The following categories 
were derived using a bottom-up approach (through analysis of individual initiatives and 
ordering them into broader categories by type of intervention): 

• Adoption of XR/AR/VR solutions (51 initiatives). Examples include using XR 
solutions to boost tourism by making cultural heritage accessible to a broader 
audience, facilitate training (including simulators in aerospace and defence and 
various educational applications), promote cohesion in local communities (such as 
through a virtual platform collecting citizens’ ideas on local area transformation), and 
address stress, pain, and mental health-related issues. 
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• Access to XR/AR/VR infrastructure (20 initiatives). These initiatives provide 
facilities (spaces, tools, laboratories, technology, etc.) for companies, startups, 
researchers, and individuals to create products, or gain expertise and knowledge in 
the field.   

• Promotion of XR/AR/VR solutions (20 initiatives). These initiatives focus on the 
organisation of various events, such as festivals, workshops, conferences, 
hackathons, competitions, networks, webinars, and public showcases to raise 
awareness of existing XR solutions and expand the potential user base.  

• Industry intermediation services (17 initiatives). These initiatives offer a 
comprehensive set of services to the industry including knowledge transfer, 
facilitating fundraising, networking, business mentorship, training, and research. 
They often provide access to XR infrastructure and organise promotional events.  

• XR/AR/VR-related education, training, and skill development (eight initiatives).  
These initiatives concentrate on incorporating XR-related content into ICT 
educational curricula or providing training themselves, to ensure the development 
of necessary skills.  

• Research and roadmaps (six initiatives). These initiatives are dedicated to 
conducting applied and fundamental research in the field of XR to catalyse the 
development and deployment of XR technologies. 

While none of these public initiatives appear to be ground-breaking or to have a significant 
impact on the European XR industry as a whole, they can serve as inspiration for addressing 
key barriers identified in Section 2.4. For instance, initiatives providing access to 
infrastructure are tackling one of the most important business barriers – technology costs143. 
Similarly, initiatives promoting XR solutions can help overcome societal barriers, such as 
lack of awareness or user resistance to transitioning from traditional solutions to XR-based 
solutions144. Industry intermediation services often have an element of funding (either 
providing funding or facilitating the search for capital), and business mentorship, tackling 
financial barriers to the adoption of XR solutions and various business barriers (how to 
manage costs, user base, market fragmentation, adopt effective business models, etc.), 
respectively145. Finally, initiatives integrating XR-related content into education curricula or 
providing XR-related training help to raise talent with the technical expertise necessary for 
the installation and operation of XR technologies146. 

The case studies in the following section of this report and Annex 6 provide a more in-depth 
perspective on how such public initiatives can help businesses, and individuals break 
barriers and seize opportunities provided by XR and virtual world technologies. The case 
studies focus on initiatives from various continents and are designed to source insight from 
outside of EU countries, with the aim to determine whether such initiatives can serve as a 
good example for addressing challenges that the XR ecosystem is facing in the EU. 

 
143 For example, in the education sector, the costs of XR infrastructure are one of the key inhibitors of widespread XR 

uptake. See Meccawy, M.(2022), ‘Creating an Immersive XR Learning Experience: A Roadmap for 
Educators’. Electronics 11, p.3547. https://doi.org/10.3390/electronics11213547 

144 A study conducted at the University of Newcastle (Australia) showed that students and staff who had used XR 
technologies in teaching were more supportive of potential XR investments in their institution. Full reference: Kluge, M. 
G., Maltby, S., Keynes, A., Nalivaiko, E., Evans, D. J. R., & Walker, F. R. (2022). Current State and General Perceptions 
of the Use of Extended Reality (XR) Technology at the University of Newcastle: Interviews and Surveys From Staff and 
Students. SAGE Open, 12(2). https://doi.org/10.1177/21582440221093348  

145 Some examples of industry intermediation services can be found in the database of public XR initiatives compiled as part 
of this study, as well as in the case studies outlined in Annex 6 (case studies #1, #3, #5, #6, #7 are relevant to this 
point). 

146 See Straub, E. T. (2009). ‘Understanding Technology Adoption: Theory and Future Directions for Informal Learning’. 
Review of Educational Research, 79(2), 625–649. https://doi.org/10.3102/0034654308325896 and Reeves, T.C., Lin, 
L.(2020), ‘The research we have is not the research we need’. Education Tech Research Dev 68, pp. 1991–2001. 
https://doi.org/10.1007/s11423-020-09811-3 

https://doi.org/10.1177/21582440221093348
https://doi.org/10.3102/0034654308325896
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3.4. Deep dive: public initiatives from six continents  

This section presents an overview of case studies of the eight selected public initiatives. 
The selection of these eight public initiatives was based on specific criteria from a total of 
48 initiatives (see Annex 1 for more information). See Table 13 for an overview of the 
initiatives selected for case studies.  

Table 13. An overview of the selected case studies and criteria used for selection 

# Continent Country Title of the public 
initiative 

Rationale for selection for case studies 

 
1 

Europe United 
Kingdom 

Digital Catapult Continent: Europe 
Quality of output: Expected impact - support for 
businesses in transforming their ideas into valuable 
products and services 
Budget: £1.2 billion (overall Catapults funding) 
Availability of information: Some information publicly 
available (dedicated website) 
Example for European initiatives: An example of 
fostering digital transformation of businesses (one of the 
pillars of the Digital Compass) 

 
2 

Asia South 
Korea 

Seoul Metaverse  Continent: Asia 
Quality of output: Unknown 
Budget: 40.5 billion won (approx. €27.879.500,00) - 
estimate  
Availability of information:  Initiative has gained a lot of 
traction and there is a lot of information available about it. 
Example for European initiatives: Example of 
digitalisation of public services (one of the pillars of the 
Digital Compass) 

3 North 
America 

US RLab Continent: North America 
Quality of output: Unknown 
Budget: $5.6 million  
Availability of information: Some information publicly 
available (one website dedicated to initiative and 6 
additional articles) 
Example for European initiatives: Example of an 
initiative in the area of digital transformation of 
businesses (one of the pillars of the Digital Compass) 

 
4 

Asia UAE Metaverse 
customer 
happiness 
service centre 
(Metahealth) 

Continent: Asia 
Quality of output:  "The UAE wise leadership is keen to 
keep pace with and explore future changes and 
transformations to actively contribute to shaping and 
making them, as an important priority and a key pillar of 
future government services," said HE Abdul Rahman bin 
Muhammad Al Owais, Minister of Health and Prevention. 
"The UAE has been a pioneer in accelerating innovation 
in all vital sectors, including health, while the ministry of 
health was one of the leading and active authorities in the 
Fourth Industrial Revolution technologies, which focus on 
artificial intelligence, blockchain, virtual and augmented 
reality." 
Budget: Unknown fraction of AED 53.7m (approx. 
€13.6m) 
Availability of information: Initiative has gained a lot of 
traction and there is a lot of information available about it  
Example for European initiatives: Example of 
digitalisation of public services (one of the pillars of the 
Digital Compass) 

5 Australia 
and 
Oceania 

Australia Queensland XR 
hub 

Continent: Australia and Oceania 
Quality of output: Unknown 
Budget: Unknown 
Availability of information: Some information publicly 
available. 
Example for European initiatives: Activities include 
assisting local industry, corporate and government 
organisations to better understand and engage with 
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# Continent Country Title of the public 
initiative 

Rationale for selection for case studies 

Immersive Technologies through education and events 
(digital skills, digital transformation of businesses, 
corresponding to two pillars of the Digital Compass) 

6 South 
America 

Argentina 19 units of digital 
transformation 

Continent: South America 
Quality of output: unknown 
Budget: 88.045.431 ARS (approx. €352,000.00) 
Availability of information: Some information publicly 
available. 
Example for European initiatives: Example of an 
initiative in the area of digital transformation of 
businesses (one of the pillars of the Digital Compass), 
however, it seems that this initiative touches upon XR 
only through seminars (which is a small part of the 
initiative) 

 
7 

Africa South 
Africa 

Electric South Continent: Africa 
Quality of output: Unknown 
Budget: Approx. €27.500 in public funding (overall 
budget unknown) 
Availability of information: Some information publicly 
available. 
Example for European initiatives: Digital 
transformation of businesses in the arts sector 

8 South 
America 

Brasil RAEscolas Continent: South America 
Quality of output: Unknown 
Budget: Unknown 
Availability of information: Some information publicly 
available. 
Example for European initiatives: Example of an 
initiative in the area of digital skills (one of the pillars of 
the Digital Compass) 

Source: compiled by Visionary Analytics. 

The full text of the case studies is available in Annex 6 of this report. For more details on 
the methodology of the case studies see Annex 1. Below we present insights stemming 
from the cross-case analysis. 

In terms of the context of the initiatives, most of the initiatives included in the case studies 
are part of broader digital policy frameworks, most commonly frameworks for the 
digitalisation of industry or innovation in general (Argentina, Australia, UK). The Metahealth 
and Seoul Metaverse initiatives are part of frameworks for the transformation of public 
services. Interestingly, the RLab initiative was part of an overarching policy plan aimed 
specifically at generating well-paying technology jobs, showcasing an example of using an 
XR-related initiative as a vehicle to drive labour market changes. RAEscolas and Electric 
South initiatives seem to be stand-alone actions and not explicitly part of any broader policy 
frameworks. 

The actions and outputs of the analysed initiatives fall broadly into three categories: 

• Creation of the metaverse to facilitate the provision of public services to citizens 
(Metahealth and Seoul Metaverse). 

• Comprehensive programmes/institutions providing physical facilities, access to 
know-how, resources, and technology, often operating in a defined region/locality 
(RLab in New York, activities of Digital Catapult in different regions of the UK, 
Queensland XR Hub), or focusing on a particular sector (Electric South focusing on 
the film industry). 
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• Creation of XR-based solutions and applications (RAEscolas with the creation of 
educational artefacts, and the 19 units of digital transformation in Argentina with the 
foreseen repository for digital solutions and tools for enterprises). 

Alongside the public institutions responsible for the initiative, other actors were also 
involved in the implementation and operation of the initiative, namely various industry actors 
and private companies, universities, chambers of commerce, associations, foundations, 
and non-profits.  

Most of the initiatives studied under the case studies were launched, announced, or started 
operations in 2022, whereas the Digital Catapult, Electric South, and RLab started 
operations in 2013, 2015, and 2019, respectively. The Queensland XR Hub is operational, 
as of 2020. 

Information about the funding of the initiatives was scarce in most cases, often referring to 
broader envelopes of funding (which include the initiative in the focus of the case study). 
However, the initiatives amassed significant amounts of funding, in most cases counting in 
millions of USD.  

Overall, the case studies offered insight into possible ways of addressing key barriers to 
the adoption of XR in Europe. In terms of technological barriers: 

• The Metahealth initiative tackled the issue of lack and inadequateness of existing 
software for XR applications, by commissioning the development of an ad-hoc 
software solution. 

• The facilities provided by RLab and Digital Catapult make technology that is often 
expensive (such as visors or simulators) available to smaller businesses, mitigating 
the risk connected to investment in hardware. 

In terms of business barriers: 

• Digital Catapult serves as an industry intermediary, helping large businesses identify 
opportunities to monetise XR solutions by focusing on the importance of change 
management and piloting of solutions, especially when ambitious plans for the 
adoption of XR are introduced. 

• RAEscolas and Metahealth are providing easy access to their products (via an app 
or web browser), without the need for users to have specialized hardware, cutting 
costs for consumers. 

• The Argentinian initiative of the 19 units of digital transformation exemplifies how to 
‘start small’, and exploit the spaces and expertise already available in other 
institutions without the need to build laboratories and facilities to enable knowledge 
transfer.  

• Seoul Metaverse is an example of how access to services in a virtual environment 
can eventually help industries widen their audience by generating more demand for 
virtual solutions. 

In terms of financial barriers: 

• Member-based XR Hubs, such as the Queensland XR Hub, combine funding and 
mentorship, including improvement and/or establishment of strong business plans, 
with the aim to attract investments for XR industries. An example of success is the 
sizeable investment made by Boeing in a Queensland XR startup, facilitated through 
the operations of the Queensland XR Hub. 
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• Similarly, initiatives, such as RLab’s partnership with CUNY’s Macaulay Honors 
College provide improved access to resources for the study and development of 
innovative XR solutions.  

In terms of societal barriers: 

• The two metaverse initiatives from the UAE and South Korea are tied to the provision 
of highly important public services. These platforms aim to significantly improve the 
quality of life for the public and are easy to use. Part of their success will be assessed 
by their effective capacity to boost public confidence in, and attitudes towards, virtual 
technologies. Moreover, these platforms aim for a very wide user base. If successful, 
they will be in a position to help address the challenge of a small user base for XR 
technologies. 

• The community engagement component (events, workshops, etc.) of initiatives, 
such as RLab and Electric South, is designed to help boost user awareness of XR 
technologies and increase their confidence in them. 

The case studies also provide some inspiration for how such public initiatives could 
contribute to fostering the adoption of XR in the key industrial ecosystems in Europe. The 
list below is not aimed to be exhaustive, but is rather aimed at showcasing some of the 
possibilities on how to address some of the barriers specific to the industrial ecosystems: 

• Aerospace and defence, digital, and electronics ecosystems could benefit from a 
comprehensive programme (combining funding, mentorship, and physical facilities, 
as exemplified by the RLab, Digital Catapult, and Queensland XR Hub), to foster a 
more integrated European XR market to tackle the outside competition that today 
weakens the EU XR market in these ecosystems147. Access to funding related to 
content development is a particularly salient barrier for the cultural and creative 
industries, and proximity, social economy, and civil security ecosystems148. 

• Agri-food ecosystem could benefit from mentorship opportunities (as exemplified by 
the RLab, Digital Catapult and Queensland XR Hub), to identify more effective 
business models for XR applications149. 

• Construction and energy-intensive industries ecosystems have been identified as 
ones that are adopting XR as a productivity solution relatively sparingly, however, 
there are already clear XR use cases showcasing increased productivity and 
efficiency150. Events and workshops, like those organised by the 19 units of digital 
transformation in Argentina, could be examples of how to promote XR technologies. 

• The work of Digital Catapult and Electric South provides inspiration on pooling 
resources, providing funding, harnessing talent, and providing other intermediation 
services to the entire cultural and creative industries ecosystem151. 

• The Metahealth initiative is a great example of how to capitalize on key opportunities 
provided by virtualisation technologies (in particular, increasing the sustainability of 

 
147 See Table 9. 
148 See Table 10. 
149 See Section 0 of this report. 
150 Rokooei, S., Javan, B., & Nazari, A. (2022). Explore Challenges and Benefits of Virtual Reality in Construction Projects. 

Proceedings of the Creative Construction E-Conference 2022. https://doi.org/10.3311/ccc2022-037 
Knoke, B., Quandt, M., Freitag, M., & Thoben, K. (2021). Virtual Reality Training Applications in Industry - Towards a 
User-friendly Application Design. Goto Verlag EBooks, 59–80. https://doi.org/10.30844/wgab_2021_4  

151 Please see case studies #1 and #7 outlined in Annex 6. 

https://doi.org/10.3311/ccc2022-037
https://doi.org/10.30844/wgab_2021_4
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the ecosystem, by reducing travel and physical lines at healthcare centres) 152 for 
the health ecosystem. 

• Strong community engagement through designated collaborative projects (such as 
the RLab) could foster increased public awareness of (and confidence in) XR, which 
would help ecosystems that perceive this to be a big barrier to XR adoption, namely 
agri-food, energy-intensive industries, energy renewables, retail, textile and fashion, 
and tourism153. 

• Retail154 and tourism155 ecosystems stand to gain a lot from various virtual worlds 
initiatives, as they would be able to create ad-hoc products to use in the virtual 
worlds, such as virtual outfits and virtual tours.  

  

 
152 Interviews with SyncVR, Sint Maartens, EIT Health; European Commission, Directorate-General for Communications 

Networks, Content and Technology, Visionary Analytics, IDEA Consult, Boel, C., Dekeyser, K., Depaepe, F., et al., 
Extended reality: opportunities, success stories and challenges (health, education): final report, Publications Office of 
the European Union, 2023. Available here. 

153 See Table 11. 
154 Hassouneh D. and Brengman, M. (2015), ‘Retailing in social virtual worlds: Developing a typology of virtual store 

atmospherics’. Journal of Electronic Commerce Research 16(3), pp.218-241.  
155 Trunfio, M., Della Lucia, M., Campana, S., & Magnelli, A. (2021). ‘Innovating the cultural heritage museum service model 

through virtual reality and augmented reality: the effects on the overall visitor experience and satisfaction’. Journal of 
Heritage Tourism, 17(1), 1–19. https://doi.org/10.1080/1743873x.2020.1850742 

https://data.europa.eu/doi/10.2759/121671
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4. Emerging technologies and their potential impact on 
XR and virtual worlds 

Emerging technologies have always been instrumental in XR development, with a 
significant influence on the user experience. In addition, XR technologies plays an important 
role in enabling technology for virtual worlds.156 The following section presents relevant 
emerging technologies and their potential for both XR and virtual worlds.  

Emerging technologies are innovations that are thought to have the potential to significantly 
impact industry and society. Based on desk research, consultations with experts from 
different technological areas, and Delphi survey findings, the following emerging 
technologies were identified as relevant to the field of XR: novel photonic technologies for 
display, optics and sensing (including haptic solutions), connectivity (5G and 6G, and Wi-Fi 
6/7), edge computing (edge-offloading), cloud computing (AR/VR cloud, hybrid cloud), 
advanced semiconductor chips (devices, efficiencies, and capabilities), graphene and 
metamaterials, blockchain, and artificial intelligence (AI). The potential of each of the 
emerging technologies on XR and virtual worlds is presented below, including a discussion 
on how they can help overcome the current challenges of XR adoption157. 

The technologies are also interrelated. Software solutions are limited by hardware, and 
there remains room for developing software to better utilise hardware capabilities. Desk 
research and respondent feedback supports the finding that for successful and efficient 
development and uptake of XR, interoperability of these technologies is essential, and it is 
necessary to invest in cross-platform connections to facilitate unlocking the full potential of 
emerging technologies. To briefly illustrate, emerging technologies, such as edge and cloud 
computing, will rely on robust connectivity (5G and 6G, and Wi-Fi 6/7), and connectivity can 
also be facilitated by metamaterials; metamaterials are set to overtake traditional materials 
in advanced semiconductors;158 advanced semiconductor chips can also improve wearable 
devices, displays, and optics, areas which will benefit greatly from advances in metamaterial 
technology, and which also rely on efficient connectivity and cloud processing solutions; 
blockchain too complements these technologies by offering security and privacy solutions 
and has the potential to be integrated with cloud and edge computing.  

4.1. Novel photonic technologies for displays 

4.1.1. Potential on XR and virtual worlds 

Headsets used in XR rely on novel photonic technologies for high-quality image display. 
Graphical display systems, which display information, images, or data to a user, aim to 
address human visual depth cues with the best possible resolution, colour accuracy, and 
brightness, with minimum weight and at the lowest possible costs.159 Quality image 
generation and display create the optimum XR immersive experience. The virtual worlds 
concept also implies seamless 3D workspaces, and these require high-quality, realistic, 
ergonomic VR and AR experiences. The vision of seamlessness means that users may 
switch to any other VR or AR device according to their actual needs, but retain access to 
the same 3D data. Novel photonic technologies could change the way virtual reality 
is experienced, and experts in the Delphi survey indicated its importance for XR, with half 
of experts objecting (50% or eight out of 16) to the idea that novel photonic technologies 

 
156 Lik-Hang Lee et al., All One Needs to Know about Metaverse: A Complete Survey on Technological Singularity, Virtual 

Ecosystem, and Research Agenda, 2021, https://doi.org/10.13140/RG.2.2.11200.05124/8. 
157 These descriptions were prepared by the project team experts with knowledge about each of the technology, and relies 

on their expertise, if no specific reference is provided. 
158 Hedges, P., 2022. The industrialization of graphene. Mark Allen Group. Available at: 

https://www.newelectronics.co.uk/content/features/the-industrialisation-of-graphene/. 
159 Kemeny, A., Chardonnet, J. R., & Colombet, F. 2020. Getting rid of cybersickness. Virtual Reality, Augmented Reality, 

and Simulators. Springer Cham. https://doi.org/10.1007/978-3-030-59342-1. 

https://www.newelectronics.co.uk/content/features/the-industrialisation-of-graphene/
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are less important for the development of the application of XR (including virtual worlds) 
than other emerging technology fields. However, some experts in the Delphi survey 
expressed concern about the speed of technology development. 

VR headsets are usually based on LCD and on OLED technology. The vast majority of 
recently released VR headsets (vrgineers XTAL,160 Meta Quest Pro,161 Pico 4,162 HTC XR 
Elite163) use LCD instead of OLED or AMOLED displays within their VR headsets. The latest 
see-through AR smart glasses work on a LASER MEMS basis (Apple) or on OLED on 
Silicon-Panele (OLEDoS) with an very high resolution (3,500PPI).164 165 OLEDoS will be 
particularly relevant for micro-displays for AR and VR devices, and, instead of using glass 
as a substrate, which is more traditional, they use silicon.166 According to sources167, 
Samsung Display is also working on LEDoS displays, which should offer a lower entry 
hurdle than OLEDoS, but has very high display resolutions (6,600 PPI). 

4.1.2. Overcoming current challenges of XR adoption 

One challenge related to use of headsets can be cybersickness. Displays or projections 
are usually designed as single-user VR system because the correct perspective view is 
calculated on the basis of one head-tracked person. Due to this, in many huge VR 
installations head tracking is switched off to avoid cybersickness to the non-tracked 
persons, but this can limit the immersiveness of the experience. The countermeasure to this 
is to provide not only one perspective (left eye view and right eye view for one observer), 
but to provide individual perspective views to all observers and to head-track all observers. 
The image separation between the users and between their left eyes and right eyes can be 
done by stereo separation mechanisms. However, only a few manufacturers have brought 
products on the market that utilise these mechanisms.168 In addition, advancing photonic 
technologies for display can contribute to the challenges of providing correct 
perspectives in XR, while avoiding the common problem of cybersickness, which can limit 
the update of XR applications.  

4.2. Optics and sensing (including haptic solutions) 

4.2.1. Potential on XR and virtual worlds 

Although during the first round of the Delphi survey some experts suggested that optics and 
sensing are less important for the development of XR applications than other emerging 
technology fields, during the second round of the Delphi survey, 75% (12 out of 16) of 
respondents disagreed or strongly disagreed with this finding. Innovations in optics (such 
as lens technologies) are integral to the advancement of functional and lightweight 
devices, which allow for a fully immersive visual experience, as echoed by many of Delphi 
survey respondent comments.  

 
160 See: https://vrgineers.com/xtal-3-mixed-reality/; https://vrgineers.com/xtal-3-virtual-reality/; https://vrgineers.com/xtal/ 
161 See: https://forwork.meta.com/gb/quest/quest-pro 
162 See: https://www.picoxr.com/uk/products/pico4 
163 See: https://www.vive.com/uk/product/vive-xr-elite/overview/ 
164 Davis, G. 2022. Apple Glasses to Have Enhanced OLED Microdisplay Density; Is 3500 PPI Really Possible? Tech 

Times. Available at: https://www.techtimes.com/articles/281256/20220930/apple-glasses-enhanced-oled-microdisplay-
density-3500-ppi-really-possible.htm. 

165 See: Kress, B. C., & Pace, M. 2022. Holographic optics in planar optical systems for next generation small form factor 
mixed reality headsets. Light: Advanced Manufacturing 3, 55. doi: 10.37188/lam.2022.042 

166 Yoon, Y. 2022. OLEDoS: Technological Breakthrough for AR/VR Devices. Counterpoint. Available at: 
https://www.counterpointresearch.com/insights/oledos-technological-breakthrough-xr-devices/  

167 Lee, G. 2022. Apple request development of 3500ppi OLEDoS to Samsung and LG. TheElec. Available at:  
https://www.thelec.net/news/articleView.html?idxno=4220. 

168 Available products include: BARCO’s “Dual Eye Point” feature which allows to display two independent 3D stereo images 
on the same screen with one high frame-rate projector (https://www.barco.com/de/product/dual-eye-point); Digital 
Projection’s “NSIGHT 4K HFR 360” allows for three individual views (https://www.digitalprojection.com/en/digital-
projection-insight-4k-hfr-360-brings-multiview-3d-to-the-industry-in-4k/); The start-up xCave Technology now offers a 
dual perspective VR powerwall or CAVE solution based on LED panel tiles (: https://www.xcave-technology.de/System). 

https://vrgineers.com/xtal-3-mixed-reality/
https://vrgineers.com/xtal-3-virtual-reality/
https://forwork.meta.com/gb/quest/quest-pro
https://www.picoxr.com/uk/products/pico4
https://www.vive.com/uk/product/vive-xr-elite/overview/
https://www.techtimes.com/articles/281256/20220930/apple-glasses-enhanced-oled-microdisplay-density-3500-ppi-really-possible.htm
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https://www.thelec.net/news/articleView.html?idxno=4220
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Advances in optics and sensing may enable more robust hardware with better field-of-
view and multimodal stimulation of senses for more engaging XR experiences. For 
example, first trials have been undertaken using contact lenses as smart glasses; start-up 
company “Mojo Vision” showed the first prototypes of its smart contact lens, which included 
an Amazon Alexa integration for shopping.169 Moreover, lens optics technologies have 
evolved (and continue to do so), from traditional Fresnel lenses to aspheric and most 
recently, to pancake design lenses.170 The development of new optics technologies can be 
applied in XR devices to improve user experience and remove barriers to entry (such as 
cybersickness171).  

Sensing technology is vital for generating realistic virtual environments. Tracking 
technology in particular is an important component, which generates a seamless XR 
experience to effectively mimic movement and translate this into a 3D virtual environment 
(as with real-time digital twins)172. Moreover, there are a vast array of 3D data sources that 
are now used to transfer 3D content to XR, e.g., design data, BIM models, medical CT, and 
MRT data, 3D city models, and so on. Any algorithm and application that will help to 
automate the production of relevant 3D content from legacy IT systems will have an 
extremely high economic potential.  

Haptics also contribute to the experience of XR by providing users with physical feedback 
from the virtual environment, making XR experiences more seamless and functional. The 
topics of prosthesis technology, work-supporting exoskeletons, and VR haptics are 
increasingly technologically related,173 and the advancements in these technologies stand 
to benefit from each other. Therefore, big potential for innovation in optics and sensing is 
also predicted for the MedTech sector. While sensing and haptics have important potential 
applications, almost all of the experts in the second round of the Delphi survey strongly 
agreed or agreed (94% or 15 out of 16) that the use of suits, gloves, and scents to 
complement the experiences needs improvement and more accessible costs.  

The combination of optics and sensing technologies (including haptic solutions) can 
enable fast and responsive devices, lightweight devices, excellent quality images, 
and realistic haptic output. These contribute to creating devices, which are responsive to 
the environment, making it easier to navigate. A more seamlessly generated XR and virtual 
worlds experience is key to drive wider uptake of the technologies. 

4.2.2. Overcoming current challenges of XR adoption 

Optics influence the immersive experience of an XR or virtual worlds’ user, thus 
developments in optic technologies can overcome some of the issues currently faced by 
users. Negative optic effects experienced by users can include God Rays, Rainbow effects, 
or headaches, due to the vergence-accommodation issue (difficulties with users adjusting 
focus and alignment while viewing display technologies)174. Currently, the vast majority of 
VR headsets use relatively inexpensive Fresnel lenses to magnify images and bring them 
into focus. While more affordable and lightweight, these designs produce a number of 

 
169 BusinessWire. 2022. Mojo Vision Announces Test Integration With Alexa Shopping List on Smart Contact Lens. 

Available at: https://www.businesswire.com/news/home/20221103005395/en/Mojo-Vision-Announces-Test-Integration-
With-Alexa-Shopping-List-on-Smart-Contact-Lens  

170 Ren, Z., Fu, X., Dong, K., Lai, Y., & Zhang, J. 2023, May. Advanced Study of Optical Imaging Systems for Virtual Reality 
Head-Mounted Displays. Photonics, 10 (5). https://doi.org/10.3390/photonics10050555. 

171 Kemeny, A., Chardonnet, J. R., & Colombet, F. 2020. Getting rid of cybersickness. Virtual Reality, Augmented Reality, 
and Simulators. Springer Cham. https://doi.org/10.1007/978-3-030-59342-1. 

172 Syed, T.A., Siddiqui, M.S., Abdullah, H.B., Jan, S., Namoun, A., Alzahrani, A., Nadeem, A. and Alkhodre, A.B., 2022. In-
depth review of augmented reality: Tracking technologies, development tools, AR displays, collaborative AR, and 
security concerns. Sensors, 23(1), p.146. 

173 See: Giri, G.S., Maddahi, Y. & Zareinia, K., 2021. An application-based review of haptics technology. Robotics, 10(1), 
p.29. 

174 IDTechEx, 2022. Optics for Virtual, Augmented and Mixed Reality 2022-2032: Technologies, Players and Markets. 
Available at: https://www.idtechex.com/en/research-report/optics-for-virtual-augmented-and-mixed-reality-2022-2032-
technologies-players-and-markets/870 

https://www.businesswire.com/news/home/20221103005395/en/Mojo-Vision-Announces-Test-Integration-With-Alexa-Shopping-List-on-Smart-Contact-Lens
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optical artifacts that compromise the quality and comfort of the virtual experience. Newer 
optical technologies promise to solve many of these issues, while adding functionality for a 
more immersive experience and making headsets smaller. For example, innovative optical 
components based on “birdbath” lenses (a lens with a convex surface), holographic, and 
dynamic focus tuning effects are expected to upgrade lenses in XR headset designs over 
the coming decade.175 

4.3. Connectivity (5G and 6G, Wi-Fi 6/7) 

4.3.1. Potential on XR and virtual worlds 

XR applications rely on stable and low-latency wireless networks, which can provide 
higher bandwidth and enable real-time communication. One of the key features of the 5G 
network is that it enables Wide Area Extended Reality (WAXR) applications and new XR 
(and virtual worlds) use cases. For example, Enhanced Mobile Broadband (eMBB) allows 
the network to exchange a large amount of data at high-speed to enable applications, such 
as immersive gaming.176 Massive Machine Type Communications (mMTC) applications 
enable the connection of a large number of devices, such as smart cities and self-driving 
cars.177 Finally, Ultra Reliable Low-Latency Communications (URLLC) are so-called critical 
applications that require a high level of network reliability, such as telemedicine and 
AR/VR.178  

Both wide access (5G and 6G) and local access (Wi-Fi 6/6E and Wi-Fi 7) network 
connectivity are crucial to XR, particularly as XR applications continue to develop, requiring 
advanced capabilities.179 Connectivity is also a key component for virtual worlds180 and 
users want to connect easily, without cables, lag, or friction. Firstly, further improvements 
brought by next-generation Wi-Fi (Wi-Fi 6/6E and Wi-Fi 7) will undeniably render XR 
experiences within virtual worlds in the future (i.e. in local area XR (LAXR) application).181 
Wi-Fi 6/6E and later Wi-Fi 7 infrastructure will provide XR users in home and business 
environments with high-performance connectivity within localised spaces and will allow 
to build connections between the physical and digital worlds. Secondly, 6G will investigate 
novel communication modes without regard for existing network paradigms or 
technology,182 providing reliable and robust connectivity, and access to wide area XR 
(WAXR), which can better support the requirements of XR applications.183 The completion 
of the 6G standard and its commercialisation is anticipated as early as 2028.184 Moreover, 
5G and 6G infrastructure will provide bandwidths, which are better capable of handling 

 
175 Optics. 2022. Report: emerging optics to displace Fresnel lenses in XR headsets. Available at: 

https://optics.org/news/13/6/8. 
176 Milovanovic, D., Bojkovic, Z., & Pantovic, V. 2019. Evolution of 5G mobile broadband technology and multimedia 

services framework. In Smart and Sustainable Engineering for Next Generation Applications: Proceeding of the Second 
International Conference on Emerging Trends in Electrical, Electronic and Communications Engineering (ELECOM 
2018), November 28–30, 2018, Mauritius 2 (pp. 351-361). Springer International Publishing. 

177 Shehab, M. J., Kassem, I., Kutty, A. A., Kucukvar, M., Onat, N., & Khattab, T. (2021). 5G networks towards smart and 
sustainable cities: A review of recent developments, applications and future perspectives. IEEE Access, 10, 2987-3006. 

178 Feng, D., Lai, L., Luo, J., Zhong, Y., Zheng, C., & Ying, K. 2021. Ultra-reliable and low-latency communications: 
applications, opportunities and challenges. Science China Information Sciences, 64, 1-12. 

179 Akyildiz, I.F. and Guo, H., 2022. Wireless communication research challenges for extended reality (XR). ITU Journal on 
Future and Evolving Technologies, 3(1), pp.1-15. 

180 The survey questionnaire used term metaverse, but the report was revised to be in line with the vocabulary used in 
Communication adopted by the European Commission on 11 July 2023, setting out a strategy focusing on Web 4.0 and 
virtual worlds. 

181 Elliott, I., 2022. When Will Wi-Fi Really Support the Metaverse? Light Reading. Available at: 
https://www.lightreading.com/when-will-wi-fi-really-support-metaverse-/a/d-id/776348.  

182 Lu, Y. and Zheng, X., 2020. 6G: A survey on technologies, scenarios, challenges, and the related issues. Journal of 
Industrial Information Integration, 19, p.100158. 

183 Bariah, L., Mohjazi, L., Muhaidat, S., Sofotasios, P.C., Kurt, G.K., Yanikomeroglu, H. and Dobre, O.A., 2020. A 
prospective look: Key enabling technologies, applications and open research topics in 6G networks. IEEE access, 8, 
pp.174792-174820. 

184Bojkovic, Z., Milovanovic, D., Fowdur, T.P. and Indoonundon, M., 2021. 6G ultra-low latency communication in future 
mobile XR applications. In Advances in Signal Processing and Intelligent Recognition Systems: 6th International 
Symposium, SIRS 2020, Chennai, India, October 14–17, 2020, Revised Selected Papers 6 (pp. 302-312). Springer 
Singapore  
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remote rendering services, such as small, wearable devices, with less energy consumption 
(as larger computational efforts, such as rendering, are outsourced to a computing centre). 
It is also thought that 5G and 6G will enable new mobile AR assistance applications, based 
on both AR vision and audio,185 such as the acoustic glasses Echo Frames (Amazon) and 
Focal (North). 

4.3.2. Overcoming current challenges of XR adoption 

Currently, existing Wi-Fi performance is insufficient for the developing class of rich (highly 
interactive, immersive, and resource-intensive) apps that will be part of XR and virtual 
worlds. The ability to utilise the latest Wi-Fi technologies will be a prerequisite for the 
next generation of XR devices, allowing for reliable and responsive experiences. 
Support for the latest Wi-Fi technologies will also be a necessity for providers of routers and 
access point devices too, enabling users to access XR technologies to the maximum 
potential on their own, local network. Moreover, XR applications require the full capacity of 
5G standalone (SA), but current 5G networks and Wi-Fi cannot meet the ideal requirements 
for XR experiences.186 6G will act as the solution to the limitations of current 5G technology.  

4.4. Cloud computing (AR/VR cloud, hybrid cloud) 

4.4.1. Potential on XR and virtual worlds 

Developers commonly use cloud-based systems for collaborative work and storage. Cloud-
based solutions can allow location-independent connections, which make it easier for 
developers to create and manage XR (and virtual worlds) applications, and XR developers 
and users will continue to rely heavily on cloud computing. Additionally, cloud-based 
systems can be customised and configured to meet the specific needs of XR (and virtual 
worlds), such as specialised processing hardware.187 

Moreover, using cloud technology is essential when dealing with large-scale data. In 
particular, the dimensions of virtual worlds, when fully developed, will create massive 
demands for storage and processing power that can only be met by massively scalable 
solutions. Cloud-based systems can be easily scaled to meet the demands of XR (and 
virtual worlds),188 meaning that software solutions can be scaled to the demand of the 
market. This was supported by responses from the Delphi survey, where cloud computing 
was rated as important or very important for the development of XR applications (including 
virtual worlds) by 92% (41 out of 51) surveyed experts. Most importantly scalability, but also 
the flexibility of hardware configuration towards specific workloads, are crucial advantages 
of cloud technology for virtual worlds’ development and are needed to make very advanced 
applications possible, e.g., AI or real-time rendering. Cloud computing means that the 
growing XR and virtual worlds’ user base and ever-changing software products are not as 
limited by, for example, storage and computation capabilities.  

4.4.2. Overcoming current challenges of XR adoption 

Computational offloading and storage facilitated by the cloud also lower the costs of a fully 
immersive experience by removing the need for high-end XR devices at the local level. 
Instead, cheaper devices that offer a longer lifespan can be incorporated. The cloud acts 

 
185 Taleb, T., Nadir, Z., Flinck, H., & Song, J. 2021. Extremely interactive and low-latency services in 5G and beyond mobile 

systems. IEEE Communications Standards Magazine, 5(2), 114-119. 
186 Akyildiz, I.F. and Guo, H., 2022. Wireless communication research challenges for extended reality (XR). ITU Journal on 

Future and Evolving Technologies, 3(1), pp.1-15. 
187 Google Cloud. 2023. Custom Machine Types. Available at: https://cloud.google.com/custom-machine-types  
188 Theodoropoulos, T., Makris, A., Boudi, A., Taleb, T., Herzog, U., Rosa, L., Cordeiro, L., Tserpes, K., Spatafora, E., 

Romussi, A. & Zschau, E., 2022. Cloud-based XR services: A survey on relevant challenges and enabling technologies. 
Journal of Networking and Network Applications, 2(1), pp.1-22. 
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as an anchor, which can be shared and accessed by multiple users across a range of 
devices and allows for greater XR collaboration and engagement. In addition, storing 
data and processing workloads in the cloud is a feasible solution to facilitate virtual 
worlds’ experience that is not limited by barriers, such as service outages or queues 
because of limited storage or processing power. With the use of the cloud, XR becomes 
more accessible as users can use more affordable devices, move around more freely.  

Having said this, as cloud computing relies on sending and receiving data across potentially 
large distances to external servers, there can be problems with latency and connection 
losses, especially when the connectivity infrastructure is not reliable.189 Edge computing 
offers an alternative to cloud computing, which mitigates these challenges, as discussed 
below. 

4.5. Edge computing (edge-offloading) 

4.5.1. Potential on XR and virtual worlds 

In the context of XR, edge computing, or ‘offloading’, shifts the heavy lifting of intensive data 
processing and storage to more capable and specialised computing devices, such as 
servers (this is also known as a thin-client approach). Not only does this reduce the cost 
of Human Interface Devices (HIDs), but it also extends the lifespan of the device,190 
as computing hardware can evolve separately from the interface device. In addition, mobile 
edge networks are expected to deliver low-latency and wide-area wireless access, 
enabling a fully immersive and real-time user experience in virtual worlds.191 The 
improved latency that comes from edge computing (when supported by appropriate 
connectivity infrastructure) facilitates real-time or near real-time processing, which is 
integral to XR and virtual worlds’ applications.  

Moreover, edge computing brings additional flexibility and competition into the XR 
industry, by enabling software as a service (SaaS) like business models by disaggregating 
and unbundling the XR-value chain. However, currently, there is a lack of standardisation 
in the field of edge computing, which makes it difficult for developers to create and 
implement consistent and compatible systems. To experience a seamless virtual world with 
applications being compatible, global standards must be created and widely adopted. When 
those standards are met, developers have the safety to create applications that can make 
use of edge offloading globally.192 

4.5.2. Overcoming current challenges of XR adoption 

Edge-based systems can overcome the latency issues associated with cloud computing 
(described above), which have a negative impact on virtual worlds’ and XR user experience. 
At most geographical locations, the traffic computed in the cloud must travel distances that 
become noticeable to the user as latency. This, however, is tackled by the concept of edge 
computing, which has the potential to reduce latency to a sufficient minimum.193 

 
189 Akyildiz, I.F. and Guo, H., 2022. Wireless communication research challenges for extended reality (XR). ITU Journal on 

Future and Evolving Technologies, 3(1), pp.1-15. 
190 Hassan, N., Gillani, S., Ahmed, E., Yaqoob, I., & Imran, M. (2018). The role of edge computing in internet of things. IEEE 

communications magazine, 56(11), 110-115. 
191 Xu, M., Ng, W.C., Lim, W.Y.B., Kang, J., Xiong, Z., Niyato, D., Yang, Q., Shen, X.S. and Miao, C., 2022. A full dive into 

realizing the edge-enabled metaverse: Visions, enabling technologies, and challenges. IEEE Communications Surveys 
& Tutorials. Available at: https://www.researchgate.net/publication/359156157_A_Full_Dive_into_Realizing_the_Edge-
enabled_Metaverse_Visions_Enabling_Technologiesand_Challenges. 

192 ETSI (European Telecommunications Standards Institute) has already made efforts to harmonize standards for edge 
computing. See: ETSI. 2020. Harmonizing standards for edge computing – A synergized architecture leveraging ETSI 
ISG MEC and 3GPP specifications. Available at: 
https://www.etsi.org/images/files/ETSIWhitePapers/ETSI_wp36_Harmonizing-standards-for-edge-computing.pdf.  

193 Hassan, N., Gillani, S., Ahmed, E., Yaqoob, I., & Imran, M. (2018). The role of edge computing in internet of things. IEEE 
communications magazine, 56(11), 110-115. 
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In order to increase the adoption of large-scale, especially mass-market consumer-grade 
XR use cases, technical limitations need to be solved. One of the most pressing issues is 
the physical hardware required to run high-quality XR applications. Currently, there is still 
the need to perform most of the computation on-device, which either leads to bulky 
untethered devices, or lighter, but tethered, HIDs. However, in combination with advanced 
connectivity standards, like 5G, 6G, or Wi-Fi 6/7, XR hardware can benefit from using edge 
computing through its capabilities to handle the required bandwidths for computation 
offloading, and, as a result, the comfort and handling of the hardware are improved.194  

The demands for low-latency, data protection, and security are the most important 
challenges for applications that rely on the cloud for a safe and convenient XR user 
experience. Technological advances, such as widely available edge computing for latency, 
and high-security standards for data protection, should take place to meet those challenges.  

4.6. Advanced semiconductor chips (devices, efficiencies, 
capabilities) 

4.6.1. Potential on XR and virtual worlds 

The next generation of XR devices will be supported by advanced chip technology. As an 
example, a notable leader in the field is the American semiconductor company Qualcomm. 
In 2022, Qualcomm announced the opening of its XR Labs in Europe,195 with a focus on 
research and development, and providing access to innovative XR technology to a range 
of sectors.  

As with other modern smart devices, XR headsets and glasses also feature innovative 
system-on-a-chip (SoC) technology.196 Semiconductor chip development is the key to 
producing user-friendly hardware. Moreover, due to their proliferation, smartphones 
(enabled by ever-more advanced chip technology) will continue to act as an important XR 
entry point, supporting the adoption of XR by making the technology more accessible to a 
greater number of people.197 While advanced chip technologies in smartphones should 
enable such devices to continue to act as a gateway to some XR applications, dedicated 
XR processor platforms should also serve to benefit the development of new XR devices. 

System-on-a-chip innovation within the smartphone industry will also be applied to other 
mobile device markets, notably the advanced integration of components, such as a high-
performance processor, graphics, and AI accelerator chips specifically designed to manage 
AI processed data198 on a single silicon-based chip that is capable of supporting the next 
generation of power-efficient, lightweight XR devices, which deliver enhanced visuals, 
sound, and immersive experiences while preserving battery life.  

Industry collaboration has the potential to bring together key components, so that a single 
chip manufacturer could develop standalone devices with all the capabilities required to 
deliver truly immersive experiences, including those within virtual worlds. For example, 
Qualcomm’s activity within the XR space includes partnerships with other tech firms, 
particularly those who are also actively exploring XR applications and virtual worlds. A 

 
194 The use of thin client at scale has already been demonstrated in industry. See: Verizon. 2023. What is the AR cloud and 

what is it used for? Available at: https://www.verizon.com/about/blog/what-is-ar-cloud.   
195 Qualcomm. 2022. Qualcomm Expands Investment in XR and the Metaverse with the Formation of XR Labs Europe – an 

XR R&D hub in Europe. Available at: https://www.qualcomm.com/news/releases/2022/02/qualcomm-expands-
investment-xr-and-metaverse-formation-xr-labs-europe-xr-rd/.  

196 See: https://www.sciencedirect.com/topics/physics-and-astronomy/systems-on-a-chip  
197 As an example, see: Gonsher, I., Feng, P., McArn, T., & Christenson, A. 2023. Designing for Wide Adoption: An 

Inexpensive and Accessible Extended Reality (XR) Device. In: Stephanidis, C., Antona, M., Ntoa, S., Salvendy, G. (eds) 
HCI International 2023 Posters. HCII 2023. Communications in Computer and Information Science, vol 1836. Springer, 
Cham. https://doi.org/10.1007/978-3-031-36004-6_25 

198 Lang, B. 2022. Prototype Meta Headset Includes Custom Silicon for Photorealistic Avatars on Standalone. Road to VR. 
Available at: https://www.roadtovr.com/meta-reality-labs-research-custom-silicon-codec-avatars-standalone-vr-headset/. 
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highlight of this is the company’s multi-year agreement with Meta,199 signed in 2022, to 
continue to design customised chips for Quest products. The partnership extends the 
relationship between the firms, with Qualcomm’s XR2 and XR2+ chips, used in Meta’s 
Quest 2 and Quest Pro devices, respectively. For the wider market, the partnership signals 
that the future of XR and virtual worlds is mobile,200 highlighting the importance of devices 
needing to be lighter and more versatile. 

4.6.2. Overcoming current challenges of XR adoption 

Dedicated XR processors are designed to be smaller, lighter, and cooler, and to operate 
at low power, allowing device manufacturers to bring to market an array of sleeker, 
fashionable, and more comfortable XR devices. For XR and virtual worlds’ applications, this 
is an important step to allow users to wear such devices for an extended period without the 
fear of discomfort or poor battery life. As an example, the UK-based company Arm, a chip 
design, and IP specialist, provides specialised processor technologies required to power 
high-performance, low-power consumer devices that will act as an entry point to XR.201,202 
Within the XR space, Arm’s chip designs are incorporated in devices, such as Meta’s Quest 
2 and Quest Pro, as well as Microsoft’s HoloLens 2. 

4.7. Graphene and metamaterials 

4.7.1. Potential on XR and virtual worlds 

Metamaterials are essential to the hardware development of next-generation XR systems, 
promoting trust in the use of immersive devices and with properties engineered to 
personalise the user experience. The unique properties of metamaterial include its high 
permissiveness of electron transport, high optical transparency, high thermal conductivity, 
and large specific surface area amongst others. Such properties make it amenable to 
innovations in terms of longer-lasting batteries, more efficient solar cells, corrosion 
prevention, and display panels in XR, amongst others.203 Metamaterial-facilitated power will 
be conditioned to enable power-up from multiple points, and prevent dropout, due to power 
loss. These materials will also convert energy from the environment's natural sources, such 
as sunlight204. These factors will prevent distraction and interference with the experience, 
and act as an enabler to maintain fully immersive engagement. If metamaterials are applied 
across the environment, for example by intelligent ‘metasurfaces’ on walls and windows, 
and throughout homes and offices, metamaterials will also facilitate the connective 
highway, reducing latency of data transmission and amplifying signals.205 Moreover, 
metamaterial film on windows can filter harmful rays from the sun,206 and allow indoor 
immersive activities to work through the removal of saturation of visual graphics and reduce 

 
199 Clark, M. 2022. Meta’s chip deal with Qualcomm may reflect its unrealized VR ambitions. The Verge. Available at: 

https://www.theverge.com/2022/9/2/23334656/meta-qualcomm-quest-vr-ar-snapdragon-xr-custom-chips/. 
200 Sladden, C. O. 2022. Meta and Qualcomm team up to develop the metaverse. Verdict. Available at: 

https://www.verdict.co.uk/meta-and-qualcomm-team-up-to-develop-the-metaverse/. 
201 Arm. 2022. AR, VR and XR Compute to Power the Metaverse. Available at: https://www.arm.com/markets/consumer-

technologies/ar-vr/.  
202 Accelerated product development is achieved through the company’s work with developers via the Arm Virtual Hardware 

service, removing the need to develop on physical silicon and speeding the product design process by up to two years. 
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Thermoplasmonic and photothermal metamaterials for solar energy applications. Advanced Optical Materials, 6(18), 
p.1800317. 
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technologies in mobile edge computing. In 2022 6th International Conference on Computing Methodologies and 
Communication. doi: 10.1109/ICCMC53470.2022.9754049. 

206 As an example, see: Ko, B., Lee, D., Badloe, T., & Rho, J. 2018. Metamaterial-based radiative cooling: towards energy-
free all-day cooling. Energies, 12(1), 89. 
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tracking fallout, creating an environment that sustains power and connectivity. It is 
suggested that metamaterials are needed to fully realise XR experiences, by 
contributing to miniaturisation and supporting high performance.207 

Moreover, graphene technologies will form the foundation of next-generation tracking-
based interfaces for human-computer interaction. Graphene-enabled technology could 
enhance XR technologies through the development of more immersive holographic images 
which are life-sized, touchable via haptic feedback, and viewable at wide angles.208 

Graphene also has a key role to play in the digital twin,209 a virtual mirror of a product, 
process, or environment. In addition, graphene-based materials have the potential to enable 
miniaturised image sensors, as well as transparent or transformable displays. Both are key 
elements of XR, since they serve as efficient interfaces, in addition to conveying highly 
realistic images.210   

Furthermore, drawing on graphene’s optical properties, a multi-layered graphene-based 
metamaterial has the potential to feature in XR solutions as part of ultrathin, water-proof, 
and flexible optical systems to enhance sensory feedback and visual immersion.211 

Moreover, the stretchable and conductive nature of graphene holds potential for the next 
generation of wearable haptic devices, improving today’s rigid products.212 Transparent 
graphene surfaces could revolutionise haptic feedback in mobile devices, by delivering 
targeted electro vibration stimuli to the user’s fingertip.213 Most Delphi surveyed experts 
agree or strongly agree (94% or 15 out of 16) that embodiment is an important field that still 
needs improvement and that is essential to complement the immersive experience, 
especially in multi-user applications. Full immersion will also become a more engaging 
experience, with multi-sensory interaction, making it more like the real world. The 
properties of graphene and metamaterials have also given textiles a smart clothing label. 
When woven into clothing, it would allow the clothes to offer seamless connectivity, and act 
as a tracking device and a connected hub.214 Metamaterials manufactured to hold warmth 
and reflect heat, to match the environment can also lead to skin integration of devices - 
wearables that are part of you and not something you put on.215 Smart clothes, skin, and 
markings give greater connectivity and tracking. They would give better security and have 
the potential to contribute to E-health and training. For example, thermal simulations will be 
given for actual events, thus helping the safety within an experience, for example, in fire 
safety training.216 Metamaterials can provide training solutions that are cost-effective and 
can provide feedback metrics, giving more confidence to employers, reducing the reliance 
on physical testing and training.  

Graphene will establish quicker connections between devices, due to engineered material 
properties, a lightweight solution to heavy instals. In addition, metamaterials offer a chance 
to reduce waste, size, and weight of optical lenses, which traditionally rely on glass 
materials, and will also have a substantial impact on devices, such as HMDs and AR 

 
207 Abrash, M., 2021. Creating the future: augmented reality, the next human-machine interface. IEEE International Electron 

Devices Meeting (IEDM). (pp. 1-2). IEEE. 
208 Ludlow B. L. 2015. Virtual Reality: Emerging Applications and Future Directions. Rural Special Education Quarterly. 

34(3): 3-10. 
209 Ali, M.A., Irfan, M.S., Khan, T. et al. Graphene nanoparticles as data generating digital materials in industry 4.0. Sci Rep 

13, 4945 (2023). https://doi.org/10.1038/s41598-023-31672-y. 
210Park, J., Seung, H., Kim, D.C., Kim, M.S. and Kim, D.H., 2021. Unconventional image‐sensing and light‐emitting devices 

for extended reality. Advanced Functional Materials, 31(39), p.2009281. 
211 Yang, Y., Lin, H., Zhang, B.Y., Zhang, Y., Zheng, X., Yu, A., Hong, M. and Jia, B., 2019. Graphene-based multilayered 

metamaterials with phototunable architecture for on-chip photonic devices. Acs Photonics, 6(4), pp.1033-1040. 
212 Pyun, K.R, Ko, S.H. 2022. Materials and devices for immersive virtual reality. Nature Reviews Materials, 7, 841-843.  
213 Radivojevic, Z., Beecher, P., Bower, C., Haque, S., Andrew, P., Hasan, T., Bonaccorso, F., Ferrari, A.C. and Henson, B., 

2012. Electrotactile touch surface by using transparent graphene. In Proceedings of the 2012 Virtual Reality 
International Conference (pp. 1-3). 
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glasses. This structural weight reduction will lead to reduced space requirements for 
components and connectivity for immersive devices and create a wider range of choices in 
the market of immersive devices. Graphene and metamaterials will make up a network of 
connected, tracked, and enhanced environments, with light weight, less intrusive, and 
simple tools that will help users accept new virtual worlds’ technologies, building better 
contextual experiences and enabling trust from the user.  

In addition, virtual worlds have seen considerable developments in the commercial sector, 
buying and selling are now commonplace; fashion on avatars, different styles and different 
personas, allow a high degree of configuration in virtual worlds. This human trait will need 
to become intuitive and seamless to become trusted and relevant. Graphene and 
metamaterials will enhance this area, turning real situations into virtual ones and allowing 
control over appearance, degree of interaction, and the right to choose. It will also 
allow expression and disguise, placing the responsibility in the hands of the person, and not 
governed by the virtual world platform. The control of immersion, which can be granted 
through the integration of metamaterials into physical spaces and objects (such as wearable 
devices) can allow virtual worlds to become a part of everyday life. For example, immersion 
levels controlled by an app on your phone could determine your Virtual or Augmented 
experience.  

4.7.2. Overcoming current challenges of XR adoption 

Metamaterials can overcome a wide range of challenges, which impact XR adoption. 
Narrow viewing angles associated with traditional retinal project systems can be 
overcome through the use of a “metamaterial mirror”, which reduces issues associated with 
lens movement and iris contraction with traditional approaches.217 Relatedly, a 
metasurface-based contact lens display (CLD), which uses a holographic casting 
technique, could be applied to overcome the eye-accommodation issues associated with 
conventional CLD displays.218 Moreover, it has been recently demonstrated how graphene 
oxides could enable wide-angle, full-colour, three-dimensional holograms, thanks to their 
electronic and optical properties.219 

Graphene-based technology could be instrumental in overcoming some of the technological 
challenges, which the industry is currently facing. Golparvar and Yapici220, for example, 
highlight the advantageousness of graphene for electrooculography (EOG). EOG-based 
devices track eye movement and relevant applications include human-computer 
interfaces, such as for virtual PC mousepads or keyboards, for controlling robots, for 
smartphone operation, and also for virtual reality gaming. Previously, EOG devices, such 
as goggles, masks, headbands, or headsets, have been limited in their capacity by the 
electrodes used for sensing eye movement, which requires the application of conductive 
gel. This is time-consuming and often leads to itches, swollen skin, and other allergic 
reactions, with prolonged use. Moreover, traditional eye-tracking systems are camera-
based, and can, therefore, be both bulky and expensive. Graphene could, in theory, replace 
this by weaving graphene into a strong yet lightweight conductive textile.221   

4.8. Blockchain 

 
217 Ochiai, Y., 2018. How could we ignore the lens and pupils of eyeballs: Metamaterial optics for retinal projection. arXiv 
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interaction. Beilstein Journal of Nanotechnology, 12(1), pp.180-189.. 
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4.8.1. Potential on XR and virtual worlds 

Blockchain introduces a new way of processing payments in a variety of XR and virtual 
worlds’ contexts. These include, but are not limited to, virtual experience marketplaces, 
AR/VR games, e-commerce, advertising, creative design and arts, tourism, and education. 
Blockchain-based payment systems allow users to buy virtual goods and services directly 
from the creators, eliminating third parties, which reduces transaction fees.222 Precisely 
because of its distinct features of decentralisation, immutability, persistency, anonymity, 
auditability, and transparency, blockchain technology ensures that virtual payments are not 
only efficient, but also meet the highest security standards.223 Blockchain's integration with 
XR and virtual worlds suggests improved payments with a better experience for users and 
a business environment friendly to creators and innovators. 

Blockchain protects data ownership and integrity, which gives rise to whole new XR sectors, 
and opens new avenues of online-based retail. Blockchain technology ensures that items 
cannot be pirated or copied, thus XR users can create and sell unique, often non-fungible 
token (NFT)-based digital items, including artworks. In the e-commerce and advertising 
sectors, blockchain can be used for trading, as well as storing information on authorship, to 
prevent copyright infringement and illegal redistribution. Blockchain’s ability to guarantee 
and verify the uniqueness and immutability of the blocks of data found within it shows a lot 
of potential in creating a legally and financially secure XR environment.  

Having said this, blockchain was evaluated as a less important emerging technology for the 
development of XR hardware and application of XR (including virtual worlds) in both Delphi 
survey rounds, but in the latter, sector potential was evaluated by experts to be slightly 
greater. 

4.8.2. Overcoming current challenges of XR adoption 

Blockchain can offer a solution to ethical concerns in terms of data protection and 
privacy and can secure the safe delivery of virtual world-based experiences. More than half 
(56% or nine out of 16) of Delphi survey respondents agree that the lack of secure 
authentication and access to highly sensitive data not on the user’s device is a barrier to 
wide-scale XR adoption in the industrial and enterprise/defence sectors. Through seamless 
and intuitive virtual worlds interaction, blockchain will promote trust and acceptance among 
individual users and businesses. 

4.9. Artificial intelligence (AI) 

4.9.1. Potential on XR and virtual worlds 

Artificial intelligence has a key role to play in XR technologies. Compared to other emerging 
technologies, Delphi survey respondents ranked AI as more important compared to other 
emerging technologies (51% or 26 out of 51 rated it as very important) to the development 
of XR. The primary motivation for developing AI-XR includes training AI, for example, to 
feed AI algorithms with XR elements; conferring intelligence on XR, by integrating AI into 
a particular aspect of XR to enhance the XR experience; and interpreting large 
quantities of XR-generated data.224 When used together, AI may assist XR in efficiently 

 
222 Monrat, A. A., Schelén, O., & Andersson, K. (2019). A survey of blockchain from the perspectives of applications, 
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interacting and communicating with people, and help to make XR and virtual worlds more 
immersive, intuitive, and personalised.  

Moreover, the convergence of connectivity, edge computing, blockchain, and AI can 
strengthen and generate synergies between them, which empower XR and virtual worlds 
further.225 Compute-intensive AI workloads in XR can be conducted through cloud, hybrid, 
or edge computing, enhanced through high-bandwidth networks and AI, in conjunction with 
cloud technology, can more effectively handle the large-scale data that XR and virtual 
worlds produces.  

When applied to XR and virtual worlds, AI can help to build an autonomous and adaptive 
system, which can learn and extract knowledge about the environment or rendered 
features within it and carry out automated decisions based on this information. The ability 
of AI to independently carry out decisions can improve real-time feedback and responses 
within the interactive environment, creating a more immersive and satisfying experience for 
the user.226 Moreover, potential lies in using augmented intelligence, which can expand 
and support human intelligence with the help of AI. This can result in AR assistance 
systems, which more flexibly react to the user’s action, on the environment condition, and 
even detect and “understand” the status of the situation the user finds themselves in. This 
could help to create context sensitivity within more complex AR applications, such as 
training or maintenance. 

Additionally, AI can facilitate the detection and creation of 3D objects, by gathering and 
processing data on, for example, gestures, with minimum delay and maximum accuracy. In 
the context of virtual worlds, this can improve efficiency, as there are increasing numbers 
of users (therefore 3D objects), which require large quantities of data to be processed.227 AI 
can also contribute to XR, and, in particular, VR and AR, through the field of pose 
estimation, which detects and tracks human movement in images and videos. AI trained 
with human data can better capture movement and can mitigate occlusion problems often 
faced in XR.228  

AI is also being applied to advanced semiconductor chips. For example, AI accelerator 
chips are specifically designed to manage AI processed data. AI processing capabilities 
built into chips can facilitate eye-tracking and mouth tracking in device sensors to render 
and animate life-like and real-time user avatars.229  

It is also being explored how AI can be embedded in blockchain and IoT integrated systems 
for data analysis and management.230 As immersion and integration into XR and virtual 
worlds’ environments become more commonplace, data will be tracked, and transactions 
logged, and there is also potential for e-health monitoring and alerts. Protective AI has the 
potential to predict scenarios and prevent unsafe situations from occurring, by processing 
data and responding with real-time decisions231. 

 
225 Wang, Y. and Zhao, J., 2022. Mobile Edge Computing, Metaverse, 6G Wireless Communications, Artificial Intelligence, 
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metaverse: A survey. Engineering Applications of Artificial Intelligence, 117, 105581. 
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4.9.2. Overcoming current challenges of XR adoption 

3D content generated by AI, is also essential for building large scale virtual worlds. The 
majority of our experts in the second Delphi survey second round agree or strongly agree 
(75% or 12 out of 16)) that automatic 3D content generation through AI could break through 
current technology limitations, and accelerate the development of virtual worlds and wider 
uptake of XR. AI has also found its way into XR via the so-called “AI assisted design” or 
“AI aided design”. This refers to the notion that AI supports the designer in understanding 
the model (e.g., detecting anomalies), or makes suggestions on the basis of machine-learnt 
experiences.232 AI assisted modelling, tracking, facial recognition, and spatial locational 
marking can help to build seamless integration of the real world and virtual world. 

More than this, as virtual worlds are reliant on the convergence and processing of data from 
a range of technologies (such as IoT, digital twin, and big data), there are enhanced security 
risks relating to user privacy. AI application in blockchain technology can improve security, 
and efficiency and reduce energy consumption, making virtual worlds safer 
environments.233    

 
232 See: Suwelack. 2020. What is AI-assisted design? renumics. Available at: https://renumics.com/blog/what-is-ai-assisted-

design; Architechtures. What is Artificial Intelligence Aided Design? Available at: https://architechtures.com/en/what-is-
artificial-intelligence-and-how-do-you-work-with-it/; Philips, M. The Present and Future of AI in Design (with Infographic). 
Designers. Available at: https://www.toptal.com/designers/product-design/infographic-ai-in-design.  

233Bouachir, O., Aloqaily, M., Karray, F. and Elsaddik, A., 2022, September. AI-based Blockchain for the Metaverse: 
Approaches and Challenges. In 2022 Fourth International Conference on Blockchain Computing and Applications 
(BCCA) (pp. 231-236). IEEE. 
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5. Overview of available virtual worlds in the EU 

This chapter provides an overview of the virtual worlds that exist across the EU. Within the 
scope of this exercise, 180 virtual worlds were mapped according to the parameters outlined 
in more detail in Annex 1. The mapping of virtual worlds was implemented in January – 
March 2023.  The following sections present an overview of the virtual worlds based on two 
dimensions: 

• Overview of application and users of VW - covers type, industrial ecosystem, 
business models and impact of VW; 

• Overview of technologies to run VW - covers payment, monetisation, identity, 
devices, accessories and infrastructure of VW.  

5.1. Overview of application and users of virtual worlds 

Overview of virtual worlds 

The main focus of the virtual worlds mapping exercise was on virtual worlds (VW) with 
industrial application. However, VWs could not fit only in this category and additional 
categories were identified based on the desk research – industrial, education, and 
entertainment234. VW, whose features can be used by enterprises to develop in different 
business environments, are considered to have industrial applications. VWs that provide a 
platform that enhances teaching methods and availability, or whose final goal is to create 
an alternative world of leisure activities, are considered educational and entertainment 
applications, respectively. Within these categories, close to 70% of the VWs mapped have 
industrial (124 VWs) and/or entertainment (123) applications, and just shy of 30% (54) have 
educational uses. As for the type of users, most of the VW target citizens (140) as their 
main audiences, followed by businesses (78), and then the public sector, which lags with 
just 15 virtual worlds targeted towards this audience (see Figure 24).  

Figure 24. Type of virtual world and type of users 

 

Note: N = 180. VW could be assigned to more than one category. Research conducted in January – April 
2023. 
Source: Visionary Analytics, 2023. 

Industrial ecosystems 

Since the majority (124 out of 180) of virtual worlds mapped have industrial applications, 
we assigned a specific industrial ecosystem to them. The most common industrial 
ecosystems were cultural and creative (81 VWs), digital (46), retail (27), and fashion 
industries (26), as well as construction (17), health (14), aerospace (12), or other industries 
to a lesser extent (see Figure 25).  

Most of the cultural and creative industry VWs are focused on museums (e.g., 6529), music 
and concerts (e.g., EDM metaverse and Musicverse), or social media (e.g., Sensorium). 

 
234 These three categories were proposed and agreed upon with the client to use in VWs mapping. 
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Fashion and retail industry VWs are most common in the form of advertisement (e.g., Paris 
Fashion Week with Sensorium), and revenue from the NFT market (e.g., Shivaberse). 
Additional software developments in VWs include specific applications in the industries of 
health, energy, and architecture (e.g., Vault Hill City, ESI Group, and Autodesk). 

Figure 25. Distribution of VWs by industrial ecosystem 

 

Note: N = 180. VW could be assigned to more than one category. Research conducted in January – April 
2023. 
Source: Visionary Analytics, 2023 

Business model 

Two main business models of VWs have been identified: 

• VWs oriented towards enterprises and companies: their accessibility is usually 
subscription-based and they provide services for the user. Most of these platforms 
are tools for virtual work environments, virtual meetings and conferences (e.g., 
Microsoft Mesh), or software for specific technical purposes, such as construction, 
design, and/or engineering (e.g., Virtual Wafer Fabrication). Due to their specialised 
nature, these platforms are not particularly geared towards the common citizen. 

• VWs oriented towards citizens: these are mostly freely accessible, or freemium 
(with some features available for free, with upgraded versions available on a 
subscription basis). These obtain revenue from the VW market through the 
purchasing of virtual land, NFTs, or virtual accessories (e.g., The Parallel). This type 
of business model is predominant in VWs with an entertainment background 
capable of attracting a greater number of users. 

Overall, 77 VWs that were mapped are free or freemium to access. 19 VWs are available 
on a subscription base, while 23 VWs use other access methods (mostly buying upfront). 
As for commercialisation, 83 virtual worlds use in-virtual-world purchase, and 63 use VW 
for goods and services235. The remaining VWs correspond to platforms, whose accessibility 
and commercialisation remain unclear (see Figure 26).  

 
235 In-virtual-world-purchase means that VW offers the possibility to buy avatars, virtual accessories or any kind of goods 

needed and used in the virtual world. The virtual world used for goods and services means that customer can use VW 
for real-world objects or services (e.g. consultations carried on in the virtual world or VW used to see how clothes looks 
on different types of models in the virtual world and order piece of clothing in real life.  
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Figure 26. Accessibility and commercialisation of virtual world 

 
Note: N = 180. Research conducted in January – April 2023. 
Source: Visionary Analytics, 2023. 

Evidence of impact 

During the mapping exercise, the impacts of VWs were not assessed, but rather existing 
research pointing towards possible VW economic and social impacts have been 
summarised and addressed separately below.  

Economically, VWs create new forms of revenue within new virtual markets and display 
for existing ones. Fortnite skins or NFT trading in The Parallel, are some examples of the 
ways in which platforms can engage users with an entertainment experience, intertwined 
with a virtual market of NFTs, virtual land, and other assets, where creativity is monetised. 
On the other hand, the development of software and simulators, and greater computational 
power becoming easily accessible, has a direct impact marking down build-up prices and 
facilitating the development and innovation process in different sectors – VBS (Virtual battle 
space) in aerospace and defence, or Autodesk in construction and mobility236. In addition 
with fast growing global spending and, with 400 million monthly active users, leaders in 
industries, like gaming, retail, arts, healthcare, and blockchain, are determining how to 
position themselves as critical players in this emerging ecosystem.237 Over the past ten 
years, there have been many breakthrough VWs platforms, and this trend is set to continue 
over the next ten years as platforms continue to be developed. 

As for social impacts, the VWs contribute to bringing communities together to socialise, 
educate, and interact. Some platforms, such as Half+half or HighFidelity, promote users to 
socialise and collaborate in the virtual world. Others, such as Fortnite or World of Warcraft, 
build a community based on their gaming experience. Lastly, platforms, such as TechStar 
and Soccoco, are aiming to create a virtual environment where lectures, presentations, and 
calls can take place.  

In addition, the impacts are both positive and negative. On the one hand, the VWs create 
an endless number of opportunities, including for gaming, socialising, and education, as 
well as for different industries (e.g., health, engineering, construction, energy and digital). 
However, niche industry-based VWs are less known because of smaller user pools. For 
example, as opposed to popular gaming platforms, such as Fortnite, fewer people will 
engage with niche platforms, such as PowerWorldSim238, which allows users to measure 
the power grid in their local area, or Energy3D239, which allows users to visualise how best 
to build a house and maximise its solar power output. Furthermore, the technologies being 
developed for VWs are enhancing computing power availability for a multitude of industries, 
including construction, energy, and health, which can have a positive impact on humanity. 

 
236 The Economist, 2020. Headset technology is cheaper and better than ever. Available at: 

https://www.economist.com/technology-quarterly/2020/10/01/headset-technology-is-cheaper-and-better-than-ever  
237 Geri Mileva, “52 Metaverse Statistics | Market Size & Growth (2023)”. Available: 

https://influencermarketinghub.com/metaverse-stats/  
238 See: https://www.powerworld.com/    
239 See: https://energy.concord.org/energy3d/index.html   
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On the other hand, the use of these platforms has generated concerns regarding the 
potential negative effects on children’s personal and social development.240,241  

5.2. Overview of technologies used to run virtual worlds 

Payments, monetisations, and identity  

There are two main technological trends in VWs defining monetisation and identity systems: 
centralised and decentralised. The former is the classic form of web development, whereby 
the stream of information is owned by the platforms, whereas the latter aims to decentralise 
the data flow from developers to users. These systems are mainly defined by Web2.0 and 
Web3 technologies242 (see Table 14). Of the 120 VW where types of monetisation and 
identity systems were identified, 46 were centralised (Web 2.0) and 74 - were decentralised 
(Web3).  

Table 14. Web 2.0 and Web3 differences 

  Web 2.0 Web3 

Data storage Centralised Decentralised 

Platform format PC/console; Virtual 
reality/augmented; reality hardware; 
Mobile/app 

PC/console; Virtual 
reality/augmented; reality hardware; 
Mobile/app coming soon 

Payment infrastructure Traditional payments (e.g., 
debit/credit cards) 

Crypto wallets 

Digital asset ownership Leased within the platform where 
purchased 

Owned through nonfungible tokens 
(NFTs) 

Digital asset portability Locked within platform  Transferable 

Payments In-platform virtual currency (e.g., 
Robux for Roblox) 

Cryptocurrencies and tokens 

Content revenues The platform or store earns a part of 
the purchase, and the rest goes to 
the developer 

Peer-to-peer; developers or content 
creators directly earn revenue from 
sales 

Source: Visionary Analytics, based on Onyx by J.P. Morgan, JPMorgan.com, 2022. “Opportunities in the 
metaverse: How businesses can explore the metaverse and navigate the hype vs. reality”, in McKinsey & 
Company, 2022. Value creation in the metaverse. The real business of the virtual world. 

In addition, we looked at whether VWs use blockchain, Non-Fungible Tokens (NFTs), virtual 
land, and what payment gateways are used. Out of 180 VWs analysed, slightly less than 
half (88 VWs) of VWs use NFTs, while only just over one quarter (49) use virtual land243 
(see Figure 27).  

Together, blockchain and Web3 represent the latest developments in technology, founded 
on the concept of organising items by blocks of information that are interlinked to create a 
chain within a decentralised peer-to-peer network. This method makes items unique and 
transactions irreversible, where records of blocks cannot be altered retroactively without the 
alteration of subsequent blocks. On the other hand, market based and Web2.0 

 
240 Henz, P. The societal impact of the metaverse. Discov Artif Intell 2, 19 (2022). https://doi.org/10.1007/s44163-022-

00032-6  
241 Bernard Marr “The Effects Of The Metaverse On Society”, Forbes, 2022. Available: 

https://www.forbes.com/sites/bernardmarr/2022/04/04/the-effects-of-the-metaverse-on-society/?sh=3554464d765b  
242 McKinsey & Company, 2022. Value creation in the metaverse. The real business of the virtual world 
243 Virtual land in the metaverse and virtual worlds refers to digital plots or parcels of land that can be owned, bought, and 

sold by individuals or organizations. It allows users to create, interact, and monetise within these virtual spaces, offering 
opportunities for personal expression, social interactions, artistic creations, gaming experiences, virtual commerce, and 
investments. Virtual land ownership introduces a sense of digital scarcity and ownership rights, shaping the immersive 
experiences of users in the metaverse. 

https://doi.org/10.1007/s44163-022-00032-6
https://doi.org/10.1007/s44163-022-00032-6
https://www.forbes.com/sites/bernardmarr/2022/04/04/the-effects-of-the-metaverse-on-society/?sh=3554464d765b
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environments rely on a traditional financial system that uses financial intermediaries, and 
where all transactions are centralised in the platform. Traditional payment methods, like 
credit/debit card or PayPal, are still widely used, although they are being displaced by the 
use of cryptocurrencies244.   

Overall, the 180 VWs mapping exercise showed a trend that the latest platforms and 
technologies in VWs are aimed towards blockchain/Web3. This perception, in some 
respect, bridges the gap between the ‘virtual world’ and real life, where the items of an 
avatar (apartment, land, car, etc.) are as unique, and as real, as a user’s own apartment, 
land, or car. This is achieved through blockchain, which creates a unique history for each 
item, as is true of any item in real life. 

Figure 27. VW distribution by usage of NFTs and Virtual land 

Note: N = 180. Research conducted in January – April 2023. 
Source: Visionary Analytics, 2023. 

Devices, OS and accessories  

The devices on which a VW is accessible contribute to the success of the platform. The 
devices affect the level of immersion that the user can achieve, but it can also limit access 
to only those in possession of the specific device needed. During the mapping exercise, it 
was noted that most of the VWs are accessible via desktop or mobile devices (118 VWs 
(out of 180) and 73 VWs respectively), or by both simultaneously (62), while VR (68) and 
AR (19) headsets, gaming consoles (11) and specialised devices (11) are in considerably 
less use.  

On the one hand, some devices (VR, AR, or specialised input devices) can make the 
experiences or perspectives of the VW more real. For example, Virtual Battle Space (VSB) 
uses a lot of equipment to make its experience an ultimate virtual reality for the most 
effective application in training the army245. However, on the other hand, the need for such 
hardware to access the platform will reduce the pool of users to which it is accessible. Thus, 
the majority of VW are developed to be most accessible (meaning that they will be available 
for mobile devices or desktops, e.g., SecondLife, Roblox, Portals. At the same time, many 
platforms are also developing access to the VW with VR devices simultaneously (however, 
few VWs are only available using VR/AR devices, and not via desktop/mobile). More 
technical platforms have a clear market defined and will use VR/AR (ANSYS, SpaceVerse, 
Immersys), or desktop/mobile devices (Autodesk, Energy3D, PowerWorldSim), to conform 
with the needs of that particular audience.  

Infrastructure 

The infrastructure upon which each VW is built differs greatly depending on when it was 
built (technological advancement during years matters), for which purpose it was built and 
its technical development implemented during years. To gain a better understanding of the 
infrastructure used in VWs, we looked at factors, such as the type of cloud or edge 

 
244 McKinsey & Company, 2022. Value creation in the metaverse. The real business of the virtual world 
245 See: https://vbs4.com/ 
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computing used, the use of AI or streaming technologies, and the types of engines used in 
VWs. Some findings are as follows: 

• The VW mapping exercise revealed that Software as a Service and Gaming as a 
Service246 (SaaS – 94 VWs; GaaS – 25VWs) were the most commonly used and 
most user-friendly cloud computing infrastructures.  

• Streaming technologies (47 VWs), are mostly used by VWs focused on facilitating 
real online engagement between users, e.g., Hoppin‘ World, Twitch, Viverse.  

• AI is a new technology being developed and implemented in VWs (43 VWs), 
leveraging machine learning algorithms or AI customisation software, e.g., StarAtlas 
and IMVU. 

• Lastly, Unity and Unreal engines are the most popular among VWs, while more 
technical VWs, e.g., Concept3D, VBS, or Decentraland tend to use their own 
propietary engines.  

Each individual VW uses a combination of tools that fit their unique needs. For example, 
some VWs might adopt AI and blockchain, and be accessible via VR headsets, while others 
may adopt blockchain with no NFTs and accessible only via mobile devices. Modern 
technologies, while still in the early stages of development, are transforming VWs. Web3, 
blockchain, AI, NFTs, and cryptocurrency are booming, and seem to represent the future of 
VW in all senses. Blockchain, cryptocurrency, and Web3 are tightly connected in the form 
of a decentralised environment that promises to provide a more secure experience in the 
virtual world and, more generally, on the internet. Artificial intelligence pledges to help 
create a more realistic virtual world with fewer software complexities. Lastly, NFTs are the 
items that will make each user’s experience in VWs unique. 

  

 
246 Software as a Service (SaaS) offers fully managed virtual worlds that users can access and interact with over the 

internet. This eliminates the need for virtual world developers to build and manage their own infrastructure but also limits 
their ability to customise and control the virtual world.; Gaming as a Service (GaaS) offers cloud gaming solutions that 
allow users to stream and play high-end games without the need for high-end hardware. This can be used to run virtual 
worlds and other immersive experiences with high-end graphics and physics. 
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6. Conclusions and recommendations 

This study presented an analysis of the XR landscape, XR and virtual world-related public 
initiatives, emerging technologies, and their potential impact on XR and virtual worlds 
development, in addition to an overview of virtual worlds available in the EU. This section 
presents the key conclusions of the study and a set of recommendations for specific EU-
level policy measures and actions. The recommendations aim to foster the development 
and adoption of XR technologies, improve EU’s industrial competitiveness in particular in a 
zero-distance economy, as well as to support the XR ecosystem.  

Study conclusions and recommendations were derived from a combination of methods, 
including stakeholder consultations (i.e. 49 interviews, a Delphi survey of 109 experts), desk 
research (i.e. collection of background information on the XR industry in Europe across 
different ecosystems, identification of good practices, analysing emerging technologies 
relevant to XR, mapping virtual worlds), attendance of XR-related events, and were 
scrutinized by XR and EU policy experts during two online workshops. 

According to the analysis, six key themes emerged as the most prominent to conclude on. 
The recommendations following each conclusion are not presented in a ranked order as 
they would all have to be tackled in order to holistically address the underlying needs and 
barriers or take stock of the opportunities XR technologies have to offer. 

Provide a medium for fostering collaboration and exchange among 
stakeholders, as well as addressing current and future challenges related to 
XR and virtual worlds 

As refered to in Section 2.4.2 (Business barriers), the study found that the EU XR market 
is fragmented. Differences in regulation, preference for national or regional industries and 
entities divide the European market into smaller, national, or even regional or local 
components. This situation leads to difficulties in upscaling successful XR solutions and 
establishing businesses on a cross-national basis. 

At the same time, as described in Section 2.4.5 (Legal barriers), the industry is facing 
challenges with the uncertainties of the regulatory framework in the context of XR and 
virtual worlds. For example, the nature of the content produced for XR and virtual worlds 
complicates establishment of clear ownership and control of IP, as the current regulatory 
framework in the EU and at the global level does not properly define artistic content. In 
addition, the ethical implications of XR are largely unexplored (due to their complexity and 
novelty) and clear behavioural guidelines at the policy level are yet to be established. 
Moreover, data security and protection against cyber attacks provide additional legal 
challenges when handling sensitive data, which requires a strong regulatory framework to 
avoid misuse of data. 

Specific policy actions by the European Commission that could address this include the 
following:  

• Bringing together stakeholders into a policy body (e.g., working group, expert 
group, task force etc.) focusing on XR technologies related to virtual worlds. The 
body could focus on providing guidelines/ roadmaps for European policy, as well as 
for companies and practitioners detailing the procedures to be followed when 
testing, developing, validating, distributing, or applying solutions involving new 
technologies (including ethical, legal, data protection issues, among others). This 
could ensure that legislation and policy are not (far) behind the latest developments 
in XR and virtual worlds, and, furthermore, that they do not hinder the development 
of XR technologies. Alternatively, these functions could be also integrated into 
existing body(-ies) e.g., the VR/AR Industrial Coalition. 
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• Offering a platform (e.g., an observatory), or promoting an existing platform (e.g., 
European Cluster Collaboration Platform), to raise awareness of the different 
stakeholders and public and private initiatives across Europe in relation to XR and 
virtual worlds. Such a platform could serve as a space for exchange between 
existing community-building initiatives and stakeholders, creating synergies and 
coalitions. It could also serve to inform stakeholders about the progress and latest 
developments of the European industry and showcase unique emerging companies, 
use cases or initiatives.  

High-level expert group on AI or the various Observatories (on Blockchain, on the Online 
Platform Economy, or the Digital Media Observatory) could inspire the structure of such a 
body. It is also important to come up with a good model of cooperation between national, 
European, and pan-European stakeholders. 

Promote a globally-oriented EU XR industry 

EU players have limited importance in the global XR market as opposed to the influence 
exerted by non-EU actors. As described in Section 2.4.2 (Business barriers), American 
players dominate the platform landscape (at least in the Western market), with distributors 
such as Oculus Quest Store and Steam. The landscape of hardware manufacturers is more 
diverse with the US, Japan, China, and South Korea housing the biggest manufacturers 
(such as Oculus, Sony, HTC, Pico, etc). Dominance of non-EU players has direct 
consequences on XR-related content production and distribution, often limiting the ability of 
European creators and policymakers to shape the market. 

Specific policy actions by the European Commission (facilitated by Member States) that 
could address this include the following:  

• Facilitating the creation of an XR cluster connecting different stakeholders (large 
companies, SMEs, research organisations, education institutions, etc.). The cluster 
would allow to enhance cooperation, bring together European competencies and 
capabilities, and could provide better chances to compete with large global players. 
As a cluster, European entities could have a stronger position to enter into 
partnerships with key non-European players.  

 
The feasibility and potential interest from among the stakeholders in the creation of this 
cluster should be assessed by the European Commission beforehand. 

Ensure users’ awareness of XR technologies and access to talent for EU’s XR 
industry 

As refered to in Section 2.4.4 (Societal barriers), business professionals and/or end 
users lack awareness of XR technologies. Both groups across various sectors have 
limited knowledge about benefits that XR technologies can bring and their market potential 
in various markets. As a result, businesses and consumers do not integrate/purchase XR 
solutions as they do not know or are sceptical about their potential. In addition, businesses 
approach XR studios without a clear idea of how the technology can practically solve their 
existing issues and without knowledge of the costs/efforts implied for implementation, 
leading to sub-optimal results. 

There is also resistance from users in transitioning from a traditional to an XR solution 
(more details can be seen in Section 2.4.4). This is especially true in B2B applications, as 
company staff need to be effectively trained on how XR can impact their everyday work and 
why the company decided to use the new technology. Providing a clear rationale can help 
overcome the initial reluctance. 

https://clustercollaboration.eu/
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Finally, XR solution providers across various ecosystems lack staff with the required 
technical expertise to develop or help businesses to install and operate XR technologies. 

Specific policy actions that the European Commission could jointly initiate with Member 
States could address this include the following:  

• Develop a model and/ or guidelines for integrating XR as a part of different 
education programmes (not only in computer science, but also in engineering, 
architecture, medicine, business and management, natural sciences, art, etc.) at 
different education levels (including non-formal education). 

• Provide funding to strengthen existing XR-related programmes/ subjects, or 
establish new ones at tertiary education institutions in the EU at all levels – Bachelor, 
Master, and Doctorate studies. DG CNECT could allocate funding for XR-related 
study programmes/ subjects under the Digital Europe programme (under Strategic 
Objective 4), and/ or through the Erasmus+ programme. Such programmes could 
cover the whole range of skills from enabling technologies to the final user 
experience of XR applications. 

• Incentivise stakeholders (e.g. associations) across different industries to prepare 
trainings for people working in their industry on the use of XR applications and 
technologies and facilitate awareness-raising initiatives to communicate success 
stories (e.g., through pilot demonstrators and hands-on opportunities to test the 
technologies), and the specific benefits for XR users. Promote XR exhibitions, 
festivals, workshops, conferences, hackathons, competitions, networks, webinars, 
and public showcases to raise awareness of existing XR solutions and expand the 
potential user base. The Commission could also encourage current event organisers 
(e.g. Stereopsia, AWE, among others) to cooperate, in order to have a larger pan-
European event bringing most European stakeholders together. 

Increase funding and financing opportunities for XR entities at different 
growth stages 

Access to funding was highlighted as a key financial barrier impacting the adoption of XR 
technologies. XR financing analysis in Section 2.1.1 revealed a steady increase in private 
funding raised by XR companies in the EU since 2016. However, EU is behind other 
regions, such as the US, in terms of access to funding for XR companies. As described in 
Section 2.4.3 (Financial barriers), accessing private funding opportunities in the EU is also 
complicated, as European investors seem to be more risk-averse compared to e.g. 
American investors, and the market potential (e.g. data about the return on investment) of 
XR technologies is still unclear. In addition, private sector funding is more often available at 
the beginning of a venture, through seed or early-stage VC funding. This means that it is 
potentially more difficult for mid-size companies to finance their scale-ups. 

Public funding at EU- and national-level is often insufficient to meet the specific 
requirements of individual ecosystems (more details are provided in Section 2.4.3). While 
stakeholders often provided positive feedback about EU-level funding opportunities, such 
as Creative Europe, there is a need for more substantial budgets, as currently not all high-
quality proposals get funded, due to fierce competition. In addition, simplification of 
administrative requirements to the highest extent possible is needed, since SMEs and start-
ups particularly tend to struggle to find and allocate the resources necessary to apply for 
public opportunities. 

Specific policy actions that the European Commission, together with the EIB, could address 
this include the following:  

• Provide funding for the creation of a European venture capital fund dedicated to 
investments in XR companies and focusing not only on early phase, but on scaling-
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up as well. This fund could be set up and administered by the European Investment 
Bank, which manages similar measures funded through the European Regional 
Development Fund (e.g., the JEREMIE initiative247). In addition, a fund providing 
guarantees or other incentives for investors and XR businesses would promote the 
attractiveness of investing in XR.  

 

The European Commission should liaise with the EIB to discuss feasibility of such 
instruments. A working group consisting of DG CNECT, the EIB, DG RTD, and other 
relevant DGs could also be set up to either develop a new funding instrument, or to set 
up an XR-focused fund within the currently available funding instrument(s). 

• Continue and expand the focus on XR within existing support mechanisms, 
such as Horizon Europe, Creative Europe, and Digital Europe, which have been 
proven successful in promoting R&D and content development in XR. More specific 
adjustments could be made in the following areas: 

o Adjusting funding schemes targeting XR industry to reflect the 
multidisciplinary nature of the industry, and/ or facilitate the blending of 
different funding sources, for instance funding schemes addressing joint 
technical development of solutions and creative content components. 

o Supporting the scaling-up of companies with existing solutions with the 
potential to develop into XR hardware, platforms, or virtual worlds. XR should 
be targeted directly by flagship initiatives and be within the scope of the 
European Digital Innovation Hubs.  

o Increasing the number of small funding opportunities without highly specific 
requirements, and, with simple application procedures, reducing red tape 
and ensuring wider accessibility of these opportunities by all types of 
stakeholders active in XR development. 

Support XR standardisation efforts  

Insufficient standardisation efforts in the EU (and at the global level), as described in 
Sections 2.3.3 (Infrastructure needs) and 2.4.1 (Technological barriers), often result in 
issues related to interoperability, which hinder the possibility of developing new applications 
or monetisation of existing applications. Different hardware and software providers offer 
their proprietary solutions which may not be compatible with each other, further complicating 
standardisation efforts. 

Specific policy actions that the European Commission, together with relevant national 
authorities of Member States, could address this include the following: 

• Develop a European strategy for XR standardisation. The strategy should define 
EU’s aims in the global XR standardisation process, and foresee measures on how 
to achieve these aims (e.g., facilitating European stakeholder engagement in 
international standardisation processes). 

• Raise awareness about the situation in XR norming scene, available standards 
related to XR, working groups working on new standards, and similar topics among 
European stakeholders.  

Monitor the development of virtual worlds 

As can be seen from the overview of virtual worlds in Chapter 5, virtual worlds vary in terms 
of their users and domains targeted, business models, technologies used to run them, 
quantitative and qualitative impacts on people and businesses. Virtual worlds are also 
relatively new phenomena, thus their landscape is constantly changing. In addition, 

 
247 http://www.eif.europa.eu/what_we_do/resources/jeremie/index.htm  

http://www.eif.europa.eu/what_we_do/resources/jeremie/index.htm
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European Commission Communication on Web 4.0 and virtual worlds248 highlighted that it 
is crucial to keep up with the developments of virtual worlds, their impact on people, 
various types of industry users, market movements, and on new technological 
developments. 

Specific policy actions that the European Commission (or a policy body/ observatory, as 
proposed above) could address this include the following: 

• Periodically monitor the development of virtual worlds in the EU in a structured 
way, focusing at least on the number of virtual worlds in the EU, type of users 
targeted, application domains, business models, technologies used to run virtual 
worlds (including their accesibility), evidence about quantitative and qualitative 
impacts of virtual worlds on people and businesses. Further dimensions should be 
identified and added to the monitoring framework to capture any additional elements 
of virtual world evolution that are relevant to policymakers. 

 

 

 

 
248 Communication from the Commission to the European Parliament, the Council, the European Economic and Social 

Committee and the Committee of the Regions. An EU initiative on Web 4.0 and virtual worlds: a head start in the next 
technological transition, 2023 July 11. 
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Annexes  

Annex 1: Detailed methodological approach 

(Exploratory) Desk research 

Desk research was used throughout different project phases and tasks. Exploratory desk 
research helped to review and build upon the existing knowledge-base, in order to further 
develop operational questions, and improve the design of study methods. Exploratory desk 
research helped to develop the list of stakeholders that were engaged during the interviews, 
Delphi survey, and workshops. Desk research allowed to collect the background 
information on the XR industry in Europe across different ecosystems (Task 2), and prepare 
the directory of the XR industry associations (Task 3). In addition, desk research laid 
foundations to the Delphi survey, by analysing emerging technologies relevant for XR, and 
allowed to map virtual worlds (Task 5). The detailed approach to desk research, used for 
collecting data for each task, is presented in more detail below. The list of sources analysed 
is provided in Annex 2. 

Landscape analysis (Task 2) 

Desk research focused on market research reports, academic and web articles, relevant 
events’ outcomes, sectoral reports, academic papers, and project teams’ internal database 
of companies, encompassing all industrial ecosystems. To the extent possible, desk 
research focused on the 14 industrial ecosystems, as outlined in the European industrial 
strategy.249 This inclusive view ensures a thorough understanding of the breadth and depth 
of XR technology deployment and its implications for the future of European industry. 

While data collection started in parallel for all the industrial ecosystems, we first performed 
the pilot analysis for four selected ecosystems. The selection of the pilot sectors is mostly 
based on the existing project team’s experience, which facilitated research efforts. 
Therefore, the following industrial ecosystems were selected for pilot: Energy-intensive 
industries, Construction, Aerospace and defence, Cultural & creative industries, and Digital. 
For each sector the study team answered the research questions, providing an analysis of 
the importance of the ecosystem in the overall European XR landscape, with a focus on the 
level of deployment of XR technologies, most promising trends, applications, and domains, 
as well as main observed needs, challenges, and opportunities. 

All remaining sectors were analysed after the pilot analysis was completed. The 
methodological approach was organised into different phases. First, we identified various 
application areas of XR. The compilation of these applications was informed by previous 
studies and supplemented with an extensive review of the related literature. An illustrative 
summary of the principal application domains is delineated in the subsequent table.  

Table 15. Overview of the XR applications areas identified 

Classification of applications  

Content production 

Data visualisation and simulation 

Design 

 
249 https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/europe-fit-digital-age/european-industrial-

strategy_en  

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/europe-fit-digital-age/european-industrial-strategy_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/europe-fit-digital-age/european-industrial-strategy_en


 ZERO-DISTANCE XR APPLICATIONS AND SERVICES 

111 

Classification of applications  

Entertainment and cultural experiences 

Marketing, promotion, and sales 

Other  

Planning and process management 

Quality control, diagnosis, and maintenance 

Remote collaboration 

Training and education 

VR/AR/other technology provider  

Source: Authors’ own elaboration. 

Next, we conducted an in-depth analysis of the main exhibitors of VR/AR technologies at 
the most relevant European XR events. The exhibitors' solutions - their products, solutions, 
and services - were then categorised within a two-dimensional matrix, defined by two 
primary variables: application area and industrial ecosystem. This matrix provided a 
preliminary overview of the XR technological deployment within each industrial ecosystem. 
To further complement these findings, we interviewed key XR stakeholders in each 
industrial ecosystem. The aim was to obtain a range of perspectives and industry-specific 
insights. 

Finally, we conducted a comprehensive literature review for each industrial ecosystem, 
examining the current state of VR/AR usage, its benefits, and potential future applications. 
In addition, we also reviewed data gathered from over 30 companies within each 
ecosystem, accessed from public sources. This additional information deepened our 
understanding of XR usage, and its implications across different industries. 

Desk research was also used for the analysis of relevant EU financing databases to provide 
general descriptive statistics and a qualitative analysis on the types of XR projects financed, 
along with providing potential examples of good practices and contacts relevant for the 
interviews. Database was screened per relevant keywords (e.g., VR, AR, metaverse, XR, 
headset). The main data was extracted from Horizon 2020 and Horizon Europe project 
database. 

We have also analysed other relevant EU financing databases specific to particular 
ecosystems (e.g., Creative Europe for the cultural and creative sector), and manually 
checked other sources, such as EIT Digital and national cases to complement the financing 
analysis. The public funding databases analysis was complemented by other databases, 
such as Crunchbase and Dealroom, which provide data on start-ups and tech ecosystems. 
This data was also complemented with public procurement analysis from Tenders 
Electronic Daily (TED) from 2017 onwards, which is further described under Task 4 
(Inventory of public initiatives). 

Directory of XR associations (Task 3) 

The starting point of the directory was a list of XR industry associations in the EU Member 
States gathered as part of the study “extended Reality: opportunities, success stories and 
challenges (health, education)”, commissioned by DG CNECT, Unit G2. This directory of 
XR industry associations was created for the purpose of distributing the survey. The 
directory was compiled by searching for the XR-related associations on the internet and 
validating it with DG CNECT and project advisory board members. It can, therefore, be 
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considered an exhaustive list of XR industry associations in the EU Member States. This 
list collected by Visionary Analytics was reviewed and validated by Ecorys (who have 
already been in contact with many XR associations in previous assignments). In addition, 
the list also includes the main global associations (which is outside of the requested scope 
for this Task). 

Next, the project team identified associations in Horizon Europe associated countries 
(HEAC). We firstly employed desk research, by compiling a list of keywords in English 
relevant for finding such associations. We also translated the keywords into respective 
national languages, to facilitate the search of national sources. The long list of keywords in 
English is presented in the box below. 

 Keywords used for identifying associations via desk research 

a. Permanent keywords (do not change in every search): XR, VR, AR, MR, immersive 

technologies, metaverse, virtual worlds (incl. both abbreviations and full phrases). 

b. Country-specific keywords (used for searches focusing on different countries): all EU MSs 

separately, all HE-associated countries separately, as well as regional names, i.e., 

European, Baltic, Nordic, African, Asian. 

c. Words related to the type of entities: association, community, hub, institute, centre, alliance, 

forum, academy, initiative, cluster. 

In order to optimise the search, the keywords were applied using logical operators (AND, OR), to 

connect different groups of keywords (e.g., permanent + country-specific + entity-related). For 

example (XR OR extended reality OR VR OR virtual reality OR virtual-reality OR AR OR 

augmented reality OR MR OR mixed reality), AND (Lithuania), AND (association OR community 

OR hub OR institute OR centre OR alliance OR forum OR academy OR initiative). 

Once the search in English was completed, the process was repeated using search terms 

translated into the national languages (e.g., in Lithuanian: ‘išplėstinė realybė’ AND ‘asociacija’ 

AND ‘Lietuva’). 

The project team has also used additional strategies to identify relevant associations: 

• Checking if any association representatives participate in the events that we 
attended as part of Landscape analysis. 

• Checking if any associations are mentioned in the sources analysed during 
Landscape analysis. 

Furthermore, we used a combination of desk research, interviews, and ad-hoc contacts with 

associations (email or phone exchanges), to collect relevant information about all 

associations. The algorithm for collecting relevant information was as follows: 

• Desk research of publicly available sources was used to harvest all available 
information online – websites of associations, policy reports, news articles, 
conference materials, etc. 

• If some information was not available via desk research (e.g., Lead person, partners 
and members) – we contacted the associations directly via email and followed up 
with a phone call. 

The final directory contains 147 associations. 



 ZERO-DISTANCE XR APPLICATIONS AND SERVICES 

113 

Analysis of public initiatives, public procurement and funding 
opportunities (Task 4) 

The starting point of the directory of public initiatives was a list of public initiatives in the 
EU Member States gathered as part of the study “extended Reality: opportunities, success 
stories and challenges (health, education)”, commissioned by DG CNECT, Unit G2. This 
list was prepared by analysing XR-related opportunities, success stories, and challenges in 
the health and education sectors. The list was compiled using the following data collection 
methods: desk research, interviews, survey, public procurement analysis. 

This list was then complemented via desk research, interviews, and ad-hoc contacts (same 
approach as for the Directory of XR associations), to include public initiatives in HEAC. In 
addition, when contacting associations for the Directory of XR associations and other 
stakeholders for the Landscape analysis, we also took the opportunity to ask them whether 
they know of any policy initiatives in the countries they are active (notably, this was 
preceded by desk research – interviews were not the main elements of the approach). 

These public initiatives were analysed and compared, and their impact on the European XR 
industry and the EU internal market at large was assessed. In order to carry out this 
analysis, we collected the following information for each public initiative: 

• Geography (EU or HEAC) 

• Country 

• Contact details 

• Title of public initiative 

• Website 

• Description of public initiative 

• Type of initiative (policy measure, action, plan, instrument, etc.) 

• Actors involved in the implementation 

• Key actions foreseen 

• Expected impact (as described by the authorities themselves) 

• Foreseen funding 

• Share of project costs covered by the initiative per funded project 

• Timeline 

• Number/types of beneficiaries (link to the list of beneficiaries, if available) 

Out of the information collected as outlined above, we added additional analytical categories 
to facilitate data analysis: 

• Whether industry actors were involved in implementation or not 

• Whether educational institutions were involved in implementation or not 

• Whether the initiative had a specific geographic/area focus or not 
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• Whether the initiative had a specific industry focus or not 

• Primary area of intervention of the initiative – standardised categories that were 
derived using a bottom-up approach: 

o Adoption of XR/AR/VR solutions. Examples include using XR solutions to 
boost tourism by making cultural heritage accessible to a broader audience, 
facilitate training (including simulators in aerospace and defence and various 
educational applications), promote cohesion in local communities (such as 
through a virtual platform collecting citizens’ ideas on local area 
transformation), and address stress, pain, and mental health-related issues. 

o Access to XR/VR/AR infrastructure. These initiatives provide facilities 
(spaces, tools, laboratories, technology, etc.) for companies, startups, 
researchers, and individuals to create products, or gain expertise and 
knowledge in the field.   

o Promotion of XR/AR/VR solutions. These initiatives focus on the 
organisation of various events, such as festivals, workshops, conferences, 
hackathons, competitions, networks, webinars, and public showcases, to 
raise awareness of existing XR solutions and expand the potential user base.  

o Industry intermediation services. These initiatives offer a comprehensive 
set of services to the industry, including knowledge transfer, facilitating 
fundraising, networking, business mentorship, training, and research. They 
often provide access to XR infrastructure and organise promotional events.  

o XR/AR/VR-related education, training, and skill development. These 
initiatives concentrate on incorporating XR-related content into ICT 
educational curricula, or providing training themselves, to ensure the 
development of necessary skills.  

o Research and roadmaps. These initiatives are dedicated to conducting 
applied and fundamental research in the field of XR to catalyse the 
development and deployment of XR technologies. 

To aid desk research, we compiled a list of keywords in English relevant for finding such 
public initiatives. We have also translated the keywords into respective national languages 
to facilitate the search of national sources. The long list of keywords in English is presented 
in the box below. 

Keywords used for identifying public initiatives via desk research 

a. Permanent keywords (do not change in every search): XR, VR, AR, MR, immersive 
technologies, metaverse, virtual worlds, virtual (incl. both abbreviations and full phrases). 

b. Country-specific keywords (used for searches focusing on different countries): all EU MSs 
separately, all HE-associated countries separately, as well as regional names, i.e., European, 
Baltic, Nordic, African, Asian. 

c. Words related to the type of search: public initiative, initiative, policy, public policy, measure, 
action, plan, instrument. 

 

→ In order to optimise the search, the keywords were applied using logical operators (AND, OR) 
to connect different groups of keywords (e.g., permanent + country-specific + search-related). 
For example (XR OR extended reality OR VR OR virtual reality OR virtual-reality OR AR OR 
augmented reality OR MR OR mixed reality OR metaverse OR virtual world OR virtual), AND 
(Lithuania), AND (public initiative OR policy OR measure OR action OR plan OR instrument). 

→ Once the search in English was completed, the process was repeated using search terms 
translated into the national languages (e.g., in Lithuanian: ‘išplėstinė realybė’ AND ‘iniciatyva’ 
AND ‘Lietuva’). 
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The final directory contains 122 public initiatives. 

In addition to the directory of public initiatives, we also assessed the XR-related (including 
the virtual worlds) initiatives present in the directory, focusing on the following aspects: 

• Geographic distribution of initiatives (presence/absence of XR initiatives in certain 
countries/regions) 

• Comparison of initiatives in terms of their scope (e.g., objectives, timeline, budget, 
type of initiative, beneficiaries/target groups) 

• A general assessment of the impact the initiatives may have for the European XR 
industry and the EU internal market at large (e.g., if the initiative removes significant 
legal or other roadblocks to industry development, significant funding opportunities 
are available, etc.) 

We employed the same approach to produce the inventory of public initiatives in third 
countries (desk research, ad-hoc contacts, and interviews). In addition, in all of our contact 
efforts, we asked any associations or public authorities in the EU and HEA countries about 
any third-country public initiatives they may be aware of.  

We collected the following data on each of the public initiatives: 

• Geography (continent) 

• Country 

• Title of public initiative 

• Website 

• Description of public initiative 

The inventory of initiatives (48 initiatives in total) served as a long-list from which we 
selected a short list of 8 relevant initiatives on which we conducted case studies (see section 
on ‘Case studies below’).  

We have also employed desk research to map main funding opportunities for providers 
of XR solutions and technology (both hardware and software) at European-, national-, and 
regional-levels in EU MSs and HEAC. The analysis of funding opportunities also covered 
national recovery and resilience plans. 

We collected the following information for each funding opportunity: 

• Geography (EU or HEAC) 

• Title of funding opportunity 

• Website 

• Description of funding opportunity 

Out of the information collected as outlined above, we added additional analytical categories 
to facilitate data analysis: 

• Whether the funding opportunity had a specific sectoral focus or not 

• Whether the funding opportunity had a specific target group or not 
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• Whether information on budget of the opportunity was available or not 

To aid in desk research, we compiled a list of keywords in English relevant for finding such 
funding opportunities. We also translated the keywords into respective national languages 
to facilitate the search for national sources. The long list of keywords in English is presented 
in the box below. 

Keywords used for identifying funding opportunities via desk research 

a. Permanent keywords (do not change in every search): XR, VR, AR, MR, immersive 
technologies, metaverse, virtual worlds, virtual (incl. both abbreviations and full phrases). 

b. Country-specific keywords (used for searches focusing on different countries): all EU MSs 
separately, all HE-associated countries separately as well as regional names, i.e., 
European, Baltic, Nordic, African, Asian. 

c. Words related to the type of search: funding, loan, grant, financing, financial support. 
 

→ In order to optimise the search, the keywords will be applied using logical operators (AND, 
OR) to connect different groups of keywords (e.g., permanent + country-specific + search-
related). For example (XR OR extended reality OR VR OR virtual reality OR virtual-reality 
OR AR OR augmented reality OR MR OR mixed reality OR metaverse OR virtual world OR 
virtual), AND (Lithuania), AND (funding OR loan OR grant OR financing OR financial 
support). 

→ Once we exhaust the search in English, we will repeat the process using search terms 
translated into the national languages (e.g., in Lithuanian: ‘išplėstinė realybė’ AND 
‘finansavimas’ AND ‘Lietuva’). 

The final directory includes 92 funding opportunities. 

As for the data on public procurement, we have built on the outputs of the aforementioned 
study “extended Reality: opportunities, success stories, and challenges (health, 
education)”, which also produced an overview of public procurement related to XR. The 
study team was extracting information from Tenders Electronic Daily (TED), as well as 
national procurement databases in the case of HEAC, and collecting data on procurement 
published between January 2020 and December 2022, using a number of keywords, 
including extended reality, virtual reality, augmented reality, mixed reality, metaverse, virtual 
worlds, and immersive technologies. The team compiled the following information: 

• Country 

• Title of procurement 

• Document number in TED (only for EU procurement) 

• Link 

• Name of contracting authority 

• Type of contracting authority 

• The main activity of the contracting authority 

• The total value of the procurement 

• Publication date 

• Deadline of procurement procedure (if available) 

• Use case of procurement (Research (e.g., Lab, research project), or production (no 
mention of research) 
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• What is procured (devices, software, services)  

• Short description of what the procurement is buying  

• Any other important information, e.g., who the tender was awarded to, the country 
they are based in, and their subcontractors. 

Out of the information collected as outlined above, we added additional analytical categories 
to facilitate data analysis: 

• Currency conversions from national currencies to EUR 

• Standardised categories for use case of procurement: 

o Content production  

o Medical use  

o Entertainment and cultural or touristic experiences  

o Marketing, promotion and sales  

o Data visualisation and simulation  

o Research and development  

o Training and education 

• Industrial ecosystems concerned by the procurement 

In order to harvest information on the public procurement opportunities in the countries 
associated with Horizon Europe, we took the following two-step approach: 

• Contacted public authorities responsible for public procurement in each country, and 
asked them for an overview of public procurement related to XR. 

• If the authorities did not reply or did not provide information (which was the case for 
all of the countries), we looked at online public procurement websites and using 
machine translation tools searched manually for relevant public procurement entries 
(using the same approach as we adopted for the analysis of information available 
on TED). 

The final database contains 404 entries in the EU Member States and 403 entries in HEAC. 

Forward-looking analysis (Task 5) 

During the desk research, XR virtual worlds (VW) available in the EU were mapped. To 
conduct the mapping, VWs were searched across the internet (e.g., through Google search, 
ChatGPT). Additionally, interview respondents were asked if they were aware of any virtual 
worlds. The focus mostly was primarily on the identification of VWs with industrial 
applications.  

Once the VWs were identified, desk research was conducted for each of them to gather 
information about the following features: 

• Date of creation and developer 

• Approximate size of the community (overall and monthly active users) 
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• Type of users (businesses, citizens, and public sector) 

• Domains where virtual worlds exist: 

o Industrial: if the VW can be applied in the industrial ecosystem. Industrial 
ecosystems are as follows: aerospace and defence, agri-food, construction, 
cultural and creative, digital, electronics, energy-intensive industries, energy-
renewables, health, mobility – transport – automotive, proximity, social 
economy and civil security, retail, textile and fashion, and tourism.250  

o Education: if the VW can be used for educational purposes, such as medical 
students learning surgical procedures. 

o Entertainment: if the VW can be used for gaming or social applications. 

• Business Model: 

o Main business partners  

o Investments in the VW 

o Accessibility (free, freemium, subscription-based, or other) 

o Commercialisation (VW purchase, advertising, goods, and services (selling 
goods and services through VW)) 

• Technologies used to run virtual worlds, including: 

o Payments, monetisation, and identity  

• Non-Fungible Tokens (NFTs) - Unique digital assets used to 
represent virtual goods and services in the VW, bought, sold, and 
traded on blockchain marketplaces. 

• Virtual land – Platforms, such as Decentraland, Somnium Space, and 
Cryptovoxels, allow users to buy and own virtual land in the VW, 
enabling the creation and monetisation of virtual experiences. 

• Payment gateways (PayPal, Stripe, Amazon Pay, Apple Pay, Bitcoin, 
other cryptocurrencies, Google Wallet, Skrill, Square, custom 
payment solutions) 

• Web 2/Web 3 (centralised -Web 2.0 or decentralised -Web3) 

o Devices, operating systems (OS), and accessories 

• Desktop computers – VW experiences can be accessed using 
standard desktop computers running operating systems, such as 
Windows, MacOS, or Linux 

• Mobile Devices – VW experiences can also be accessed using 
mobile devices, such as smartphones and tablets, running on 
operating systems, such as iOS and Android. 

 
250 For more detailed description of each ecosystem see: https://commission.europa.eu/system/files/2021-05/swd-annual-

single-market-report-2021_en.pdf  

https://commission.europa.eu/system/files/2021-05/swd-annual-single-market-report-2021_en.pdf
https://commission.europa.eu/system/files/2021-05/swd-annual-single-market-report-2021_en.pdf
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• Virtual Reality Headsets - VR headsets, such as Oculus Quest, 
Oculus Rift, HTC Vive, and PlayStation VR, can be used to immerse 
in the VW, and interact with it in a more realistic way. 

• Augmented Reality Devices - AR devices, such as Microsoft 
Hololens, Magic Leap, and Nreal Light, can be used to overlay virtual 
elements onto the real world. 

• Gaming Consoles - such as Xbox, PlayStation, and Nintendo Switch, 
can be used to access VW experiences, often with the use of 
specialised controllers and accessories. 

• Specialised Input Devices - Accessories such as hand controllers, 
gloves, and bodysuits can be used to track and control the user's 
movements within the VW. 

o Infrastructure 

• Cloud computing - The VW requires large amounts of data storage 
and computing power, and cloud computing solutions, such as 
Amazon Web Services, Microsoft Azure, and Google Cloud, provide 
the necessary infrastructure and scalability to support it. There are 
several solutions: 

o Infrastructure as a Service (IaaS) allow users to rent 
virtualised computing resources, such as servers, storage, 
and networks, on-demand. This allows virtual world 
developers to easily scale their infrastructure, to meet the 
demands of a growing user base. 

o Platform as a Service (PaaS) offers a platform for developers 
to build, run, and manage their applications without having to 
worry about the underlying infrastructure. This can be useful 
for virtual world developers who want to focus on creating the 
virtual world itself, rather than managing the underlying 
servers and networks. 

o Software as a Service (SaaS) offers fully managed virtual 
worlds that users can access and interact with over the 
internet. This eliminates the need for virtual world developers 
to build and manage their own infrastructure, but also limits 
their ability to customise and control the virtual world. 

o Gaming as a Service (GaaS) offers cloud gaming solutions 
that allow users to stream and play high-end games without 
the need for high-end hardware. This can be used to run 
virtual worlds and other immersive experiences with high-end 
graphics and physics. 

• Edge computing - Enables data processing and storage closer to the 
end user, reducing latency, and improving the overall user 
experience. 

• Artificial intelligence - Used to improve the performance and 
functionality of virtual worlds’ experiences. Examples include natural 
language processing, computer vision, and machine learning. 



ZERO-DISTANCE XR APPLICATIONS AND SERVICES  
 

120 

• Streaming technologies - Can be used to deliver VW experiences in 
real-time, allowing users to access them from anywhere with an 
internet connection. 

• Engine technology refers to the software systems that power virtual 
worlds, and provide the technical foundation for creating and 
operating virtual environments. This includes tools, libraries, and 
APIs for creating and running simulations, animations, and 
interactive experiences. Popular engine technologies include Unity 
and Unreal Engine. 

o Evidence about quantitative and qualitative impacts  

o Short description of the VW. 

This resulted in the database of the virtual worlds available in Europe and their key features 
and a general overview of what was collected in the database (see overview in Chapter 5). 

As for mapping the emerging technologies, desk research has identified the following fields 
of emerging technologies relevant for XR and virtual worlds: 

• Novel photonic technologies for displays 

• Optics and sensing (incl. Haptic solutions) 

• Connectivity (5G and 6G, Wi-Fi 6/7) 

• Edge computing (edge-offloading) 

• Cloud computing (AR/VR cloud, hybrid cloud) 

• Advanced semiconductor chips (devices, efficiencies, capabilities) 

• Graphene and metamaterials 

• Blockchain 

• AI 

We built on the work done during the preparation of the project and continued desk research 
in these technology fields and any new unidentified technology fields. Desk research 
focused on the following main questions: 

• What potential do different technologies have on the development of metaverse251 
and the adoption of XR? 

• How can they help overcome the current challenges of metaverse development and 
XR adoption? 

This resulted in the overview of emerging technologies, highlighting its potential for XR and 
virtual worlds. 

 
251 In the report we used term virtual worlds to be in line with the vocabulary used in Communication adopted by the 

European Commission on 11 July 2023, setting out a strategy focusing on Web 4.0 and virtual worlds. 
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Interviews  

Interviews were carried out as part of landscape analysis (Task 2) and analysis of XR- and 
virtual world-related public initiatives in EU and HEAC (Task 4). The interviews allowed us 
to deepen the knowledge accumulated through desk research and fill in any remaining 
information gaps. In total 49 interviews were implemented involving stakeholders from 15 
EU Member States and six non-EU countries. 

In Annex 3, we provide a list of a total of 49 interviews from different organisations across 
industrial ecosystems. The interview questionnaire used for Task 2 interviews is presented 
in Annex 4. The questionnaire for Task 4 did not have a standard questionnaire as 
interviews were specific based on the information available about each public initiative 
analysed. The interviews followed a semi structured format, allowing stakeholders from 
different industrial ecosystems share inputs relevant for their respective expertise. For each 
interview a briefing of the study, its key objectives, and scope were provided to the 
interviewee. The set of questions acted as guidance for the main themes to be covered, 
however the specific questions were tailored to each specific industrial 
ecosystem/interviewee. 

Events attendance  

Events attendance allowed us to collect complementary information and latest insights not 
yet available in literature, to understand the dynamism of different XR hubs in Europe, to 
learn about the latest discussions and challenges faced by the industry first-hand, and also 
to engage with different stakeholders. The table below contains the list of 12 XR events that 
were attended during the implementation of the study. 

Table 16. Overview of XR events attended during implementation 

Event  Venue  Dates  
Industrial 
ecosystems   

Description  

Microsoft 
HoloLens 
Healthcare 
Industry Forum 

 Online 07/06/2022 Healthcare  

The goal of the HoloLens Industry 
Forum is to create a community of 
organizations excited by how 
HoloLens is being used to 
transform business and Industry. 

Stereopsia  

Brussels, 
Belgium  

17/10/2022  

 Horizontal  

Stereopsia is one of the most 
prominent XR events in Europe. It 
gathers all type of stakeholders, 
such as entrepreneurs, investors, 
content creators, scientists, and 
audiences seeking the latest 
industry developments.  

19/10/2022  

AWE EU 2022  
Lisbon, 
Portugal  

20/10/2022  
Horizontal  

Biggest XR event & exhibition in 
Europe.  21/10/2022  

IIOT World 
Industrial 
Metaverse Day  

Online 26/10/2022  
Industrial, 
Metaverse  

The event will bring together 
Industrial (IoT), AR, AI, and VR 
experts to share insights on 
Industrial Metaverse.  

VRARA 
Healthcare 
Forum 2022  

Online  28/10/2022  Healthcare  

The forum aims to bring together 
the top thought-leaders and reflect 
on best practices, case studies, 
and ROI for immersive tech in 
healthcare. World's top hospitals, 
clinics, doctors, nurses, 
healthcare providers, and vendors 
will participate in this virtual 
forum.  

https://stereopsia.com/
https://metaverse.iiotday.com/
https://metaverse.iiotday.com/
https://metaverse.iiotday.com/
https://hopin.com/events/vrara-healthcare-forum-2022/registration?_ga=2.111174148.146196510.1670233369-697573870.1666936642&_gl=1%2A1icrg0t%2A_ga%2ANjk3NTczODcwLjE2NjY5MzY2NDI.%2A_ga_12DBRPGYPY%2AMTY2OTEwNjAxMS4zLjEuMTY2OTEwNjA2NS4wLjAuMA..
https://hopin.com/events/vrara-healthcare-forum-2022/registration?_ga=2.111174148.146196510.1670233369-697573870.1666936642&_gl=1%2A1icrg0t%2A_ga%2ANjk3NTczODcwLjE2NjY5MzY2NDI.%2A_ga_12DBRPGYPY%2AMTY2OTEwNjAxMS4zLjEuMTY2OTEwNjA2NS4wLjAuMA..
https://hopin.com/events/vrara-healthcare-forum-2022/registration?_ga=2.111174148.146196510.1670233369-697573870.1666936642&_gl=1%2A1icrg0t%2A_ga%2ANjk3NTczODcwLjE2NjY5MzY2NDI.%2A_ga_12DBRPGYPY%2AMTY2OTEwNjAxMS4zLjEuMTY2OTEwNjA2NS4wLjAuMA..
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Event  Venue  Dates  
Industrial 
ecosystems   

Description  

GatherVerse 
Legal & 
Governance 
Summit 

Online 02/11/2022 Horizontal 

The Legal & Governance Summit 
will explore the legal and 
governance aspects of the virtual 
worlds with speakers from various 
fields and backgrounds. The 
summit aims to promote a 
humanity-first approach towards 
building the virtual world. 

Xrcon  Online  

17/11/2022  

Horizontal  

The conference covers the topics 
of virtual and augmented reality, 
from the academic and tech world 
to the business world with relevant 
use cases. The XRcon is 
completely online and addressed 
to professionals, members of a 
start-ups or companies, students, 
or anyone interested in XR.  

18/11/2022  

VR Days 
Europe/ 
Immersive 
Tech Week  

Rotterdam, 
Netherlands  

28/11/2022  

Horizontal  

Immersive Tech Week is a festival 
where creativity, innovation, 
business, research, and art meet 
to explore the impact of immersive 
technologies on our planet, 
culture, and society.  

02/12/2022  

Virtual World 
Symposium. 
GatherVerse 
Campus  

Online  

20/09/2022  

Horizontal  

GatherVersi is a global ecosystem 
where communities gather, 
discuss, document, and share 
human-centred approaches to the 
virtual worlds.  

21/09/2022  

Metaverse 
Safety Week  

Online  

10/12/2022  

Metaverse  

The Metaverse Safety Week is an 
international community effort, led 
by the XR Safety Initiative, 
featuring industry leaders from 
around the world and spanning 
five days.  

15/12/2022  

Art and the 
Metaverse: 
From Creation 
to Market  

London, UK  14/02/2023  
Creative & 
Cultural 
Industry  

In this insights live webinar, the 
panel will investigate the biggest 
questions surrounding the growth 
of the virtual worlds’ art world. The 
potential discussion will surround 
the process of making and selling 
art in the virtual worlds, the growth 
of AI generators, and the value of 
art as a commodity in the digital 
economy.  

Virtuality 2023  Paris, France  
16/03/2023  Horizontal, 

Metaverse  
Professional trade show dedicated 
to WEB3 and Metaverse.  17/03/2023  

Source: Authors’ own elaboration. 

Case studies  

Case studies of the eight selected public initiatives in third countries compared public 
initiatives, and assessed their potential impact for the XR industry at a global-level, and in 
particular for the EU strategic autonomy. Initiatives from the following countries were 
analysed: United Kingdom, South Korea, US, UAE, Australia, Argentina, South Africa, and 
Brazil. Please see Annex 6 for full case studies and Table 13 for an overview of the selected 
initiatives. 

In order to select the 8 most relevant initiatives for analysis, we used the following selection 
criteria: 

• Key actions foreseen 

• Foreseen funding  

https://gatherverse.org/lgs/
https://gatherverse.org/lgs/
https://gatherverse.org/lgs/
https://gatherverse.org/lgs/
https://vrdays.co/
https://vrdays.co/
https://vrdays.co/
https://vrdays.co/
https://metaversesafetyweek.org/about/
https://metaversesafetyweek.org/about/
https://www.virtuality.fr/
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• High expected impact 

• The largest potential for scale-up (as described by the authorities themselves) 

• Geographical balance (at least one initiative per continent)  

Each case study relied on desk research and followed a structured approach. The structure 
of each case study included the following components: 

• Overview: Basic information about the initiative: geographic area, country, and 
website (if available). 

• Objectives and Scope: Description of the initiative's objectives, scope, actors 
involved in the implementation, timeline, and details of the budget and funding 
available. 

• Assessment of the impact of the initiative: Assessment of the initiative's impact, 
considering factors, such as successful implementation, potential for scaling up, and 
addressing important barriers, gaps, ecosystems, or technologies of strategic 
importance to the EU. The goal is to determine if the initiative can serve as a good 
example for addressing similar challenges in the EU. 

Additionally, one to two interviews with the public authorities responsible for the public 
initiative were envisioned for each case study. As of delivery of this report: 

• An interview with Digital Catapult (UK) has been conducted on April 3, 2023. 

• An interview with Electric South (South Africa) has been conducted on April 14, 
2023. 

• An interview with Queensland XR Hub (Australia) has been conducted on May 3, 
2023. 

• Written input was obtained from Metaverse Seoul (South Korea) on May 3, 2023, 

• Representatives from the remaining four case studies were all invited for an 
interview, but the study team did not receive a response. 

After preparing the first draft of the case study, we sent it to key stakeholders for verification 
of factual data, whenever they requested to see the case study. This ensured that factual 
data on the initiative is accurate and complete. After the cases were drafted, cross-case 
analysis was the basis for the assessment of the impact that they may have at a global-
level for the XR industry, and, in particular, for the EU strategic autonomy.  

Delphi survey  

Delphi survey helped to assess the role XR technologies will play in the EU industry by the 
end of the current decade and identify the lines of research and emerging paradigms with 
the greatest potential to break through current technology limitations and accelerate the 
wider uptake of XR.  

The survey was conducted in two rounds with the same group of people. There were 109 
responses to the first round of the Delphi survey. The second round Delphi survey was filled 
by 23 respondents. During the first round XR experts were asked to predict how the XR 
market can change by 2030, evaluate the likelihood of opportunities and challenges, and 
rate emerging technologies. During the second round of the Delphi survey, the experts 
(respondents) received the results from the previous round to allow them to learn from one 
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another, and build consensus among themselves. It was conducted anonymously to prevent 
the discussion from being dominated by one individual and to allow each expert to give their 
honest opinion. The Delphi survey was carried out in four stages: 

• Preparatory stage involved the development of the questionnaire, identification of 
experts, and piloting of the questionnaire. The first round of the questionnaire was 
piloted with three XR experts and five thematic experts. The questionnaires focused 
on two different parts based on the research questions: 

o Role of the virtual worlds252 and XR in the future of the EU industry. We 
identified challenges and opportunities that the virtual worlds, and the wider 
take-up of XR technologies, could offer to the EU industry. Respondents 
were asked to rank the likelihood of these opportunities materialising, and to 
select sectors and application domains where the impact of these 
opportunities would be the largest.  

o Emerging technologies with the potential to have an impact on the 
development of the virtual worlds and wider adoption of XR. This section 
listed the identified technologies and asked respondents to rate their 
importance in the development of virtual worlds and increasing adoption of 
XR, the likelihood that they will overcome different challenges of virtual 
worlds’ development and XR adoption, and the importance of research and 
innovation activities to exploit their potential in relation to virtual worlds and 
XR.  

• First round of Delphi survey was managed through Alchemer™. A total of 617 XR 
and virtual worlds experts were invited to fill in the survey via email. This was 
followed by two reminders. In addition, the invitation was broadly shared on social 
media platforms (LinkedIn, Facebook), and disseminated via XR associations. 
There were 109 responses to the first round of the Delphi survey, out of which 52 
respondents fully filled out the questionnaire and 57 partially filled it (meaning that 
portion was left blank). Answers to the survey (see Annex 3) showed the level of 
consensus among the surveyed experts, the most popular and the most extreme 
(rare) answers. 

• Second round of Delphi survey. There were 77 XR experts, who agreed to be 
contacted for the second round, and were invited to fill in the second round of the 
Delphi survey. Along with the questions, experts received a short summary of the 
results from the previous round. During the second round, experts were asked to 
assess the results of the first round and evaluate the likelihood of answers received 
in open-ended question text boxes. In this way, the stability of opinions was 
measured. In addition to the invitation, we sent two reminder emails. The second 
round Delphi survey was filled by 23 XR respondents (16 complete and 7 partial 
answers). 

• Results from both rounds of the Delphi survey were collected and transformed into 
a coherent narrative that outlines experts’ views on the role of XR in the future of the 
EU industry and the emerging technologies and their potential impact on XR. 

Online workshops 

The study was supplemented by two online workshops. One was held on June 15, 2023, 
and dedicated to validating the preliminary findings of the study and discuss the alternatives 
and suggestions for policy recommendations. The summary of workshop discussions is 

 
252 The survey questionnaire used term metaverse, but the report was revised to be in line with the vocabulary used in 

Communication adopted by the European Commission on 11 July 2023, setting out a strategy focusing on Web 4.0 and 
virtual worlds. 
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presented in Annex 7. The second workshop is scheduled for September 19, and will be 
dedicated to presenting and discussing the final study results. The table below briefly 
outlines the concept of the first workshop. 

Table 17. Concept of the workshop 
Aim To discuss, validate, and gather ideas for study recommendations. 

Duration 2.5 hours, which is optimal duration to keep the participants’ attention, and ensure their high 
engagement throughout the whole event. 

Organisation • The workshop was carried out online, via MS Teams.  

• The workshop was moderated by experienced project team members (Audronė 
Sadauskaitė, Jonas Antanavičius, Alexandros Vigkos) 

• Visionary Analytics technicians were responsible for solving any technical issues.  

• The event were summarised in the form of the minutes (see Annex 7). 

Agenda (1) Introduction to the discussion: (45 min.) Introductory word. Objectives of the discussion. 
Presentation of the study results. 
(2) Two parallel discussions (moderated by project team members): (~1 h) Discussion on 
the findings. Discussion about the initial recommendations and the potential suggestions for 
recommendations. 
(3) Wrap-up discussion: key conclusions and next steps (30 min).  

Participants • Workshop participants covered the following areas of expertise: academics, 
technologists, developers/marketers, investors in XR tech, owners/company 
managers, industry representatives, policy makers. People that we kept in touch during 
the project (Delphi survey, interview respondents) are one of the main sources for 
identifying workshop participants. 

• The first workshop included 25 participants. The parallel discussions were organised in 
two separate groups of 12-14 participants.  

• Participants were asked for consent to participate in the research. 

Source: Authors’ own elaboration.  
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Annex 2: List of sources for desk research 

Reports: 

Augmented Reality (AR) in Healthcare – Thematic Research (2022) 

Building responsible, safe and inclusive extended reality ecosystems (the metaverse) (2022) 

Demystifying the metaverse (2022) 

Digital Catapult Annual Engagement & Impact Report 2021-2022 (2022) 

Digital Catapult Progress Report (2022)  

EU Blockchain Observatory and Forum (2022) 

European video games industry insights report (2019) 

Extended Reality in global business services – The metaverse may be our next destination (2022) 

Extended Reality Technologies (2022) 

Extended Reality: Merging the Real and Virtual World for Government (2021) 

Final Research Agenda (2020) 

Future is here, Global XR industry insight (2022) 

Future of Extended Reality (2022) 

Immersive economy report (2022)  

Manifest Metaverse – A realistic look at the next digital frontier (2022) 

Map of funding sources for XR technologies (2019) 

Metaverse: Opportunities, risks and policy implications (2022) 

Policing in the metaverse: what law enforcement needs to know (2022) 

Public Procurement Indicators (2020)   

Revised Landscape Report 2020 (2020)  

Seeing is believing (2020) 

State of the EU XR funding: Toolkit (2019) 

The immersive economy in the UK (2019)   

The Metaverse in 2040 (2022) 

The state of Augmented Reality, Mixed Reality and Virtual Reality adoption and use in European small and 
medium-sized enterprises (2020) 

The state of the metaverse in 2022 – Building an open world (2022) 

UK Digital Strategy (2022)  

Value creation in the metaverse – The real business of the virtual world (2022) 

Virtual world, real challenges (2022) 

Virtual Worlds, real risks and challenges (2021) 

VR/AR Industrial Coalition, Strategic paper (2022) 

VRAR association different publications, Industry Sector Reports and ecosystem reports repository  

XR and its potential for Europe (2021) 

XR4ALL COVID19 Survey: Impact on XR in Europe (2020) 

Market reports: 

ARVR Market research report – Global forecast till 2027 (2021) 

Augmented Reality and Virtual Reality Market with COVID-19 Impact Analysis Global Forecast to 2025 
(2021) 

A whole new world? Exploring the metaverse and what it could mean for you (2022) 

https://www.researchandmarkets.com/reports/5610487/augmented-reality-ar-in-healthcare-thematic?utm_source=BW&utm_medium=PressRelease&utm_code=g78stt&utm_campaign=1721053+-+2022+Research+Report+on+Augmented+Reality+(AR)+in+Healthcare+-+Players+Include+Beyeonics%2c+Brain+Power%2c+CAE+Healthcare+and+EchoPixel&utm_exec=jamu273prd
https://xrsi.org/research-standards
https://www.pwc.com/us/en/tech-effect/emerging-tech/demystifying-the-metaverse.html
https://www.digicatapult.org.uk/expertise/publications/post/annual-report-2022/
https://www.digicatapult.org.uk/wp-content/uploads/2022/11/Digital-Catapult-AR22-FINAL-2.pdf
https://www.eublockchainforum.eu/sites/default/files/reports/Metaverse_Report_Final_1.pdf
https://www.egdf.eu/wp-content/uploads/2021/08/EGDF_report2021.pdf
https://www2.deloitte.com/content/dam/Deloitte/us/Documents/process-and-operations/us-extended-reality-in-global-business-services-the-metaverse-may-be-our-next-destination.pdf
https://www.gao.gov/assets/gao-22-105541.pdf
https://www.accenture.com/_acnmedia/PDF-166/Accenture-Federal-Extended-Reality-POV.pdf
https://xr4europe.eu/wp-content/uploads/XR4ALL_FinalResearchAgenda_2020_public.pdf
https://www2.deloitte.com/content/dam/Deloitte/cn/Documents/technology-media-telecommunications/deloitte-cn-tmt-metaverse-report-en-220321.pdf
https://assets.kpmg/content/dam/kpmg/au/pdf/2022/future-of-XR-white-paper.pdf
https://thedatacity.com/insight/2022-immersive-economy-report/
https://assets.ctfassets.net/puoqjhq4x55s/3HA2wdZomntjLoUvdTclbl/c522caf587c99fc12a2d0fffbd78b56d/Metaverse_Report_-_Thought_Leadership__1_.pdf
https://xr4europe.eu/wp-content/uploads/Map.pdf
https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2022)733557
https://www.europol.europa.eu/publications-events/publications/policing-in-metaverse-what-law-enforcement-needs-to-know
https://ec.europa.eu/docsroom/documents/54236
https://xr4europe.eu/wp-content/uploads/XR4ALL_RevisedLandscapeReport_2020_public.pdf
https://www.pwc.com/gx/en/technology/publications/assets/how-virtual-reality-and-augmented-reality.pdf
https://xr4europe.eu/wp-content/uploads/State.pdf
https://www.digicatapult.org.uk/wp-content/uploads/2019/11/The_immersive_economy_in_the_UK_2019_Report_November2019.pdf
https://www.pewresearch.org/internet/wp-content/uploads/sites/9/2022/06/PI_2022.06.30_Metaverse-Predictions_FINAL.pdf
https://vam-realities.eu/wp-content/uploads/VAM-Realities_Survey-Report.pdf
https://vam-realities.eu/wp-content/uploads/VAM-Realities_Survey-Report.pdf
https://nextrope.com/wp-content/themes/nextrope/assets/files/metaverse.pdf
https://www.gov.uk/government/publications/uks-digital-strategy/uk-digital-strategy#annex
https://www.mckinsey.com/~/media/mckinsey/business%20functions/marketing%20and%20sales/our%20insights/value%20creation%20in%20the%20metaverse/Value-creation-in-the-metaverse.pdf
https://www.consilium.europa.eu/media/54987/metaverse-paper-9-march-2022.pdf
https://xrsi.org/research-standards
https://op.europa.eu/en/publication-detail/-/publication/9aaef6fd-28db-11ed-8fa0-01aa75ed71a1
https://www.thevrara.com/casestudiesandwhitepapers
https://xreuropepotential.com/assets/pdf/ecorys-xr-2021-report.pdf
https://xr4all.eu/xr4all-covid-19-survey-impact-on-xr-in-europe/
https://www.marketresearchfuture.com/checkout?currency=one_user-USD&report_id=6884
https://www.businesswire.com/news/home/20210111005575/en/Augmented-Reality-and-Virtual-Reality-Market-with-COVID-19-Impact-Analysis---Global-Forecast-to-2025---ResearchAndMarkets.com?utm_source=forbes&utm_medium=sponsoredpost&utm_campaign=ecosystem1h21&utm_content=forbes-editorial-augmented-reality-and-virtual&utm_id=7010e000001KprmAAC
https://www.businesswire.com/news/home/20210111005575/en/Augmented-Reality-and-Virtual-Reality-Market-with-COVID-19-Impact-Analysis---Global-Forecast-to-2025---ResearchAndMarkets.com?utm_source=forbes&utm_medium=sponsoredpost&utm_campaign=ecosystem1h21&utm_content=forbes-editorial-augmented-reality-and-virtual&utm_id=7010e000001KprmAAC
https://www2.deloitte.com/content/dam/Deloitte/us/Documents/technology/us-ai-institute-what-is-the-metaverse.pdf
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Extended Reality (XR) Market – Growth, Trends, Covid-19 Impact, and Forecast (2022 – 2027) 

The European market potential for VR and AR services (2021)   

Global Extended Reality (XR) Market Report, History and Forecast 2016 – 2027 (2021) 

Value creation in the metaverse. The real business of the virtual world (2022) 

Report Ocean: Europe Extended Reality Market Europe – Industry Dynamics, Market Size and 
Opportunity Forecast to 2030 (2022) 

Virtual Reality Market Size, Share & Trends Analysis Report (2021) 

Academic articles: 

5G networks towards smart and sustainable cities: A review of recent developments, applications and future 
perspectives (2021) 

Advanced Study of Optical Imaging Systems for Virtual Reality Head-Mounted Displays (2023)  

AI in eHealth: Human Autonomy, Data Governance and Privacy in Healthcare (2022) 

An application-based review of haptics technology (2021) 

Application of virtual and augmented reality in automotive (2020) 

Artificial intelligence for the metaverse: A survey (2022) 

A Review of Extended Reality (XR) Technologies for Manufacturing Training (2020) 

A review towards AI empowered 6G communication requirements, applications, and technologies in mobile 
edge computing (2022) 

A survey of blockchain from the perspectives of applications, challenges, and opportunities (2019) 

A Systematic Literature Review on Extended Reality: Virtual, Augmented and Mixed Reality in Working Life 
(2021) 

AUTOC-AR: A Car Design and Specification as a Work Safety Guide Based on Augmented Reality 
Technology (2020) 

BIM-Based Digital Twin and XR Devices to Improve Maintenance Procedures in Smart Buildings: A 
Literature Review (2021) 

Cloud-based XR services: A survey on relevant challenges and enabling technologies (2022) 

Comparative Case Study of Teamwork on Zoom and Gather Town (2023) 

Design and evaluation of a novel interactive firefighter clothing with multiple functionalities (2023) 

Designing for Wide Adoption: An Inexpensive and Accessible Extended Reality (XR) Device (2023) 

Digital Consumer Engagement on Blockchain-based Metaverse Platforms: Extended Reality Technologies, 
Spatial Analytics, and Immersive Multisensory Virtual Spaces (2022) 

Ergonomics in the Industry 4.0: Virtual and Augmented Reality (2018) 

Evaluating the Impact of Virtual Reality on Design Review Meetings (2020) 

Explore Challenges and Benefits of Virtual Reality in Construction Projects (2022) 

Extended Reality (XR) Remote Research: a Survey of Drawbacks and Opportunities (2021) 

Extended reality applications in industry 4.0. – A systematic literature review (2022) 

Extended reality technologies in small and medium-sized European industrial companies: level of 
awareness, diffusion and enablers of adoption (2022) 

Evolution of 5G mobile broadband technology and multimedia services framework (2019) 

Extremely interactive and low-latency services in 5G and beyond mobile systems (2021) 

Fashion inspiration and technology: virtual reality in an experimental apparel design classroom (2021) 

Food 4.0: Implementation of the Augmented Reality Systems in the Food Industry (2019) 

Getting rid of cybersickness. Virtual Reality, Augmented Reality, and Simulators (2020) 

https://www.mordorintelligence.com/industry-reports/extended-reality-xr-market
https://www.cbi.eu/market-information/outsourcing-itobpo/virtual-and-augmented-reality-services/market-potential
https://www.marketresearchguru.com/global-extended-reality-xr-market-18662062
https://www.mckinsey.com/capabilities/growth-marketing-and-sales/our-insights/value-creation-in-the-metaverse
https://www.astuteanalytica.com/industry-report/europe-extended-reality-xr-market
https://www.astuteanalytica.com/industry-report/europe-extended-reality-xr-market
https://www.grandviewresearch.com/industry-analysis/virtual-reality-vr-market
https://ieeexplore.ieee.org/abstract/document/9665730
https://ieeexplore.ieee.org/abstract/document/9665730
https://doi.org/10.3390/photonics10050555
https://www.cambridge.org/core/books/ai-in-ehealth/A92827184ED99856B3D6B487204C6695#fndtn-information
https://www.mdpi.com/2218-6581/10/1/29
https://www.degruyter.com/document/doi/10.1515/eng-2020-0022/html
https://www.sciencedirect.com/science/article/abs/pii/S0952197622005711
https://www.mdpi.com/2227-7080/8/4/77/pdf
https://ieeexplore.ieee.org/document/9754049
https://ieeexplore.ieee.org/document/9754049
https://ieeexplore.ieee.org/abstract/document/8805074
https://helda.helsinki.fi/handle/10138/337180
https://helda.helsinki.fi/handle/10138/337180
https://www.researchgate.net/publication/341110069_AUTOC-AR_A_Car_Design_and_Specification_as_a_Work_Safety_Guide_Based_on_Augmented_Reality_Technology
https://www.researchgate.net/publication/341110069_AUTOC-AR_A_Car_Design_and_Specification_as_a_Work_Safety_Guide_Based_on_Augmented_Reality_Technology
https://www.mdpi.com/2076-3417/11/15/6810
https://www.mdpi.com/2076-3417/11/15/6810
https://iecscience.org/jpapers/100
https://www.mdpi.com/2071-1050/15/2/1629
https://journals.sagepub.com/doi/abs/10.1177/00405175221112660
https://doi.org/10.1007/978-3-031-36004-6_25
https://www.addletonacademicpublishers.com/contents-lpi/2445-volume-21-2022/4224-digital-consumer-engagement-on-blockchain-based-metaverse-platforms-extended-reality-technologies-spatial-analytics-and-immersive-multisensory-virtual-spaces
https://www.addletonacademicpublishers.com/contents-lpi/2445-volume-21-2022/4224-digital-consumer-engagement-on-blockchain-based-metaverse-platforms-extended-reality-technologies-spatial-analytics-and-immersive-multisensory-virtual-spaces
https://www.longdom.org/open-access/ergonomics-in-the-industry-40-virtual-and-augmented-reality-2165-7556-1000e181.pdf
https://www.researchgate.net/publication/333671628_Evaluating_Design_Review_Meetings_And_The_Use_Of_Virtual_Reality_For_Post-Occupancy_Analysis
https://repozitorium.omikk.bme.hu/bitstream/handle/10890/31773/037.pdf?sequence=1
https://dl.acm.org/doi/abs/10.1145/3411764.3445170?casa_token=1Splm7IzigIAAAAA:8M-Rsk5uv--Z4hB989U48yQ96NS-QAbQwm6xnGiSVb-eWryHDAanxLUuRrgPwk_JXges-qUQQJAf0i0
https://www.sciencedirect.com/science/article/abs/pii/S073658532200096X#!
https://link.springer.com/article/10.1007/s10055-022-00662-2
https://link.springer.com/article/10.1007/s10055-022-00662-2
https://link.springer.com/chapter/10.1007/978-3-030-18240-3_32
https://ieeexplore.ieee.org/abstract/document/9464920
https://www.ingentaconnect.com/content/tandf/ijfdte/2021/00000014/00000001/art00002
https://www.sciencedirect.com/science/article/pii/S2212827121010891
https://doi.org/10.1007/978-3-030-59342-1
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Graphene nanoparticles as data generating digital materials in industry 4.0. (2023)  

Holographic optics in planar optical systems for next generation small form factor mixed reality headsets 
(2022) 

How Is Fashion Going: Structured Literature Review for Circular Economy in Fashion and Textile Industry 
(2022) 

Identification of Crop Disease using Augmented Reality-based Mobile App for Indian Farmers (2020) 

Implementation of Digitalized Technologies for Fashion Industry 4.0: Opportunities and Challenges (2022) 

Implementing Augmented reality in Tourism (2021) 

Interactive and Immersive Digital Representation for Virtual Museum: VR and AR for Semantic Enrichment 
of Museo Nazionale Romano, Antiquarium di Lucrezia Romana and Antiquarium di Villa Dei Quintili (2023) 

Innovating the cultural heritage museum service model through virtual reality and augmented reality: the 
effects on the overall visitor experience and satisfaction (2021) 

In-depth review of augmented reality: Tracking technologies, development tools, AR displays, collaborative 
AR, and security concerns (2022) 

Metamaterial-based radiative cooling: towards energy-free all-day cooling (2018) 

Meat 4.0: Principles and Applications of Industry 4.0 Technologies in the Meat Industry (2022) 

Novel Methods In Training Autonomous Vehicles For Urban Roads (2021) 

OLEDoS: Technological Breakthrough for AR/VR Devices (2022) 

Potential applications for virtual and augmented reality technologies in sensory science (2019) 
Seeing eye to eye: social augmented reality and shared decision making in the marketplace (2020) 
 
Retailing in social virtual worlds: Developing a typology of virtual store atmospherics (2015) 

Review of augmented reality in aerospace industry (2019) 

Textronics: a review of their technological aspects and applications (2023) 

Thermoplasmonic and photothermal metamaterials for solar energy applications (2018) 

The challenges of entering the metaverse: An experiment on the effect of extended reality on workload 
(2022) 

The fascinating history and evolution of Extended Reality (XR) (2021) 

The Future of Digital Tourism Alternatives in Virtual Reality (2022) 

The implementation of immersive virtual reality trainings for the operation of the distribution grid – 
development and integration of two operational use cases (2021) 

The research we have is not the research we need (2020)  

The role of edge computing in internet of things (2018) 

The Use of Augmented Reality in Retail: A Review of Literature (2021) 

Towards the Internet of smart clothing: A review on IoT wearables and garments for creating intelligent 
connected e-textiles (2018) 

Training Assistant for Automotive Engineering Through Augmented Reality (2019) 

Trends of Augmented Reality Applications in Science Education: A Systematic Review from 2007 to 2022 
(2022) 

Ultra-reliable and low-latency communications: applications, opportunities and challenges (2021) 

Understanding Technology Adoption: Theory and Future Directions for Informal Learning (2009)  

Using AR Interfaces to Support Industrial Maintenance Procedures (2019) 

Virtual immersive reality based analysis of behavioural responses in connected and autonomous vehicle 
environment (2019) 

Virtual Reality Training Applications in Industry - Towards a User-friendly Application Design (2021) 

Virtual Reality-Based Engineering Education to Enhance Manufacturing Sustainability in Industry 4.0 (2019) 

https://doi.org/10.1038/s41598-023-31672-y
https://light-am.com/article/doi/10.37188/lam.2022.042
https://light-am.com/article/doi/10.37188/lam.2022.042
https://www.researchgate.net/publication/360571964_How_Is_Fashion_Going_Structured_Literature_Review_for_Circular_Economy_in_Fashion_and_Textile_Industry
https://www.researchgate.net/publication/360571964_How_Is_Fashion_Going_Structured_Literature_Review_for_Circular_Economy_in_Fashion_and_Textile_Industry
https://www.researchgate.net/publication/341475493_Identification_of_Crop_Disease_using_Augmented_Reality-based_Mobile_App_for_Indian_Farmers_A_Prototype
https://www.hindawi.com/journals/sp/2022/7523246/
https://www.researchgate.net/publication/356766202_Implementing_Augmented_reality_in_Tourism
https://www.mdpi.com/2220-9964/12/2/28
https://www.mdpi.com/2220-9964/12/2/28
https://www.researchgate.net/publication/348266725_Innovating_the_cultural_heritage_museum_service_model_through_virtual_reality_and_augmented_reality_the_effects_on_the_overall_visitor_experience_and_satisfaction
https://www.researchgate.net/publication/348266725_Innovating_the_cultural_heritage_museum_service_model_through_virtual_reality_and_augmented_reality_the_effects_on_the_overall_visitor_experience_and_satisfaction
https://www.mdpi.com/1424-8220/23/1/146
https://www.mdpi.com/1424-8220/23/1/146
https://www.mdpi.com/1996-1073/12/1/89
https://dspace.lib.cranfield.ac.uk/bitstream/handle/1826/18226/Meat-4.0-2022.pdf?sequence=1
https://rshare.library.torontomu.ca/articles/thesis/Novel_Methods_In_Training_Autonomous_Vehicles_For_Urban_Roads/16838284
https://www.counterpointresearch.com/insights/oledos-technological-breakthrough-xr-devices/
https://www.sciencedirect.com/science/article/abs/pii/S1466856418314449
https://link.springer.com/article/10.1007/s11747-019-00688-0
http://www.jecr.org/node/471
https://www.researchgate.net/publication/334482023_Review_of_augmented_reality_in_aerospace_industry
https://www.tandfonline.com/doi/abs/10.1080/00405000.2023.2236320
https://onlinelibrary.wiley.com/doi/abs/10.1002/adom.201800317
https://link.springer.com/article/10.1007/s10796-022-10244-x
https://link.springer.com/article/10.1007/s10796-022-10244-x
https://www.forbes.com/sites/bernardmarr/2021/05/17/the-fascinating-history-and-evolution-of-extended-reality-xr--covering-ar-vr-and-mr/?sh=7bfcfdc04bfd
https://www.sciencegate.app/document/10.4018/978-1-7998-8528-3.ch004
https://ieeexplore.ieee.org/document/9692228
https://ieeexplore.ieee.org/document/9692228
https://doi.org/10.1007/s11423-020-09811-3
https://doi.org/10.1007/s11423-020-09811-3
https://ieeexplore.ieee.org/document/8450541
https://www.researchgate.net/publication/346719108_The_Use_of_Augmented_Reality_in_Retail_A_Review_of_Literature
https://www.mdpi.com/2079-9292/7/12/405
https://www.mdpi.com/2079-9292/7/12/405
https://repositorio.espe.edu.ec/bitstream/21000/20715/1/AA-ESPEL-MAI-0658.pdf
https://www.researchgate.net/profile/Irwanto-Irwanto-8/publication/361903334_Trends_of_Augmented_Reality_Applications_in_Science_Education_A_Systematic_Review_from_2007_to_2022/links/62cbe588cab7ba7426e4b33e/Trends-of-Augmented-Reality-Applications-in-Science-Education-A-Systematic-Review-from-2007-to-2022.pdf
https://www.researchgate.net/profile/Irwanto-Irwanto-8/publication/361903334_Trends_of_Augmented_Reality_Applications_in_Science_Education_A_Systematic_Review_from_2007_to_2022/links/62cbe588cab7ba7426e4b33e/Trends-of-Augmented-Reality-Applications-in-Science-Education-A-Systematic-Review-from-2007-to-2022.pdf
https://link.springer.com/article/10.1007/s11432-020-2852-1
https://doi.org/10.3102/0034654308325896
https://ieeexplore.ieee.org/document/8927815
https://arxiv.org/abs/1901.07151
https://arxiv.org/abs/1901.07151
https://www.researchgate.net/publication/354291627_Virtual_Reality_Training_Applications_in_Industry_-_Towards_a_User-friendly_Application_Design
https://www.mdpi.com/2071-1050/11/5/1477
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VR industrial applications―A singapore perspective (2020) 

Why and who will adopt extended reality technology? Literature review, synthesis, and future research 
agenda (2018) 

XR (Extended Reality: Virtual Reality, Augmented Reality, Mixed Reality) Technology in Spine Medicine: 
Status Quo and Quo Vadis (2022) 

XR in the era of COVID-19 (2021) 

Statistics: 

Crunchbase 

Dealroom 

Eurostat 

Statista 

Websites: 

AlphaVerse. 

Advance Queensland  

• Queensland Innovation Precincts and Places Strategy  

• The Precinct  

• XR Hub  

Ansys Optical - Optical simulation and design software   

Anyland   

Arab Health  

Arium - Arium is bringing human connection to Virtual Exhibitions    

Atlas Space 

Audience of the Future  

• Reports  

Augment - 3D and Augmented Reality Product Visualization Platform   

Autodesk - Architecture, Engineering & Construction (AEC) collection     

Centro Tecnològico CIDETER  

Coderblock - Live amazing adventures in the metaverse    

Concept3D - 3D Mapping and virtual tour software    

Creatori di Futuro  

Cyber Scrilla - What is Rove? A new way to metaverse   

Digital Catapult 

• 5G festival  

• Advanced media production   

• Augmentor  

• Virtualisation  

Electric South  

• Electric Africa  

• Exhibitions  

• Open call for the African XR Realities Lab  

• Production (2021)  

• Workshops  

https://www.researchgate.net/publication/346225049_VR_industrial_applications-A_singapore_perspective
https://www.researchgate.net/publication/329177547_Why_and_who_will_adopt_extended_reality_technology_Literature_review_synthesis_and_future_research_agenda
https://www.researchgate.net/publication/329177547_Why_and_who_will_adopt_extended_reality_technology_Literature_review_synthesis_and_future_research_agenda
https://www.mdpi.com/2077-0383/11/2/470/pdf
https://www.mdpi.com/2077-0383/11/2/470/pdf
https://www.tandfonline.com/doi/full/10.1080/0144929X.2021.1988320
https://www.crunchbase.com/
https://dealroom.co/
https://ec.europa.eu/eurostat
https://www.statista.com/?gclid=CjwKCAjwtuOlBhBREiwA7agf1n9aUe6mCKhlUMSW6JqZDiiO4Ai08JJzi1L0F7JXXrGcIZjJlqD90xoCnq8QAvD_BwE
https://home.alphaverse.com/
https://advance.qld.gov.au/about
https://advance.qld.gov.au/queensland-innovation-precincts-and-places-strategy
https://advance.qld.gov.au/precinct
https://advance.qld.gov.au/xr-hub
https://www.ansys.com/products/optics-vr
https://steamdb.info/app/505700/info/
https://www.arabhealthonline.com/en/Home.html
https://arium.xyz/
https://atlas.space/
https://audienceofthefuture.live/about/
https://audienceofthefuture.live/in-depth/#reports
https://www.augment.com/
https://www.autodesk.eu/collections/architecture-engineering-construction/overview?term=1-YEAR&tab=subscription
https://cecma.com.ar/cideter-una-de-las-19-utd-seleccionada-para-aumentar-la-productividad/
https://coderblock.com/
https://concept3d.com/
https://creatoridifuturo.it/nuove-tecnologie-e-web-2-0/seoul-metaverse-la-prima-grande-smart-city-del-futuro/
https://cyberscrilla.com/what-is-rove-metaverse/
https://www.digicatapult.org.uk/
https://www.digicatapult.org.uk/expertise/case-studies/study/5g-festival/
https://www.digicatapult.org.uk/apply/labs/advanced-media-production/
https://www.digicatapult.org.uk/expertise/programmes/programme/augmentor/
https://www.digicatapult.org.uk/expertise/virtualisation/
https://www.electricsouth.org/
https://www.electricsouth.org/electric-africa/
https://www.electricsouth.org/exhibitions/
https://www.electricsouth.org/open-call-for-the-african-xr-realities-lab/
https://www.electricsouth.org/production_year/2021/
https://www.electricsouth.org/workshops/
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• World Heritage Futures Lab  

Emirates Health Service  

ESI Group - Leading innovator in virtual prototyping solutions    

Farming simulator      

Gather - Building better teams, bit by bit    

Hiber3D   

Hoppin’ World - Multi-user immersive teleportation using 360° videos  

IT Brief Australia  

Las Parejas Industrial Centre 

Mallconomy - Welcome to the future of the metaverse  

Manticore Games - Play and create games for free on Core    

MeetinVR - Business Meetings & Collaboration in VR    

Meta Quest Pro 

Metahype 

Ministry of Science, Technology and Innovation (Brazil)   

Mona   

NFT Worlds - Overview NFT Worlds Developer      

National Council for Scientific and Technological Development (Brazil)  

Nvidia   

Openwind   

Party - Virtual Parties & Corporate Metaverse Events Platform    

Pavia  

PICO 4 

Queensland XR Hub  

• Aerospace Xelerated Pitch Challenge - Awards & Networking  

• Aerospace Xelerated Pitch Challenge  

• Events  

• Tenders  

RAEscolas  

Remo - Virtual events platform  

Screen Queensland  

Sensorium - We bring you connections & experiences out of this world   

Seoul Metropolitan Government  

• A new continent of Seoul, Metaverse Seoul  

• Mid- to long-term basic plan  

• Population  

Smart Cities Connect  

Sococo - Online Workplace for distributed teams  

Stageverse - Docs Stageverse    

Stardoll 

Systems on a Chip 

Tandon School of Engineering - Unveiling RLab: the First-City Funded VR/AR Center in the Country Opens 
Doors at Brooklyn Navy Yard  

https://www.electricsouth.org/workshop_item/world-heritage-futures-lab/
https://www.ehs.gov.ae/en/metaverse
https://www.esi-group.com/
https://www.farming-simulator.com/index.php?lang=en&country=es
https://www.gather.town/
https://www.hiber.mv/
https://hoppin.world/
https://itbrief.com.au/story/hindsite-wins-aerospace-xelerated-pitch-challenge-with-solution-to-support-boeing
http://centroindustrial.org/category/utd/
https://mallconomy.com/
https://www.coregames.com/
https://www.meetinvr.com/
https://forwork.meta.com/gb/quest/quest-pro
https://www.metahype.com/#/
https://www.gov.br/mcti/pt-br/acompanhe-o-mcti/cgpe
https://docs.monaverse.com/
https://dev.nftworlds.com/
https://www.gov.br/cnpq/pt-br/assuntos/noticias/atualidades/projeto-disponibiliza-ferramenta-gratuita-de-realidade-aumentada-nas-escolas
https://www.nvidia.com/en-us/omniverse/
https://openwind.ul-renewables.com/index.html
https://www.party.space/
https://www.pavia.io/
https://www.picoxr.com/uk/products/pico4
https://qldxrhub.com/
https://qldxrhub.com/events/advmanvip
https://qldxrhub.com/events/advmanvip
https://qldxrhub.com/events
https://qldxrhub.com/tenders
https://raescolas.ufsc.br/en
https://remo.co/
https://www.facebook.com/screenqueensland/about_details
https://sensoriumxr.com/
https://news.seoul.go.kr/gov/archives/544743
https://news.seoul.go.kr/gov/archives/2092
https://english.seoul.go.kr/seoul-views/meaning-of-seoul/4-population/
https://smartcitiesconnect.org/seoul-will-invest-in-metaverse-communications-platform-for-city-services/
https://www.sococo.com/
https://docs.stageverse.com/
https://www.stardoll.com/es/
file:///C:/Users/popesan/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/2VJCF0TX/%20https/www.sciencedirect.com/topics/physics-and-astronomy/systems-on-a-chip
https://engineering.nyu.edu/news/unveiling-rlab-first-city-funded-vrar-center-country-opens-doors-brooklyn-navy-yard
https://engineering.nyu.edu/news/unveiling-rlab-first-city-funded-vrar-center-country-opens-doors-brooklyn-navy-yard
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TechStar   

The Nemesis   

TMRW Foundation  

Tribuna do PampaVBS Blue - BISim Bohemia Interactive Simulations   

UKRI - Area of investment and support: Audience of the future  

Universidad Nacional de Còrdoba - Did you know that we are a Digital Transformation Unit (UTD)?  

Universidad Nacional de Tierra del Fuego  

Universidad Nacional de Tucumàn  

Universidad Nacional Mar del Plata  

VBS4  

Vircadia - Open source metaverse platform 

VIVE XR Elite 

Viverse - The open and secure metaverse from HTC vive  

Vrgineers 

• XTAL 3 Mixed Reality Headset  

• XTAL 3 Virtual Reality Headset  

• XTAL 

VSim - Healthy Simulation   

Wilder World - A new dimension of reality  

Wonda VR - Create & Learn Together 

Wooorld - Explore the world in virtual reality 

Worldwide Webb - The NFT MMORPG metaverse game 

Zenith - The last city - anime VR MMORPG 

https://www.techstar.it/en/
https://thenemesis.io/
https://www.tmrw.com/mohap-customer-service-center-launch/
https://www.tribunadopampa.com.br/projeto-realidade-aumentada-sera-implantado-em-candiota/
https://bisimulations.com/products/vbs-blue-ig
https://www.ukri.org/what-we-offer/our-main-funds/ukri-challenge-fund/artificial-intelligence-and-data-economy/audience-of-the-future-challenge/
https://fcefyn.unc.edu.ar/facultad/secretarias/extension/unidad-transformacion-digital/novedades-utd/sabias-que-somos-una-unidad-de-transformacion-digital-utd/
https://utd.untdf.edu.ar/
https://www.facet.unt.edu.ar/utd/sobre-nosotros/
https://www.mdp.edu.ar/utd/
https://vbs4.com/
https://vircadia.com/
https://www.vive.com/uk/product/vive-xr-elite/overview/
https://www.viverse.com/
https://vrgineers.com/xtal-3-mixed-reality/
https://vrgineers.com/xtal-3-virtual-reality
https://vrgineers.com/xtal/
https://www.healthysimulation.com/laerdal/vsim/
https://www.wilderworld.com/
https://www.wondavr.com/
https://www.wooorld.io/
https://webb.game/
https://zenithmmo.com/
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White Papers: 

AlphaVerse. Whitepaper V.1. (2023)  

Dream Life. White paper on the issuance of tokens (2023)  

Everdome. Everdome White Paper (2023) 

Genesis Worlds. Genesis Worlds Whitepaper (2022)  

Highstreet. Highstreet Whitepaper (2023) 

Iluvium. Whitepaper V3.4. 

Metahero. High-Realistic Avatar Creation Using the MetaHero System (2023) 

Neo. White Paper: Metaverse As Unique As Its Users (2022)  

Oxya Origin. Whitepaper  

Petherum. Petherum Whitepaper (2022) 

Shibaverse. Shibaverse Whitepaper. 

Star Atlas. Star Atlas White Paper: Your Guide to the Universe (2022)  

Solace. Solice Whitepaper (2022)  

Utherverse. Utherverse White Paper: Best of All Worlds 

Vaulthill. White Paper: An extended reality Blockchain-based metaverse, designed to make you feel more 
human (2022) 

Victoria VR. White Paper (2022) 

Virtual Wafer Fab Brief  

Articles: 

Apple Glasses to Have Enhanced OLED Microdisplay Density; Is 3500 PPI Really Possible? (2022) 

A future digital twin for Luxembourg in the Metaverse (2022)  

Metaverse in defense and aerospace - the next-gen defense mechanism (2022) 

Boeing Funds QLD Augmented Reality Tech Start up 

From live-streaming metaverse experiences to eco-friendly firework alternatives; meet the pioneering 
startups set for new heights thanks to MyWorld (2022)  

Headset technology is cheaper and better than ever (2020) 

It’s 2023: Here Are The Top Tech Trends To Watch (2023) 

Ministry of Health launches world's first Metaverse customer happiness service center (UAE) (2022) 

Optics for Virtual, Augmented and Mixed Reality 2022-2032: Technologies, Players and Markets (2022) 

Overview of the Infinitely Evolving Metaverse (2022)  

Pixel canvas presents omniya: A customizable Web3 metaverse powered by pureweb (2022)  

The Government approved the creation of 19 Digital Transformation Units to increase the productivity of 
SMEs (2022)  

The Greater Whitsunday Virtual Reality Tour - Case Study 

The Olive Group enters the metaverse (2022)  

The UAE’s Fourth Industrial Revolution (4IR) Strategy  

Zaha Hadid architects designs virtual liberland metaverse city (2022)  

 

  

https://alphaverse.com/wp-content/uploads/2023/01/AlphaVerse_Whitepaper_v1_Jan2023.pdf
https://dreamvrlife.com/whitepaper.pdf
https://docs.everdome.io/everdome-white-paper/
https://docs.genesis.game/genesis-worlds-metaverse/general-information/genesis-worlds-whitepaper#whitepaper
https://highstreet.gitbook.io/highstreet-whitepaper/welcome-to-highstreet/preface
https://www.docs.illuvium.io/
https://www.metahero.io/whitepaper
https://uploads-ssl.webflow.com/61e55a05ff9ce033ad45f7fa/62e7cc2493f3fb5fe28ffd08_Neos%20Whitepaper%20Version%201.06.pdf
https://docsend.com/view/f8gnhc4kiw5dizhb
https://whitepaper.pethereum.io/
https://shibaverse.io/downloads/Whitepaper_Shibaverse_v1.pdf
https://staratlas.com/assets/pdfs/white-paper.pdf
https://docs.solice.io/
https://www.utherverse.io/Utherverse_WhitePaper_v2.2.pdf
https://vhc-website-files.s3.eu-west-2.amazonaws.com/VHWhitePaper.pdf
https://vhc-website-files.s3.eu-west-2.amazonaws.com/VHWhitePaper.pdf
https://vhc-website-files.s3.eu-west-2.amazonaws.com/VHWhitePaper.pdf
https://silvaco.com/wp-content/uploads/product/pdf/VWF_brief.pdf
https://www.techtimes.com/articles/281256/20220930/apple-glasses-enhanced-oled-microdisplay-density-3500-ppi-really-possible.htm
https://www.researchluxembourg.org/en/a-future-digital-twin-for-luxembourg-in-the-metaverse/
https://www.antiersolutions.com/metaverse-in-aerospace-and-defense-the-new-digital-inflection/
https://qldxrhub.com/news/boeing-funds-qld-augmented-reality-tech-start-up
https://www.digicatapult.org.uk/about/press-releases/post/myworld-pioneering-startups/
https://www.digicatapult.org.uk/about/press-releases/post/myworld-pioneering-startups/
https://www.economist.com/technology-quarterly/2020/10/01/headset-technology-is-cheaper-and-better-than-ever
https://www.forbes.com/sites/forbestechcouncil/2023/05/24/its-2023-here-are-the-top-tech-trends-to-watch/
https://mohap.gov.ae/en/media-center/news/25/1/2022/ministry-of-health-launches-worlds-first-metaverse-customer-happiness-service-center
https://www.idtechex.com/en/research-report/optics-for-virtual-augmented-and-mixed-reality-2022-2032-technologies-players-and-markets/870
https://docs.theparallel.io/
https://metaverseinsider.tech/2022/05/04/pixel-canvas-presents-omniya-a-customizable-web3-metaverse-powered-by-pureweb/
https://www.argentina.gob.ar/noticias/el-gobierno-aprobo-la-creacion-de-19-unidades-de-transformacion-digital-para-aumentar-la
https://www.argentina.gob.ar/noticias/el-gobierno-aprobo-la-creacion-de-19-unidades-de-transformacion-digital-para-aumentar-la
https://qldxrhub.com/news/the-greater-whitsunday-virtual-reality-tour-case-study
https://www.hotelierindia.com/business/the-olive-group-enters-the-metaverse
https://u.ae/en/about-the-uae/strategies-initiatives-and-awards/strategies-plans-and-visions/government-services-and-digital-transformation/the-uae-strategy-for-the-fourth-industrial-revolution
https://www.dezeen.com/2022/03/11/liberland-metaverse-city-zaha-hadid-architects/
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Annex 3: List of interview respondents 

For the purposes of the landscape analysis, we conducted a total of 49 interviews across 
industrial ecosystems. We also to the extent possible reached out to a diverse group of 
interviewees in terms of types of stakeholders (users/providers of XR solutions), 
geographical location of their organisation (amongst EU Member States), and representing 
different industrial ecosystems (a minimum of two representatives per ecosystem were 
interviewed). The full list of interviewees is hereby presented.  

Table 18. List of interview respondents 

Name, Surname 
Position/ role in the 

organisation 
Organisation Country 

David Nahon   

Immersive experience 
director/ Secretary 
General  Dassault Systemes /CNXR  

FR   

Pat O'Connor Managing director AIVRSimulation IE 

Maarten Hermans Simulator Developer E-flight academy NL   

Jeroen Van Der Wel Head Thales XR labs Thales NL   

Jorgen Remmelg   CEO  XMReality   SE   

Ivan Đurić XR LAB coordinator 

Leibniz Institute of 
Agricultural Development in 
Transition Economies  DE 

Siwart Mackintosh 
Business Unit Manager & 
Head of Partnerships Infinity Labs NL 

Stella Ntavara 

Project manager for 
cultural projects, Events 
& Production coordinator 

Copenhagen International 
Documentary Film Festival DK 

Gonzalo Carrión COO El Ranchito ES 

Gabriella Chihan 
Stanley CEO Vrisch AT 

Christina 
Chrysanthopoulou Art Director ViRA EL 

Guido D'Arezzo 
Events Operations 
Manager AnotheReality IT 

Ricard Gras Founder Captic DE 

Marcin Klimek CEO ExplodedView PL 

Daniel Gremli Founder Bamdara CH 

Eloi Girard Founder END Entertainment BE 

Peter Verstraeten CEO Proceedix BE 

Vasilapostolos 
Ouranis Co-founder Magos EL   

Lars Riedemann  Physician -Scientist  
Heidelberg University 
Hospital  DE  
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Name, Surname 
Position/ role in the 

organisation 
Organisation Country 

Remco Hoogendijk Innovation Manager Sint Maartenskliniek NL 

Nicolas Van de 
Kerkhof Business Creation lead EIT Health DE 

Roderick van Beek 
Business Developer 
Healthcare SyncVR Medical NL 

Jaap Gielik CEO Windsor NL 

Eric Fassbender Founder Atmospheares DE 

Sonke Kirchhof Founder InVR Space DE 

Jan Kamphuis Co-owner Building Virtuality NL 

Sara Stankovic BIM Specialist Goldbeck DE 

Duzan Doepel Co-funder Doepel Strijkers NL 

Kayvan Mirza  CEO  Optinvent   FR   

Stan Larroque  CEO  Lynx   FR   

Kim Branner 

Department of Wind and 
Energy Systems & 
ReliaBlade Project 
Coordinator DTU (Project ReliaBlade) DK  

Kim Bleshøy Nielsen 
Managing Director, 
Partner Intertisement DK  

Lene Thirup 
Business Development 
Director Kanda DK  

Britta Schaffmeister CEO 
Dutch Marine Energy 
Centre NL 

Mikko Luukkonen Solution sales Softability OY FI 

Franco Trapasso   
Head of Plant Project 
Office Festo DE 

Jan Pflueger Audi AG 
XR Method Development - 
Audi Design DE 

Stefan Domdey VP of sales Threedy DE 

Amon Shalev CEO Virtuality.fashion DE/ISR 

Annita Apostolaki 
Digital Marketing 
Manager Artsteps GR 

David G. Founder Krill Audio ES 

Mads Dambso 
Founder and lead 
producer Makropol DK 

Dr.Oliver Schreer Head of Research Group 
Fraunhofer Institute for 
Telecommunications DE 
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Name, Surname 
Position/ role in the 

organisation 
Organisation Country 

Thomas De Bruyne Xperience Lab Lead Deloitte CZ 

Richard Ballaux VR Product Manager OneBonsai BE 

Anonymous Anonymous Digital Catapult UK 

Karen Sanders CEO Queensland XR Hub Australia 

Antoinette Engel Producer Electric South South Africa 

Anonymous Anonymous Metaverse Seoul South Korea 

Source: Authors’ own elaboration. 
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Annex 4: Interview questionnaire 

The interviews will follow a semi structured format, allowing stakeholders from different 
industrial ecosystems share inputs relevant for their respective expertise. For each interview 
a briefing of the study, its key objectives and scope will be provided to the interviewee. The 
following set of questions will act as guidance for the main themes to be covered, however 
the specific questions may be tailored to each specific industrial ecosystem/interviewee.  

Part 1: Introductory questions 

• About the interviewee:  

o Full name:  

o Organisation: 

o Role: 

• About the organisation:  

o Please briefly introduce your organisation’s activities in relation to 
XR/Metaverse. 

o What Industrial Ecosystem(s) does your organisation operate? [select from 
list] 

Part 2: Characteristics of the Industrial Ecosystem [Each 
interview will focus on one industrial ecosystem based on 
each organisation’s expertise.] 

• What domains (types) of applications are you offering in the specific ecosystem? 

o What application domains are higher on demand in the industrial ecosystem 
in question? 

o What are the main benefits for the user of each application domain? Have 
you recorded any quantifiable benefits? 

o Could you share any specific examples of unique applications/use cases and 
their benefits for the user? 

o What are the main challenges associated with the development of each 
application domain? 

o What are the main challenges associated with the use of each application 
domain? 

• To what extent has the XR deployment in your industrial ecosystem reached its 
maximum potential? How would you compare the XR deployment in the industrial 
ecosystem compared to others (i.e., would you say it is ahead or lagging)? 

• Are there any specific characteristics of the ‘typical’ adopter of XR solutions? E.g., 
size of company, specific segment of the industrial ecosystem, level of digitalisation, 
etc.  

• Are there any segments of the industrial ecosystems that are more/less involved in 
the adoption of XR solutions? 



 ZERO-DISTANCE XR APPLICATIONS AND SERVICES 

137 

Part 3: Expectations and conditions for broader deployment 

• Expectations 

o Are there any applications you are not offering yet, but expect to offer in the 
next two years? 

o What domain of application is the most promising in terms of potential 
disruptiveness?  

o What domain of application is the most promising in terms of potential market 
demand? 

• Conditions 

o What are the main current or anticipated challenges in relation to the broader 
deployment of XR solutions in the Industrial Ecosystem? 

o What technological advancements are key for the broader deployment of XR 
solutions in the Industrial Ecosystem? 

o Are there any differences/unique conditions of this industrial ecosystem? 

Part 4: Awareness on the ecosystem and public support 
initiatives 

• Are you aware of any XR associations in the specific industrial ecosystem, in your 
country, in the EU in general, and/or Horizon Europe associated countries? 

• Are you aware of any funding opportunities available in your country, in the EU in 
general, and/or Horizon Europe associated countries? 

• Are you aware of any (databases of) national or regional public initiatives (e.g., 
policy measures, actions, plans, their corresponding instruments, tools) supporting 
XR development or deployment in the EU, Horizon Europe associated countries, 
and/or in third countries/worldwide? 

o If yes, could you provide some information on those: what authority or 
organisation is behind the initiative? Any link or document where we can find 
more information? 

o If yes, do you have any observations to share on the effectiveness of the 
initiative? 

o [If the respondent mentioned an initiative in a third country] Are you aware 
of additional information regarding this initiative? 

▪ If yes, could you please elaborate on the potential impact that this 
initiative may have at a global-level for the XR industry, and, in 
particular, for the EU strategic autonomy? 

• Are there any public initiatives that are needed for the further or optimal deployment 
of XR in the industrial ecosystem in question? 

• Is there any other feedback or information you would like to share? 
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Annex 5: Delphi Survey questionnaire  

ROUND 1 

Introduction 

Thank you for taking part in this Delphi survey. This survey aims to estimate the role XR 
technologies will play in the EU industry by the end of the current decade, identify lines of 
research and emerging paradigms that might have an impact on XR, and estimate the 
potential of them on XR and in addressing current challenges of XR adoption. We are in 
particular interested to know your views on: 

• The role of the metaverse and XR technologies in the EU industry by 2030, and 

• The potential and impact of emerging technologies on XR. 

Extended Reality (XR) – is the umbrella term used for Virtual Reality (VR), Augmented 
Reality (AR), and Mixed Reality (MR), as well as future realities immersive technologies 
might create. XR involves various approaches to creating or expanding the environment 
experienced through multiple senses (primarily visual), and is also closely related to new 
approaches to interaction with computer systems, such as gloves or suits. 

Metaverse is a universe of virtual worlds, among which the user can move freely and also 
have the ability to create and modify the environment.253 The metaverse blends real and 
virtual worlds. From one side, virtual world imitates the real world providing digital 
experience of real life. From the other side, real life is enhanced by the features of digital 
world (e.g., through AR). 

About the Delphi survey method: Delphi survey will have two rounds with the same group 
of experts. After the first round, the information collected will be summarised and shared 
with you before the second round. The second round will dive deeper into the sectoral 
application of technologies and their potential to overcome the current challenges of XR 
adoption. Thus, your participation in both rounds of the survey is essential.  

The study will assist the Commission in designing lines of strategy and preparing actions to 
contribute to the strengthening of the XR industry, and to incentivise industrial digitalisation 
through the uptake of XR technologies, in a competitive, secure, and ethical environment. 
The study is performed by Visionary Analytics , Ecorys, and IDEA Consult. It is carried out 
at the request of the European Commission, DG Connect. Please find the support letter 
here. 

The survey should take around 15 minutes. If you have any issues/ questions, please 
contact aurinta@visionary.lt. Thank you. 

Data Privacy and Informed Consent Information 

Your personal data will be processed in line with Regulation (EU) 2018/1725 of the 
European Parliament and of the Council of 23 October 2018 on the protection of natural 
persons regarding the processing of personal data by the Union institutions, bodies, offices, 
and agencies, and on the free movement of such data. Your data will only be processed by 
Visionary Analytics employees entrusted with the implementation of the project. 

 
253 Fabio Moioli “The Metaverse: Don't Confuse It With Virtual Reality” 

https://www.forbes.com/sites/forbestechcouncil/2022/08/11/the-metaverse-dont-confuse-it-with-virtual-
reality/?sh=3aa792ec2257  

https://www.visionary.lt/about-us/
https://www.ecorys.com/
https://www.ideaconsult.be/en
https://www.visionary.lt/wp-content/uploads/2022/11/Endorsement-letter-Zero-distance-study.pdf
https://www.forbes.com/sites/forbestechcouncil/2022/08/11/the-metaverse-dont-confuse-it-with-virtual-reality/?sh=3aa792ec2257
https://www.forbes.com/sites/forbestechcouncil/2022/08/11/the-metaverse-dont-confuse-it-with-virtual-reality/?sh=3aa792ec2257
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Your answers will be anonymised, aggregated, and published as part of the study report. 
None of your personal details (e.g., e-mail address) will be published or disclosed. The full 
information regarding data protection is provided in the privacy statement that can be found 
here. 

Q0-1. Please select* 

 I agree to my data being proceed as outlined in the privacy statement 

Q0-2. Please select 

 I agree to be contacted for the second round of the Delphi survey. If yes, please 

enter your email 
______________________________________________________________ 

Part 1: General questions 

Q1-1. You are filling in this questionnaire primarily as: (please select all applicable 
answers) 

 XR application company  

 XR device company  

 XR researcher/academic/consultant 

 XR association representative 

 An expert of technology relevant for technology related to Metaverse (i.e., 

blockchain, AI, IoT, 5G/6G) 

 XR end user 

 Other (please write in) ___________________________________________ 

Q1-2. Please select XR-relevant technological fields you have knowledge in (if any). 
Select all applicable options. 

 XR software development 

 XR content generation 

 Dedicated applications of XR (e.g., in engineering, training, quality assessment) 

 Novel photonic technologies for displays 

 Optics and sensing (incl. Haptic and tactile solutions) 

 Connectivity (5G and 6G, Wi-Fi 6/7) 

 Edge computing (edge-offloading) 

 Cloud computing (AR/VR cloud, hybrid cloud, ML) 

 Artificial intelligence 

 Advanced semiconductor chips  

 Graphene and metamaterials 

 Blockchain 

 None of the above 

 Other (please write in)___________________________________________ 

Q1-3. What sectors you are active in? Please select all applicable answers 

Detailed information about each sector can be found in  Annex 3 of this document (pages 
75-181): https://commission.europa.eu/system/files/2021-05/swd-annual-single-market-
report-2021_en.pdf  

 aerospace and defence 

 agri-food 

 construction  

https://www.visionary.lt/wp-content/uploads/2022/03/The-use-of-your-personal-data-and-your-rights.pdf
https://commission.europa.eu/system/files/2021-05/swd-annual-single-market-report-2021_en.pdf
https://commission.europa.eu/system/files/2021-05/swd-annual-single-market-report-2021_en.pdf
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 cultural and creative industries (incl. entertainment, media, and gaming) 

 digital 

 education 

 electronics  

 energy-intensive industries  

 energy-renewables  

 health  

 mobility – transport – automotive  

 proximity, social economy, and civil security  

 retail  

 textile and fashion  

 tourism 

Part 2: The role of metaverse and XR technologies in the EU industry 
by 2030  

A recent study on the economic position and potential of XR in Europe shows that the 
market value of the European XR industry is expected to reach between €35 – €65 billion 
by 2025. It is expected to generate €20 – €40 billion gross added value, and directly create 
employment for up to 860,000 people by 2025 (Ecorys. 2021).  

  

Source: Report Ocean: Europe Extended Reality Market Europe - Industry Dynamics, Market Size and 
Opportunity Forecast to 2030 (March 2022). 

Q2-1. In your opinion, how might the situation change by 2030?  

• The XR market will exponentially grow (40%+) 

• The XR market will continue to grow at the same pace as the past 5 years (20-
40%) 

• The XR market growth will slow down (0-20%) 

• The XR market will shrink (negative growth) 

• Other (please write in) 
________________________________________________________________ 

Q2-2 In your opinion, how might the situation change by 2030 in different sectors? 
(only sectors under selected Q1-3 shown) 



 ZERO-DISTANCE XR APPLICATIONS AND SERVICES 

141 

 
Exponentially 
grow (40%+) 

Grow at 
the same 
pace (20-
40%) 

Slow 
growth (0-
20%) 

Negative 
growth 

Do 
not 
know 

aerospace and defence      

agri-food      

construction       

cultural and creative industries      

digital      

electronics       

energy-intensive industries       

energy-renewables       

health       

mobility – transport – automotive       

proximity, social economy, and civil 
security  

     

retail       

textile and fashion       

tourism      

 

Q2-3. Please provide arguments. Please refer to examples if possible that support 
your claim 

 

 

 

 

Opportunities 

Q2-3. Please rate the likelihood that the following opportunities created by metaverse 
and wider take-up of XR technologies could materialise by 2030. 

 
1 – not 
likely 

2 – 
somewhat 
likely 

3 – 
moderately 
likely 

4 – 
likely 

5 – 
very 
much 
likely 

Do not 
know/ 
cannot 
answer 

Demand: increasing demand 
(and uptake of social XR 
applications) in the consumer 
market (improved and cheaper 
hardware, popular applications, 
higher connectivity)  

      

Virtual commerce: metaverse 
will become a new platform for 
selling, trading goods and 
services 

      

Education and training: XR will 
be incorporated as a standard 
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practice in job related 
training/educational programmes 
(e.g., surgery training, distributed 
training environments, scalable to 
any size of auditorium) 

New work: Virtual environments 
will be commonly used for remote 
work interactions and will improve 
work processes   

      

Efficiency gains: organisations 
employing XR will cut costs (e.g., 
less recalls, less travel, less 
physical prototypes, faster 
product development), and offer 
better-quality products and 
services (e.g., faster reaction time 
to mistakes, better creativity, more 
prototypes developed/tested) 

      

Employment: XR will disrupt 
employment for technical and 
creative occupations 

      

Connectivity: 6G will be the 
ultimate enabler for advanced, 
currently limited XR applications, 
lightweight XR glasses, HPC at 
our fingertips  

      

Research and development: XR 
will allow experimentation and 
exploration across all fields  

      

 

Q2-4. Please list any other opportunities that metaverse and wider take-up of XR 
technologies could offer to the EU industry and the EU economic competitiveness, 
by 2030. 

 

 

 

Challenges 

Q2-7. Please rate the likelihood that the following challenges could hinder the 
successful adoption of XR technologies in the EU industry 

 
1 – not 
likely 

2 – 
somewh
at likely 

3 – 
moderately 
likely 

4 – 
likely 

5 – 
very 
much 
likely 

Do not 
know/ 
cannot 
answer 

Technical challenges (computing 
performance, battery life, devices 
not human centric, poor resolution 
of image, 5G SA, and 6G 
deployment, etc.) 

      

Infrastructure challenges 
(infrastructure shortcomings, bad 
integration (into company 

      



 ZERO-DISTANCE XR APPLICATIONS AND SERVICES 

143 

processes, legacy IT, lack of 
standards, bad interoperability) 

Market-related challenges 
(fragmented XR market, lack of 
awareness about XR, costly XR 
implementation solutions, 
difficulties in commercialising, etc.) 

      

Legal challenges (data protection, 
access to personal information , 
protection of intellectual property, 
etc.) 

      

Ethical challenges (not inclusive, 
may cause lasting emotional, and 
psychological impact, ability to 
collect sensitive data such as face 
and eyes movement) 

      

User acceptance challenges 
(awareness and ethical 
considerations, conservative 
attitude/no willingness to change) 

      

Financial challenges (relates to 
the lack of investments) 

      

Content creation (challenges with 
the lack of content creators and 
content in general) 

      

 

Q2-8. Please list any other challenges that could prevent the successful adoption of 
XR technologies in the EU industry. 

 

 

Q2-11. Do you have any other thoughts or comments on the role of XR technologies 
in the EU industry that you would like to share? 

 

Part 3: The potential and impact of emerging technologies on XR 

Q3-1. Please rate the importance of the following emerging technologies fields 
relating to the development of XR hardware. 

 
1 – not 
important 
at all 

2 – 
slightly 
important 

3 – 
moderately 
important 

4- 
important 

5 – very 
important 

Do not 
know/ 
cannot 
answer 

Novel photonic 
technologies for 
displays 

      

Optics and sensing (incl. 
Haptic solutions) 
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Connectivity (5G and 
6G, Wi-Fi 6/7) 

      

Edge computing (edge-
offloading) 

      

Cloud computing 
(AR/VR cloud, hybrid 
cloud) 

      

Artificial Intelligence       

Advanced 
semiconductor chips  

      

Graphene and 
metamaterials 

      

Blockchain       

 

Q3-2. Please rate the importance of the following emerging technologies fields 
relating to the development of applications of XR (e.g., metaverse) . 

 
1 – not 
important 
at all 

2 – 
slightly 
important 

3 – 
moderately 
important 

4- 
important 

5 – very 
important 

Do not 
know/ 
cannot 
answer 

Novel photonic 
technologies for 
displays 

      

Optics and sensing 
(incl. Haptic solutions) 

      

Connectivity (5G and 
6G, Wi-Fi 6/7) 

      

Edge computing (edge-
offloading) 

      

Cloud computing 
(AR/VR cloud, hybrid 
cloud) 

      

Artificial Intelligence       

Advanced 
semiconductor chips  

      

Graphene and 
metamaterials 

      

Blockchain       

 

Q3-3. Please list any other technologies or technology fields that could break through 
current technology limitations and accelerate the development of metaverse and 
wider uptake of XR. Provide arguments. 
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Q3-4. Do you have any other thoughts or comments on potential and impact of 
emerging technologies on XR? 

 

 

Thank you 

Your participation in this survey will provide valuable insights that will help shape the future 
of XR in the EU industry. Thank you for your time and expertise. 

 

ROUND 2 

Introduction 

Thank you for taking part in the second round of this Delphi survey. The results of the first 
round will be presented next to the relevant question. When writing the findings and 
designing second round of Delphi survey, we tried to include as much of your original 
wording as possible. This was to avoid changing the context of your feedback. During 
instances where there were differing views, we tried to ensure that we presented all 
perspectives. 

Scope of the survey 

This survey aims to estimate the role XR technologies will play in the EU industry by the 
end of the current decade, identify lines of research and emerging paradigms that might 
have an impact on XR, and estimate the potential of them on XR and in addressing current 
challenges of XR adoption. As XR technologies are at the core of building virtual worlds, 
such as the metaverse, the survey will touch upon this topic, as well. 

This survey will be used for the purposes of conducting a study on behalf of the European 
Commission. Please find the support letter here. 

The study will assist the Commission in designing lines of strategy and preparing actions to 
contribute to the strengthening of the XR industry, and to incentivise industrial digitalisation 
through the uptake of XR technologies, in a competitive, secure, and ethical environment. 
The study is performed by Visionary Analytics , Ecorys, and IDEA Consult.  

 

Terminology 

Extended Reality (XR) – is the umbrella term used for Virtual Reality (VR), Augmented 
Reality (AR), and Mixed Reality (MR), as well as future realities immersive technologies 
might create. XR involves various approaches to creating or expanding the environment 
experienced through multiple senses (primarily visual), and is also closely related to new 
approaches to interaction with computer systems such as gloves or suits. 

https://www.visionary.lt/wp-content/uploads/2022/11/Endorsement-letter-Zero-distance-study.pdf
https://www.visionary.lt/about-us/
https://www.ecorys.com/
https://www.ideaconsult.be/en
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Metaverse is a universe of virtual worlds among which the user can move freely and also 
have the ability to create and modify the environment.254 The metaverse blends real and 
virtual worlds. From one side, virtual world imitates the real world providing digital 
experience of real life. From the other side, real life is enhanced by the features of digital 
world (e.g., through AR). 

 

In practice: 

We are in particular interested to know your views on: 

• The role of the XR technologies and the metaverse in the EU industry by 2030, and 

• The potential and impact of emerging technologies on XR. 

The survey should take around 15 minutes. If you have any issues/ questions, please 
contact aurinta@visionary.lt. Thank you. 

Data Privacy and Informed Consent Information 

Your personal data will be processed in line with Regulation (EU) 2018/1725 of the 
European Parliament and of the Council of 23 October 2018 on the protection of natural 
persons regarding the processing of personal data by the Union institutions, bodies, offices, 
and agencies and on the free movement of such data. Your data will only be processed by 
Visionary Analytics employees entrusted with the implementation of the project. 

Your answers will be anonymised, aggregated, and published as part of the study report. 
None of your personal details (e.g., e-mail address) will be published or disclosed. The full 
information regarding data protection is provided in the privacy statement that can be found 
here. 

Q0-1. Please select* 

 I agree to my data being proceed as outlined in the privacy statement 

Part 1: The role of the XR technologies and the metaverse in the EU 
industry by 2030  

Based on the first round of the Delphi survey, experts think that until 2030 XR market will 
grow on the same pace (20-40%) or exponentially (40%+).  

 
254 Fabio Moioli “The Metaverse: Don't Confuse It With Virtual Reality” 

https://www.forbes.com/sites/forbestechcouncil/2022/08/11/the-metaverse-dont-confuse-it-with-virtual-
reality/?sh=3aa792ec2257  

https://www.visionary.lt/wp-content/uploads/2022/03/The-use-of-your-personal-data-and-your-rights.pdf
https://www.forbes.com/sites/forbestechcouncil/2022/08/11/the-metaverse-dont-confuse-it-with-virtual-reality/?sh=3aa792ec2257
https://www.forbes.com/sites/forbestechcouncil/2022/08/11/the-metaverse-dont-confuse-it-with-virtual-reality/?sh=3aa792ec2257
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Note: N=78 
Source: Delphi survey, round 1, 2023. 

Q1-1. To what extent do you agree with this finding? 

 Strongly agree 

 Agree 

 Disagree 

 Strongly disagree 

 Do not know/ cannot answer 

Q1-2. Please elaborate on your answer 

 

Q1-3. To what extent do you agree with the following statements?  

The following statements were collected through open questions in the first round of the 
Delphi survey. Thus, we would like to ask your views on it.  

 
Strongly 
agree 

Agree Disagree 
Strongly 
disagree 

Do not know/ 
cannot 
answer 

We will have yet another exponential 
increase, until 2030, as we will witness 
the launch of equipment that is under 
development 

     

Europe has difficulty keeping up with 
other continents due to too high load of 
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regulation hampering innovation on a 
small and medium scale 

The costs of good XR Hardware will go 
down so there will be overall growth in 
most/all sectors 

     

Mass adoption of XR will occur as soon 
as the visuals meet expectations 
(hardware capabilities to show high-
quality visuals) 

     

All the industries mentioned in the figure 
above will face existential threats, if they 
do not innovate and adopt these new 
technologies that consumers will demand 
more and more 

     

Sectors, in which there is more money 
(e.g., entertainment, media, gaming) are 
getting quick wins, while the ones with 
less money and retail (e.g., education) is 
a slow mover 

     

 

Opportunities 

In the first round of the Delphi survey, we tried to see what the likelihood of growth driven 
by the (1) wider take-up of XR technologies, and (2) metaverse by 2030 is. Even though we 
looked at this question through the angle of different sectors, the same tendency in all 
sectors was noticed that the likelihood is higher for the opportunities when it is driven by 
wider take-up of XR technologies than metaverse. 
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Note: Total N=61 
Source: Delphi survey, round 1, 2023. 

Q1-4. To what extent do you agree or disagree that? 

 
Strongly 
agree 

Agree Disagree 
Strongly 
disagree 

Do not know/ 
cannot 
answer 

XR will drive market growth more than 
wider take-up of the metaverse 

     

This tendency (see statement above) is 
prominent in all sectors covered in the 
figure above 

     

Q1-5. Please elaborate on your answers 
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Q1-6. For the below-listed fields, please rate the likelihood of growth driven by the 
opportunities created by the wider take-up of XR technologies and the metaverse by 
2030. 

The following statements were collected through open questions in the first round of the 
Delphi survey. Thus, we would like to ask your views on it.  

 
Not 
likely 

Somewhat 
likely 

Moderately 
likely 

Likely 
Very 
much 
likely 

Decrease in material waste, due to less errors      

Decrease in risk to assets and employees      

Increase in productivity and employee 
flexibility/versatility 

     

Green, collaborative Europe (less travelling, but 
more social interaction, open, decentralised 
network of virtual spaces including universities, 
social meeting spaces, communities) 

     

A shift in education (shift from digital to the 
virtual era) in terms of content and way of 
teaching 

     

Entrepreneurship growth, start-up funding 
growth 

     

New forms of remote work resulting in reduced 
brain drain (from one EU country to another EU 
country) 

     

New forms of remote work resulting in reduced 
brain drain (from EU to outside of EU) 

     

Q1-7. Please elaborate on your answer 

 

Challenges 

The figure below illustrates results obtained from the first round of Delphi survey. Survey 
revealed that according to the experts, below-listed challenges are more likely to hinder 
successful adoption of XR, than metaverse (except for content creation and financial 
challenges). In addition, the most prominent challenges indicated were technological and 
infrastructure challenges. Content creation and ethical challenges, on the other hand, were 
among the ones that might hinder the successful adoption of XR or metaverse less likely.  
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Note: N=52 
Source: Delphi survey, round 1, 2023. 

 

Q1-8. To what extent do you agree or disagree that? 

 
Strongly 
agree 

Agree Disagree 
Strongly 
disagree 

Do not know/ 
cannot 
answer 

Listed challenges are more likely to 
hinder successful adoption of XR, than 
metaverse  

     

The most prominent challenges are 
technological and infrastructure 
challenges 

     

Content creation and ethical challenges 
are among the ones that are less likely to 
hinder the successful adoption of XR or 
metaverse 
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Q1-9. Please elaborate on your answers. If you have any comments on findings, 
please note them here. 

 

Q1-10. For the below-listed fields, please rate the likelihood that the following 
challenges could hinder the successful adoption of the XR technologies and the 
metaverse in the EU industry. 

The following statements were collected through open questions in the first round of the 
Delphi survey. Thus, we would like to ask your views on it.  

 
Not 
likely 

Somewhat 
likely 

Moderately 
likely 

Likely 
Very 
much 
likely 

Fake content and avatar identity thefts      

Most people are still unaware of what is possible 
with XR technologies or have the wrong ideas 
(lack of education and understanding) 

     

Geopolitical/digital autonomy & sovereignty 
challenges 

     

Poor technical skills of content creators, no 
product management and design skills 

     

The lack of strategic thinking and vision in the 
industry  

     

Q1-11. To what extent do you agree with the following statements?  

The following statements were collected through open questions in the first round of the 
Delphi survey. Thus, we would like to ask your views on it.  

 
Strongly 
agree 

Agree Disagree 
Strongly 
disagree 

Do not know/ 
cannot 
answer 

EU could create a central body that helps 
unifying access to resources and info that 
aids those creating legal frameworks and 
training plans 

     

More grants are needed for EU citizens 
specially designed for the development of 
XR/Metaverse industry. 

     

It would be foremost important to support 
innovation through more Horizon funding 
via a multidisciplinary approach for 
application areas in the metaverse 
(including XR, AI, 5G, cloud) 

     

Adoption in Europe seems slower versus 
North America and Asia 

     

Effective XR adoption requires focusing 
on niche markets unique to XR rather 
than applying XR to existing markets 

     

Q2-12. Do you have any other thoughts or comments on the role of XR technologies 
in the EU industry that you would like to share? 
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Part 2: The potential and impact of emerging technologies on XR 

The figure below illustrates aggregated results from all sectors, from the first round of Delphi 
survey. The results suggest couple of findings. Emerging technologies are important or very 
important according to Delphi survey respondents. However, some fluctuations were noted: 

• Blockchain appeared to be less important technology for development of XR 
hardware (40% who selected that technology is not important at all or slightly 
important), and XR applications, incl. metaverse (22%). 

• While the vast majority of respondents answering the question about XR hardware 
indicated that the emerging technology is at least moderately important, some more 
fluctuations were noticed in respondents‘ answers about XR applications, incl. 
metaverse. In addition to blockchain, experts evaluate novel photonic technologies 
(22% think that it is not important at all or only slightly important), graphene and 
metamaterials (20%), and optics and sensing (18%) as less important in question 
about XR applications, incl. metaverse. 
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Note: N=51  
Source: Delphi survey, round 1, 2023. 
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Q2-1. To what extent do you agree with these findings: 

 
Strongly 
agree 

Agree Disagree 
Strongly 
disagree 

Do not know/ 
cannot 
answer 

Blockchain is less important emerging 
technology for development of XR 
hardware and application of XR (incl. 
metaverse) 

     

All listed emerging technologies are at 
least moderately important to the 
development of XR hardware 

     

Novel photonic technologies are less 
important for development of application 
of XR (incl. Metaverse) than other 
emerging technology fields 

     

Graphene and metamaterials are less 
important for development of application 
of XR (incl. Metaverse) than other 
emerging technology fields 

     

Optics and sensing are less important for 
development of application of XR (incl. 
Metaverse) than other emerging 
technology fields 

     

Q2-2. Please elaborate on your answer. If you have any comments on findings, please 
note them here. 

 

Q2-3. In your opinion, why importance of emerging technologies differs for XR 
hardware and XR application (incl. metaverse) development? 

 

Q2-4. To what extent do you agree with the following statements?  

The following statements were collected through open questions in the first round of the 
Delphi survey. Thus, we would like to ask your views on it.  

 
Strongly 
agree 

Agree Disagree 
Strongly 
disagree 

Do not know/ 
cannot 
answer 

The use of suits, gloves, and scents to 
complement the experiences needs 
improvement and more accessible costs 

     

Hand tracking algorithms could break 
through current technology limitations and 
accelerate the development of metaverse 
and wider uptake of XR 

     

Embodiment is an important field that still 
needs improvement and that is essential 
to complement the immersive experience 

     

There remains a great deal of work to be 
done on energy management and storage 
for wearable devices 

     

Security (lack of secure authentication 
and access to highly sensitive data not on 
the user's device) is a barrier to wide-
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scale adoption in the industrial and 
enterprise/defence sectors 

Automatic 3D content generation through 
AI could break through current technology 
limitations and accelerate the 
development of metaverse and wider 
uptake of XR 

     

Q2-5. Do you have any other thoughts or comments on potential and impact of 
emerging technologies on XR? 

 

Thank you 

Your participation in this survey will provide valuable insights that will help shape the future 
of XR in the EU industry. Thank you for your time and expertise. 
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Annex 6: Case studies 

Case study #1: Digital Catapult 

Table 19. Overview of Digital Catapult 
Geographic area Europe 

Country United Kingdom 

Website (if available) https://www.digicatapult.org.uk/  

Budget £1.2 billion (overall Catapults funding - see body text) 

Objectives and scope  

Digital Catapult is the British government innovation agency for the digital and software 
industry. It is part of the UK Catapults network, an array of technology and innovation 
centres spanning multiple sectors to deliver innovation by connecting the government with 
industries and researchers. 

The agency is funded as part of the UK’s Digital Strategy, which aims to consolidate and 
maintain the UK’s supremacy in Europe regarding tech innovation, as well as making sure 
digitalisation is widespread around the country, and young talents and tech enterprises 
continue to grow and be supported. The Digital Strategy covers most of the technological 
sectors, including new developments, such as artificial intelligence and quantum 
technologies. 

Digital Catapult, within this ambitious plan, is to serve as an accelerator for new start-ups 
and established businesses alike, as well as to work with the public sector, academic 
institutions, associations, investors, and venture capitalists, in order to promote the growth 
of the technology environment. The focus within the agency is on three expertise areas: 
virtualisation, supply chains, and digital infrastructure. This case study will explore their 
activities of virtualisation, which includes three key active initiatives: 

• The Advanced Media Production Facility, ‘Studios UK’, a fully equipped facility that 
facilitates full-scale productions and research and development efforts. Its primary 
aim is to encourage media production using new technologies, as well as cross-
technology experimentation. The facility offers access to a range of cutting-edge 
technologies including XR, AI, 5G, cloud rendering, and edge computing. It is open 
to businesses, individuals, and researchers.255  

• The MyWorld programme, based in the West of England, is a cooperation between 
the University of Bristol and 30+ media companies from the area. Its work is focused 
on forging a lasting network and relationships between XR companies and/or 
researchers, providing funding and technical support for businesses of all sizes. Its 
goal is to find and tackle the main challenges to the industry in the West of England, 
known to be an industry hotspot for audio-visual entertainment.256 

• The Design Smarter Digital Twins project, a 5-years endeavour in collaboration with 
industrial partners, aims to build a digital twinning and cyber physical infrastructure 
centre, the first in the UK, called DT Hub. The goal of the project will be to ‘support 
industry adoption of digital twins and complex cyber physical systems, with a focus 
on high fidelity and real-life industry challenges’.257 

 
255 Digital Catapult, available at: https://www.digicatapult.org.uk/apply/labs/advanced-media-production/  
256 Interview with Digital Catapult representative, 2023 April 3 
257 Digital Catapult, available at: https://www.digicatapult.org.uk/expertise/virtualisation/  

https://www.digicatapult.org.uk/
https://www.digicatapult.org.uk/apply/labs/advanced-media-production/
https://www.digicatapult.org.uk/expertise/virtualisation/
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Additionally, there are several agency-wide initiatives that may also have relevance for the 
virtualisation ecosystem. These include the Digital Manufacturing Programme, which 
provides innovation support to manufacturing, construction, and automotive businesses; 
Critical Dialogues, an interactive installation seeking to provoke ideas about future uses of 
technology applications; and the ‘Made Smarter’ Technology innovator, a national 
accelerator programme for the manufacturing sector.  

Digital Catapult was established in 2013 by the UK Government in cooperation with UKRI 
– Innovate UK (the UK’s public body for innovation). In the virtualisation area, it can count 
on many completed projects and initiatives, among others: 

• 5G VISTA, related to multimedia Broadcast and Multicast service (FeMBMS) 
technology for events organization, and 5G Festival, a live immersive hybrid concert 
that saw the performances of 21 artists, and harnessed the potential of 5G and 
immersive technologies for the music industry. These two projects were part of the 
government’s £200 million ‘5G Testbeds and Trials Programme’ of investment in 
5G.258  

• CreativeXR, a 3-year project that saw 20 small teams create a content distribution 
platform, to promote the grassroot use of immersive technology in the creative 
industry. The project assisted participants up to the prototype stage.259 

• Augmentor, a recurring 12-week programme started in 2017-2018 that ran up to 
2020 delivering business and technical mentorship for augmented reality 
applications.260   

• ‘Audience of the Future’, funded by UKRI and run from 2017 to 2020.261 It saw the 
cooperation of Digital Catapult as a facilitator, to convene the numerous actors 
involved, and as a research entity, a role that produced a landscape report on the 
UK immersive industry environment, and an Immersive Audience Journey report.262 
These were themes that the demonstrators involved found particularly salient to their 
needs.263 

The UK Department for Digital, Culture, Media, and Sport has supported the Catapults 
programme, including  Digital Catapult, with direct public funding of £1.2b for the period 
2018-2023.264 While detailed information on funding is limited, some initiatives have 
disclosed their budget publicly online: the MyWorld initiative has been supported by UKRI 
with an investment of £30m, expected to boost the local economy by £223m.265 Audience 
of the Future has invested £39.3m in the development of new immersive technologies.266 
Finally, the 5G Festival saw an investment of around £5m from the Catapult and its 
partners.267  

While some virtualisation initiatives are still ongoing, they have already achieved many 
successes. The MyWorld initiative is already working with tech giants, such as Netflix, 
Microsoft, and Google.268 The 5G VISTA project saw the cooperation of the Catapult with 
nine different industry partners, some as important as Virgin Media O2. The DT Hub already 
counts 3,500 individual members, representing more than 1,600 Organisations, from nearly 

 
258 Digital Catapult, ‘Annual Engagement & Impact Report 2021-2022’, pp.43. 
259 Interview with Digital Catapult representative, 2023 April 3 
260 Digital Catapult, available at: https://www.digicatapult.org.uk/expertise/programmes/programme/augmentor/  
261 Audience of the Future, available at: https://audienceofthefuture.live/about/ 
262 Full reports available at: https://audienceofthefuture.live/in-depth/#reports  
263 Interview with Digital Catapult representative, 2023 April 3 
264 Department for Digital, Culture, Media and Sport, available at: https://www.gov.uk/government/publications/uks-digital-

strategy/uk-digital-strategy#annex 
265 Digital Catapult, available at: https://www.digicatapult.org.uk/about/press-releases/post/myworld-pioneering-startups/ 
266 UKRI, available at: https://www.ukri.org/what-we-offer/our-main-funds/ukri-challenge-fund/artificial-intelligence-and-data-

economy/audience-of-the-future-challenge/ 
267 Digital Catapult, available at: https://www.digicatapult.org.uk/expertise/case-studies/study/5g-festival/ 
268 Digital Catapult, available at:  

https://www.digicatapult.org.uk/expertise/programmes/programme/augmentor/
https://audienceofthefuture.live/about/
https://audienceofthefuture.live/in-depth/#reports
https://www.gov.uk/government/publications/uks-digital-strategy/uk-digital-strategy#annex
https://www.gov.uk/government/publications/uks-digital-strategy/uk-digital-strategy#annex
https://www.digicatapult.org.uk/about/press-releases/post/myworld-pioneering-startups/
https://www.ukri.org/what-we-offer/our-main-funds/ukri-challenge-fund/artificial-intelligence-and-data-economy/audience-of-the-future-challenge/
https://www.ukri.org/what-we-offer/our-main-funds/ukri-challenge-fund/artificial-intelligence-and-data-economy/audience-of-the-future-challenge/
https://www.digicatapult.org.uk/expertise/case-studies/study/5g-festival/
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80 countries.269 The Augmentor programme was also a success, with participants from 10 
countries across the world harnessing investment for over £3.1m.270 

Assessing the impact at a global level for the XR industry and EU 
strategic autonomy  

As discussed in the section above, Digital Catapult has successfully implemented a large 
number of initiatives for the immersive environment over the years. The quality of their 
industry engagement is also high, as evidenced by collaborations with established 
international brands, such as Nvidia, Amazon, and Unity animation. Most initiatives can be 
considered successful in many ways, including the engagement generated and the funding 
raised.  

Digital Catapult focuses on reducing business barriers in XR adoptions for businesses of all 
sizes.271 This means making technology that is often expensive, such as visors or 
simulators, available to smaller businesses, removing the risk connected to investment in 
hardware.272 Conversely, larger businesses face different challenges and barriers, with the 
most prominent being change management within the enterprise once ambitious plans for 
adoption of XR are brought forward. In these cases, Digital Catapult helps the companies 
find long-lasting value for the business in using XR, by incorporating the technology in long-
term business plans. This often means ‘starting small’, by experimenting with XR in a single 
straightforward use case, and then extending the technology one phase at a time.273 

In European ecosystems, these business-related challenges are also present and would 
benefit from agencies, such as Digital Catapult. For example, the issue of hardware cost is 
particularly felt by the agri-food and health ecosystems, while the inadequacy of business 
models is prominent in the tourism and agri-food sectors.274 European SMEs across 
sectors, moreover, would benefit in mentorship, such as what Digital Catapult offers, as 
they often struggle to integrate immersive technologies in their operations and workflow.275  

In many cases, Digital Catapult helps businesses in solving struggles where there is still 
little research available. Many barriers still need to be broken by businesses on the road to 
XR adoption, such as ethical questions, and issues of privacy and security.276 This is part 
of Catapult‘s work and could deliver interesting results in the long-term. For instance, a 
particular sector that Digital Catapult is starting to work with is energy-intensive industries. 
While the transition to XR technologies in this area is a slow process, the Digital Twins 
initiative is slowly working on identifying best practices in technology change for heavy 
industries. Although the project is just starting out, if successful, it could represent a 
replicable initiative for European enterprises, which, similarly to the UK, have been relatively 
slow in incorporating immersive technologies into their workspaces.277  

Case study #2: Metaverse Seoul 

Table 20. Overview of Metaverse Seoul 
Geographic area Asia 

Country South Korea 

 
269 Digital Catapult Progress Report 2022, available at: https://www.digicatapult.org.uk/wp-content/uploads/2022/11/Digital-

Catapult-AR22-FINAL-2.pdf  
270 Digital Catapult, available at: https://www.digicatapult.org.uk/expertise/programmes/programme/augmentor/  
271 Ibid. 
272 Ibid. 
273 Ibid. 
274See chapter 2.4 of this report.. 
275 Ibid. 
276 Interview with Digital Catapult representative, 2023 April 3 
277 See chapter 2.2 of this report. 
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Website (if available) http://metaverseseoul.kr/user/  

Budget 40.5 billion won (approx. €27,879,500) - estimate  

Objectives and scope 

Metaverse Seoul is a ground-breaking initiative, being the first public metaverse worldwide. 
It is a fully public initiative by the Seoul Metropolitan Government (SMG). Metaverse Seoul 
is part of the city’s broader digital policy efforts, which aim to convert Seoul into ‘a future 
smart standard city leading digital transformation’.278 Metaverse Seoul is designed to 
become a space for citizens to connect with businesses and institutions, and even take 
virtual tours of tourist hotspots. The main services offered include the following:279  

• Creation of a participatory space that citizens can enjoy together, featuring virtual 
locations, such as the Seoul Mayor's office and Seoul Plaza, which includes an open 
e-book library.  

• Industry support through public relations and investment consultations for the 
industrial ecosystem. The Metaverse Fintech Lab enables participating companies 
to hold fairs and establish promotional booths for Metaverse users. 

• Provision of the ‘Avatar Counselling Room’, where teenagers can get virtual 
psychological counselling. 

• Tax inquiry services and tax advice through local tax education and AI chatbots. 

• Issuance of documents and certificates, such as resident registration copies, in the 
Metaverse. 

• Civil complaint counselling for overall administrative matters in Seoul. 

• Virtual replicas of Seoul’s top 10 most loved attractions allowing foreigners and 
locals to visit virtually. 

• Live chat function with built-in English translation. 

• Spaces where citizens can raise virtual pets, engage in mini-games, participate in 
contests, and solve quizzes about city policies.  

Figure 28. Illustrations of phase one Metaverse environments and services 

Seoul Plaza Meta pet Mayor’s office 

 

 
 

Source: Seoul Metropolitan Government.  

Metaverse Seoul is already operational and accessible to individuals who follow the 
instructions provided on the website, which includes identity verification through South 

 
278 Seoul Metropolitan Government, available at: https://news.seoul.go.kr/gov/archives/2092  
279 Seoul Metropolitan Government, available at: https://news.seoul.go.kr/gov/archives/544743 ; 
Written interview with Seoul Metropolitan Government employee, 03/05/2023 

https://news.seoul.go.kr/gov/archives/2092
https://news.seoul.go.kr/gov/archives/544743
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Korean service providers. Overall, the initiative is designed as a five-year plan, divided into 
three stages: the ‘introduction’ phase (2022), focused on the designing and developing the 
metaverse and its spaces and services; the ‘expansion’ phase (2023-2024), currently in 
progress, which involves the introduction of new functions;280 and the ‘settlement’ phase 
(2025- 2026).281  

• Exhibition space for artists and companies will be created through the Metaverse 
Dongdaemun Design Plaza (DDP). 

• Metaverse Citizen Safety Experience Centre, where citizens will be able to 
experience emergency scenarios (earthquakes, fires, typhoons...), and learn 
evacuation and safety practices. 

• The Real Estate Contract Experience Service, to help first-time tenants rent safely. 

• Expansion of the multilingual version and functions for visiting foreigners.  

Figure 29. Illustration of phase two Seoul Metaverse environments and services 

(Below) the DDP (Below) Metaverse Citizen Safety Experience 
Centre 

 
 

(Below) Real Estate Contract Experience Service (Below) Multilingual functions for foreigners 

 
 

Source: Seoul Metropolitan Government. 

The ‘settlement’ phase will be built around a planned citizens’ demands survey, which will 
determine what tangible services are most needed by citizens in the Metaverse. This phase 
also foresees a focus on the public’s engagement and immersion in the virtual world.282 

The funding provided by the SMG for the ‘introduction’ phase amounted to 2,075 million 
won (approx. €1.431.283,45) in 2022.  For the year 2023, the initiative has been allocated 
an estimate of 2,304 million won (approx. €1.586.032,13) for ‘construction costs’, related 
both to the operation of existing services and the addition of new ones (‘expansion’ 

 
280 Written interview with Seoul Metropolitan Government employee, 03/05/2023 
281 Smart Cities Connect, available at: https://smartcitiesconnect.org/seoul-will-invest-in-metaverse-communications-

platform-for-city-services/  
282 Interview with Seoul Metropolitan Government employee, 03/05/2023 

https://smartcitiesconnect.org/seoul-will-invest-in-metaverse-communications-platform-for-city-services/
https://smartcitiesconnect.org/seoul-will-invest-in-metaverse-communications-platform-for-city-services/
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phase).283 The overall estimated funding that was announced in 2021 to be allocated to all 
three phases is 40.5 billion won (approx. 27.879.471,00 €). However, the exact budget is, 
and will be, allocated on a yearly basis, making it challenging to provide an exact breakdown 
of funding for each phase or determine the overall funding amount at this time.284 

Assessing the impact at a global level for the XR industry and EU 
strategic autonomy 

At the time of writing (April 2023), the Metaverse of Seoul has been operational for a few 
months, not long enough to assess its impact on society. As of May 2, 2023, the number of 
cumulative visitors to Metaverse Seoul was 45,629, and the number of app installations was 
16,907.285 For context, the population of Seoul is estimated at more than nine million 
people.286  

However, the initiative has attracted lots of local and international press, making this 
perhaps the most popular and widely discussed initiative among the case studies in the 
scope of this study. Metaverse Seoul was selected as the '2022 Best Inventions 200' by 
Time Magazine in November 2022.287 It is also in constant growth, and it is designed to 
become a permanent service beyond the three initial phases. In fact, the reason why the 
government decided to build its own metaverse platform is to provide a permanent, reliable 
service to citizens, in expectation of a generalized growth of the metaverse as a publicly 
widespread technology.288 

The great public attention generated by the initiative and the publicity that followed present 
an opportunity to address the challenge of limited user adoption of XR technologies in 
Europe. Furthermore, tying metaverse technologies to public services that are highly useful 
for the citizens, and putting the initiative at the forefront of city policy, could ultimately 
contribute to changing public attitudes towards the metaverse, encouraging greater popular 
acceptance and awareness of virtual reality technologies.   

The Metaverse also represents a conspicuous opportunity for XR businesses and traditional 
ones alike to use the newly created virtual environment, to widen their audience, advertising 
their services in virtual showrooms, and connecting with other enterprises in their field. They 
can also benefit from increased technological demand for XR, which will be generated by 
the initiative itself (which will need technical support and development), but also by a 
possible societal change in favour of more widespread XR adoption.  

A public metaverse in Europe, on a local, or even pan-European scale, could bring similar 
benefits:  

• Enterprises belonging to all European ecosystems could leverage the metaverse as 
an advertising platform and a networking hub, allowing different actors to connect 
and collaborate without the need for physical presence. 

• The cultural and creative industries would have an unprecedented opportunity to sell 
and showcase their XR-based work, such as virtual motion picture productions, but 
also to craft events and immersive experiences for the public, similar to the Festival 
of Lanterns, planned by Metaverse Seoul.289 

 
283 Ibid. 
284 Ibid. 
285 Ibid. 
286 Seoul Metropolitan Government, available at: https://english.seoul.go.kr/seoul-views/meaning-of-seoul/4-population/  
287 Written interview with Seoul Metropolitan Government employee, 03/05/2023 
288 Ibid. 
289 Creatori di Futuro, available at: https://creatoridifuturo.it/nuove-tecnologie-e-web-2-0/seoul-metaverse-la-prima-grande-

smart-city-del-futuro/  

https://english.seoul.go.kr/seoul-views/meaning-of-seoul/4-population/
https://creatoridifuturo.it/nuove-tecnologie-e-web-2-0/seoul-metaverse-la-prima-grande-smart-city-del-futuro/
https://creatoridifuturo.it/nuove-tecnologie-e-web-2-0/seoul-metaverse-la-prima-grande-smart-city-del-futuro/


 ZERO-DISTANCE XR APPLICATIONS AND SERVICES 

163 

• The digital ecosystem would increase its relevance in developing the metaverse 
itself, but also by servicing other businesses that want to get access to it, in a 
development similar to the current project of the Luxembourg Metaverse.290 The 
electronics ecosystem would be able to focus on developing and refining XR and 
VR hardware, benefitting from increased revenue from their sales. 

• The retail and tourism ecosystems would be able to create ad-hoc products to use 
in the metaverse, such as avatar outfits and virtual tours. These products are already 
being experimented with in Europe,291 and could be more sustainable and/or energy 
efficient, as well as more cost-effective, than their traditional counterparts. 

• Lastly, providing public services in the metaverse could make citizens’ relationships 
with public institutions easier and more streamlined, improving the efficiency of 
service (e.g., reducing wait times and providing integrated services, with different 
public services all in one place), and cutting costs. It would also improve 
sustainability as fewer citizens would commute. 

Case study #3: RLab 

Table 21. Overview of RLab 
Geographic area North America 

Country USA 

Website (if available) https://edc.nyc/program/virtual-reality-and-augmented-reality-lab-vrar-lab  

Budget $5.6 million USD (initial funding) - approx. € 5,184,144.00 

Objectives and scope 

RLab is a public initiative funded by the New York Mayor’s Office of Media and 
Entertainment and NYCEDC, a non-profit organization that aims to strengthen local 
communities in NY, by creating jobs and opportunities for citizens and businesses. It is part 
of an overarching policy, the ‘New York Works’ plan, launched in 2017 to generate 30,000 
well-paying technology jobs in the city.292 RLab will be initially administered through the 
NYC Media Lab consortium, created by the city to promote innovation and its adoption 
across a variety of social actors. 

RLab will take the form of a physical space, a VR laboratory available to startups, 
businesses, community organizations, students, and universities. Its listed main objectives 
are the following: 

• Support New Ventures, by providing funding, workspace, equipment, mentorship, 
networking opportunities, and resources to start-ups. 

• Expand and Increase Access to the Talent Pipeline by cooperating with universities 
to create education programs, scholarships, and learning opportunities for students. 

• Foster Research by creating the preeminent VR/AR research centre in the country, 
thanks to strong ties to main university institutions. 

• Build VR/AR Community through programming and events, including community 
outreach programs. 

 
290 Research Luxembourg, available at: https://www.researchluxembourg.org/en/a-future-digital-twin-for-luxembourg-in-the-

metaverse/  
291 See chapter 2.2 of this report. 
292 Tandon School of Engineering, available at: https://engineering.nyu.edu/news/unveiling-rlab-first-city-funded-vrar-center-

country-opens-doors-brooklyn-navy-yard  

https://edc.nyc/program/virtual-reality-and-augmented-reality-lab-vrar-lab
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https://engineering.nyu.edu/news/unveiling-rlab-first-city-funded-vrar-center-country-opens-doors-brooklyn-navy-yard


ZERO-DISTANCE XR APPLICATIONS AND SERVICES  
 

164 

• Spur Corporate VR/AR Innovation by extending cooperation with companies 
through projects and corporate innovation programmes. 

RLab’s facility was completed in 2019. Examples of early projects completed are:293  

• XR start-up bootcamp to develop startup concepts on a variety of topics ranging 
from 3D modelling to VR and robotics, involving NYU, Columbia, CUNY, The New 
School, and Pratt Institute.  

• RLab training programs to help start-ups and entrepreneurs learn about XR 
technologies and their applications, in partnership with the Lehman College VR 
Training Academy, which is partnering with Eon Reality and The Knowledge House. 

• A series of trainings and workshops in applications of virtual and augmented reality 
for journalism, organized by the Craig Newmark Graduate School of Journalism at 
CUNY.   

• A fellowship program to create work-study and training opportunities created by the 
Macaulay Honors College at CUNY.  

• The “Storyteller in Residence” award, with the goal of increasing social engagement 
with AR/VR, launched by Eyebeam, a Brooklyn-based platform for artists to engage 
society's relationship with technology. 

The initial funding from the City’s Mayor Office of Media and Entertainment amounted to 
$5.6 million. 

Assessing the impact at a global level for the XR industry and EU 
strategic autonomy 

While the initiative generated a lot of interest initially in 2018, especially from the universities 
involved, there is limited recent information available regarding Rlab. Currently, there is a 
lack of recent news regarding ongoing projects, or the continued operation of the laboratory.  

However, a laboratory that provides community space and supports enterprises with 
funding and mentorship, could be an asset for Europe as well. In particular, the community 
engagement component would help boost user awareness of XR technologies and increase 
their confidence in them, through ad-hoc programs that show the benefits of XR against 
more traditional technologies. These initiatives could also have useful, if unrelated, social 
benefits, such as youth engagement and social integration. Meanwhile, businesses would 
benefit from improved access to funding at all levels, and an increasingly coordinated and 
organized European XR environment.   

European ecosystems where financial and business-related barriers are particularly strong 
would benefit greatly from this initiative. For example, the digital, cultural and creative 
industries, and proximity, social economy, and civil security ecosystems would be able to 
access funding, which is currently scarce.294 Effective mentorship provided on-site by the 
labs could also help with establishing more effective business models, which are rather 
ineffective in some European ecosystems, such as agri-food and tourism.295 If the initiative 
were to be implemented across EU Member States, with multiple interconnected 
laboratories, the industry could benefit from European integration and growth, enabling 
Europe to better compete in the global XR market. This would be particularly relevant for 

 
293 Ibid. 
294 See chapter 2.4 of this report. 
295 Ibid. 
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the aerospace and defence, digital, electronics, and cultural and creative industry 
ecosystems.296 

SMEs and start-ups in all fields would be able to experiment with, and perhaps adopt, XR 
technologies, especially where there is untapped potential. For example, the agri-food 
sector could experiment with, and start using on a bigger scale, XR technologies for training, 
education, or remote collaboration.297 Similarly, the energy renewables sector could benefit 
from widespread use of XR in all Member States, while these applications are now 
concentrated in Northern Europe.298  

Strong community engagement through designated collaborative projects could foster 
expertise development in education and training, with programs that incorporate XR 
experimentation and use.299 This would also raise public awareness and confidence in XR 
technologies, addressing barriers to adoption in European ecosystems, namely agri-food, 
energy-intensive industries, energy renewables, retail, textile, and tourism.300 

Case study #4: Metaverse Customer Happiness Service 
Centre (Metahealth)  

Table 22. Overview of Metaverse Customer Happiness Centre 
Geographic area Asia 

Country UAE 

Website (if available) https://www.ehs.gov.ae/en/metaverse 

Budget Unknown fraction of AED 53.7m (approx. €13.6m) 

Objectives and scope 

The ‘Metaverse customer happiness service centre’, or Metahealth, is an initiative led by 
the Ministry of Health and Prevention of the UAE. It has been presented at the Arab Health 
exhibition in 2022301 as part of a broader intention to develop virtual world-related public 
services in line with the UAE's Fourth Industrial Revolution (4IR) policy strategy.302 The 4IR 
strategy encompasses various technologies, including ‘artificial intelligence, blockchain, 
virtual and augmented reality’.303 

Metahealth is envisioned as a customer service centre situated in the virtual world, which 
citizens will be able to access through the Ministry of Health website, using their real 
identities, including facial features. Its aim is to assist the general public and individuals who 
may face physical limitations. Users will be able to ‘request information, submit documents, 
pay fees and more’.304 It could also offer an alternative to in-person hospital or GP visits.305 
Another goal of the initiative, as it was presented at the Arab Health exhibition, was to 
showcase the digital and technological advancement of the UAE healthcare sector to the 

 
296 Ibid. 
297 See section 2.2 of this report. 
298 Ibid. 
299 Ibid. 
300 See section 2.4 of this report. 
301 Arab Health website, available at: https://www.arabhealthonline.com/en/Home.html  
302 The UAE’s Fourh Industrial Revolution (4IR) Strategy, available at: https://u.ae/en/about-the-uae/strategies-initiatives-

and-awards/strategies-plans-and-visions/government-services-and-digital-transformation/the-uae-strategy-for-the-
fourth-industrial-revolution  

303 UAE Ministry of Health, available at: https://mohap.gov.ae/en/media-center/news/25/1/2022/ministry-of-health-launches-
worlds-first-metaverse-customer-happiness-service-center  

304 Ibid.  
305 TMRW Foundation, available at: https://www.tmrw.com/mohap-customer-service-center-launch/  

https://www.arabhealthonline.com/en/Home.html
https://u.ae/en/about-the-uae/strategies-initiatives-and-awards/strategies-plans-and-visions/government-services-and-digital-transformation/the-uae-strategy-for-the-fourth-industrial-revolution
https://u.ae/en/about-the-uae/strategies-initiatives-and-awards/strategies-plans-and-visions/government-services-and-digital-transformation/the-uae-strategy-for-the-fourth-industrial-revolution
https://u.ae/en/about-the-uae/strategies-initiatives-and-awards/strategies-plans-and-visions/government-services-and-digital-transformation/the-uae-strategy-for-the-fourth-industrial-revolution
https://mohap.gov.ae/en/media-center/news/25/1/2022/ministry-of-health-launches-worlds-first-metaverse-customer-happiness-service-center
https://mohap.gov.ae/en/media-center/news/25/1/2022/ministry-of-health-launches-worlds-first-metaverse-customer-happiness-service-center
https://www.tmrw.com/mohap-customer-service-center-launch/
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international scene. In fact, other services planned for the Metaverse by the Ministry include 
a Metaverse Mental Health Clinic, and a Metaverse Family Health Promotion Clinic.306 

The initiative was presented in January 2022, and was due to be implemented by mid-2022, 
but there seems to be no evidence yet of its launch. The Ministry considers this initiative as 
a pilot project; citizens will be able to benefit further from the use of virtual reality technology, 
which will be gradually extended to become a crucial part of the UAE healthcare sector over 
the next 50 years.307 

The platform was developed by the TMRW Foundation, a web3 company based in 
Luxembourg, for the UAE Ministry of Health and Prevention. 

Metahealth is part of an Emirates Health Service (EHS) funding cohort that funded three 
projects: ‘Metahealth’, ‘Community Mental Health’, and the ‘Integrated Revenue Cycle 
Management System’. The budget allocated by the EHS to all three initiatives is AED 53.7 
million (approximately €13.6m as of 06/06/2023); however, the exact amount dedicated to 
Metahealth has not been specified.308 

Assessing the impact at a global level for the XR industry and EU 
strategic autonomy 

The Metahealth initiative is on the verge of becoming operational and its impact will be 
determined once it is fully implemented. At present, it has garnered significant attention from 
the press, especially within the UAE, and a few foreign specialized news outlets, such as 
xrtoday.com, cryptonomy.ch, or NFTgators.com. 

The Metahealth initiative provides noteworthy examples of how to address barriers within 
the XR industry: 

• The initiative does not seem to require users to own a virtual reality visor, as it seems 
to be planned to be accessible through a simple browser, even though a visor would 
make the experience more immersive. This could broaden its public adoption, as it 
cuts costs for the consumer, but also because it would help users get more familiar 
with the technology.  

• It could also boost public confidence in XR, if the public finds that the platform 
significantly improves their quality of life and is easy to use. 

• The initiative employs RealityOS, a trademarked software platform developed by 
TMRW, known for providing an abstraction of reality and computing resources 
through virtualisation technologies. This comprehensive software solution for XR 
applications could break existing barriers to limited software availability for similar 
initiatives. 

In Europe, an initiative of this kind could benefit the health ecosystem through increased 
efficiency of medical practices, reducing physical lines at healthcare centres and could 
provide greater accessibility for patients who have limited mobility. This would also increase 
the sustainability of the European health ecosystem, as citizens who would normally travel 
to the healthcare centre for small errands (such as asking for a medical certificate or 
prescription), would not need to leave the house, without compromising on human 
interaction.  

 
306 Emirates Health Service, available at: https://www.ehs.gov.ae/en/metaverse 
307 UAE Ministry of Health & Prevention, available at: https://mohap.gov.ae/en/media-center/news/25/1/2022/ministry-of-

health-launches-worlds-first-metaverse-customer-happiness-service-center  
308 Day of Dubai, available at: https://www.dayofdubai.com/news/emirates-health-services-presents-three-major-

transformational-projects-board-meeting  

https://mohap.gov.ae/en/media-center/news/25/1/2022/ministry-of-health-launches-worlds-first-metaverse-customer-happiness-service-center
https://mohap.gov.ae/en/media-center/news/25/1/2022/ministry-of-health-launches-worlds-first-metaverse-customer-happiness-service-center
https://www.dayofdubai.com/news/emirates-health-services-presents-three-major-transformational-projects-board-meeting
https://www.dayofdubai.com/news/emirates-health-services-presents-three-major-transformational-projects-board-meeting
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Case study #5: Queensland XR Hub 

Table 23. Overview of Queensland XR Hub 
Geographic area Australia and Oceania 

Country Australia 

Website (if available) https://qldxrhub.com/  

Budget Unknown 

Objectives and scope 

Queensland XR Hub is a public initiative of the State Government of Queensland.  It 
consists of a hub for advancing knowledge and expertise in the field of XR, aiming to 
develop the local industry through local capabilities to promote sustainable XR ecosystem 
growth in Queensland. The initiative is co-funded by Advance Queensland and Screen 
Queensland.  

Screen Queensland is a publicly available film studio facility and state government-owned 
screen agency that invests in ‘locally produced films, series, and games, and secures 
international and interstate production and post-production into Queensland.’309 The Hub 
was created within Advance Queensland, an initiative for innovation promoted by the 
Queensland government.310 Among its other activities, it offers a physical space to advance 
its aims, called ‘the Precinct’, which is where XR Hub is headquartered.311 All initiatives tied 
to Advance Queensland are part of a broader state strategy for innovation called ‘A Place 
to Innovate’, encompassing the entire innovation ecosystem.312 

The resources and benefits offered by the XR hub, such as personalized advice, 
consultations, access to archives, networking opportunities and tenders, are available to 
members. Membership is free to students and community groups, while professionals, 
businesses, start-ups, and corporations are subject to a variable fee. The XR Hub has 
currently 44 members and has launched 35 initiatives in total.313 

The XR Hub focuses on five key goals:314 

• Building on Queensland’s emerging Immersive Technologies capability and 
community, to create jobs in the local XR industry. 

• Developing local talent and supporting local Immersive Technology startups. 

• Assisting local industry, corporate, and government organisations to better 
understand and engage with Immersive Technologies through education and 
events, in cooperation with industry partners (e.g. ‘Brennan's XR Friends’, a meet-
up organized with two companies working in XR, Real Serious Games and Equal 
Reality), or universities (e.g., The ‘University of Qld XR cybersecurity project’ in 
cooperation with the University of Queensland). These often have a strong 
educational component, and are aimed at spreading knowledge about the 
possibilities and characteristics of XR technologies, in key corporate and 
governmental sectors.315 

 
309 Screen Queensland, available at: https://www.facebook.com/screenqueensland/about_details 
310 Advance Queensland, available at: https://advance.qld.gov.au/about 
311 More information on the Precinct is available at: https://advance.qld.gov.au/precinct 
312 More information on ‘A Place to Innovate’ available at: https://advance.qld.gov.au/queensland-innovation-precincts-and-

places-strategy 
313 Interview with XR Hub representative, 03/05/2023 
314 Advance Queensland, available at: https://advance.qld.gov.au/xr-hub 
315 Interview with Queensland XR Hub representative, 03/05/2023 

https://qldxrhub.com/
https://www.facebook.com/screenqueensland/about_details
https://advance.qld.gov.au/about
https://advance.qld.gov.au/precinct
https://advance.qld.gov.au/queensland-innovation-precincts-and-places-strategy
https://advance.qld.gov.au/queensland-innovation-precincts-and-places-strategy
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• Promoting Queensland’s XR capabilities nationally and internationally. 

• Supporting initiatives to increase investment in emerging Immersive Technology 
businesses. 

Since 2021, the XR Hub has been part of 17 events in various capacities organising, 
facilitating, and collaborating with industries. These events have covered XR technologies 
in fields such as emergency services, the water industry, advanced manufacturing, the 
virtual worlds, sports, the aerospace industry, cybersecurity and privacy.  

Additionally, there have been events focused on industry and business development, such 
as accounting, intellectual property law, accounting, strategic considerations, for SMEs and 
social media monitoring.316  

Another publicly available outcome of the XR Hub is a Queensland start-up, HINDSITE 
industries, which secured 80 000 AUD in funding from aerospace colossus Boeing, after 
winning a pitch competition organized by the Hub.317 XR Hub had previously organized 
presentations and networking events on the theme of aerospace uses of XR, where Boeing 
was one of the participants.318  The Hub turns success stories into case studies, which are 
then published on their website;319 one such case study is the Greater Whitsunday Virtual 
Reality Tour, which is the outcome of a collaboration between the XR Hub and the Greater 
Whitsunday Alliance, the independent regional economic development body for the Greater 
Whitsunday region of Queensland.320 In addition, the Hub also assists companies to draft 
tenders to invest in XR technology. This support is valuable as many industries may lack 
the specific knowledge required for this process. An example that can be found on the 
website is a tender from Energy Queensland published in 2022.321 

The Queensland XR Hub was born in 2020.322 Due to the pandemic, the first year has not 
registered much activity. However, in 2022-2023, thanks to the success of the Boeing pitch 
event and the approaching of the 2032 Brisbane Olympics Games, the Hub has registered 
a rather exponential growth in membership, going from 12 members in April 2022, to 44 at 
the time of writing (May 2023).323  

As of 2023, the Hub is entirely funded by public sources. Initially, the project received a 
lump sum and was expected to continue through September 2023.324 However, due to the 
Hub’s success in creating jobs and opportunities in the industry, negotiations are underway 
to secure funding for additional years of operation.325 According to Karen Sanders, the CEO, 
the Hub would need to receive at least two more years of public funding before it can 
establish a successful business model. This is mostly due to the residual presence of many 
barriers in the local industry, such as prejudices regarding XR applications and potential 
uses.326 Nevertheless, it is the Hub’s goal to be able to financially sustain itself and continue 
operations after government funding.327 

 
316 Full list available at: https://qldxrhub.com/events 
317  - Queensland XR Hub, available at: https://qldxrhub.com/news/boeing-funds-qld-augmented-reality-tech-start-up 
Interview with Queensland XR Hub representative, 03/05/2023. 
318 More detail on the events available at: https://qldxrhub.com/events/advmanvip and https://qldxrhub.com/events/advman 
319 Interview with Queensland XR Hub representative, 03/05/2023 
320 Queensland XR Hub, available at: https://qldxrhub.com/news/the-greater-whitsunday-virtual-reality-tour-case-study  
321 Queensland XR Hub, available at: https://qldxrhub.com/tenders 
322 Interview with Queensland XR Hub representative, 03/05/2023 
323 Ibid. 
324 Ibid. 
325 Ibid. 
326 Ibid. 
327 Ibid. 

https://qldxrhub.com/events
https://qldxrhub.com/news/boeing-funds-qld-augmented-reality-tech-start-up
https://qldxrhub.com/events/advmanvip
https://qldxrhub.com/events/advman
https://qldxrhub.com/news/the-greater-whitsunday-virtual-reality-tour-case-study
https://qldxrhub.com/tenders
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Assessing the impact at a global level for the XR industry and EU 
strategic autonomy 

As mentioned before, and given the relatively young age of the initiative, XR Hub seems to 
be headed for at least modest success. Some local press has been dedicated to the 
initiative, but was limited to media outlets in the tech/XR sector,328 and no international 
media picked up its creation. The Boeing success has especially attracted the attention of 
the local press. However, despite little news representation, XR Hub has already 
established ties with a good number of industry collaborators (35-36), and more 
collaborations are in the process of being created.329 Moreover, the Hub has raised $3 
million AUD in investment for XR applications so far, which is six times the amount that was 
expected at the time of its creation.330 

This initiative provides some inspiration for the European XR industry; a member based XR 
Hub in Europe would help consolidate XR applications across ecosystems. The 
combination of funding and mentorship, along with the development of strong business 
plans, can attract significant investments to European XR industries, as seen with the 
Boeing partnership in Queensland. This, in turn, would also help boost European 
competitiveness in the global XR market, which is a point of weakness at present, especially 
for those ecosystems that are adopting XR technology more strongly.331 Moreover, 
business-related guidance is still strongly needed in some sectors, such as the agri-food 
and tourism ecosystems, which struggle with creating effective business models for XR 
applications and with monetizing their XR content.332 Services offered by the XR Hub, such 
as personalized legal advice on intellectual property law and help with designing effective 
corporate governance, have been found to be very helpful by Queensland start-ups, which 
are often led by experts in the tech sector that are still new to the business mechanisms of 
entrepreneurship.333   

In numerous ecosystems where business barriers to XR are particularly high (e.g., textile, 
tourism, agri-food, health, construction, aerospace and defence, energy renewables, 
electronics, digital, cultural and creative media),334 start-up development, funding, and 
assistance, could increase XR uptake and consequently improve key areas of 
productivity,335 such as efficiency and effectiveness (e.g., Through development of XR 
training start-ups336), higher precision (e.g., through developing AR assistance software for 
construction337), or increased productive outputs (e.g., by creating remote warehouse 
management software for agri-food338). Throughout these ecosystems, the events and 
training opportunities created by the Hub would not only be aimed at creating expertise, but 
also at increasing technological standardization, improving the quality of existent software 
and its relevance for the targeted industries. For example, networking between different 
Hub members could help create XR standardization for use in the European health sector, 
which is currently fragmented by nature.339 The dialogue and software development could 
also trickle down to the technology ecosystems, stimulating them to enhance the quality of 
their hardware according to sectorial demands and the requirements of new software. This 
would be especially helpful in the European aerospace and defence ecosystem, which is 
struggling with software needs to meet its delicate demands.340 

 
328 e.g., IT Brief Australia, available at: https://itbrief.com.au/story/hindsite-wins-aerospace-xelerated-pitch-challenge-with-

solution-to-support-boeing  
329 Interview with Queensland XR Hub representative, 03/05/2023 
330 Interview with Queensland XR Hub representative, 03/05/2023 
331 See chapter 2.4 of this report.  
332 Ibid. 
333 Interview with Queensland XR Hub representatives, 03/05/2023 
334 See chapter 2.4 of this report.  
335 Ibid. 
336 See section 2.2 of this report. 
337 Ibid. 
338 Ibid. 
339 See section 2.4 of his report. 
340 Ibid. 

https://itbrief.com.au/story/hindsite-wins-aerospace-xelerated-pitch-challenge-with-solution-to-support-boeing
https://itbrief.com.au/story/hindsite-wins-aerospace-xelerated-pitch-challenge-with-solution-to-support-boeing
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Case study #6: 19 Units of Digital Transformation 

Table 24. Overview of 19 Units of Digital Transformation 
Geographic area South America 

Country Argentina 

Website (if available) https://www.argentina.gob.ar/noticias/el-gobierno-aprobo-la-creacion-de-19-
unidades-de-transformacion-digital-para-aumentar-la  

Budget 88.045.431 ARS (approx. €352,000.00) 

Objectives and scope 

The initiative is part of the ‘Argentina Productive Development 4.0’ policy established by the 
Secretariat of Small and Medium Enterprises and Entrepreneurs (SEPYME). The policy 
program plans to deliver funding, infrastructure, and expertise to increase the digitalization 
of productive enterprises towards the industry 4.0 paradigm.  

This initiative in particular mandates the creation of 19 units of digital transformation. These 
units will be created within existing institutions, which have each developed specific projects 
to engage with SMEs, and promote their adoption of Industry 4.0 technologies. The 19 
institutions include universities, chambers of commerce, associations, and foundations 
located throughout the country. For the implementation of this initiative, the Argentinian 
government has been supported by the United Nations Development Program (UNDP). 

While the single participating institutions involved differ in the activities and areas of 
expertise provided, they will all have to organize at least three workshops per year, 
engaging with at least 30 SMEs for each. They will also have to organize three seminars 
annually on Industry 4.0 technologies, such as AR/VR, IoT, AI, cybersecurity, or 3D printing. 
Collaboration among the institutions in each region is also expected to produce a specified 
number of ‘comprehensive plans of digital transformation’ (from 10 to 25 depending on the 
region).341 The initiative also plans to create an online virtual advisory channel to serve as 
a repository for digital solutions and tools for enterprises.342 

The funding for the initiative was announced in January 2022. Some of the institutions 
involved have already organised workshops and seminars, such as the ‘Information 
Management’ seminar at the Universidad Nacional de Mar del Plata,343 and the ‘Virtual and 
Augmented reality’ seminar at the Las Parejas Industrial Centre.344 However, due to the 
lack of a comprehensive website, it is challenging to track the overall progress of the 
initiative at this time. 

The overall funding provided to the 19 Units of Digital Transformation by the Ministry of 
Economy amounts to $88.045.431 ARS (approx. €347.707,43). 

 
341 Ministry of Economy, available at: https://www.argentina.gob.ar/noticias/el-gobierno-aprobo-la-creacion-de-19-unidades-

de-transformacion-digital-para-aumentar-la  
342 Ibid. 
343 Universidad Nacional Mar del Plata, available at: https://www.mdp.edu.ar/utd/gestion-de-la-informacion/  
344 Las Parejas Industrial Centre, available at: http://centroindustrial.org/category/utd/ 

https://www.argentina.gob.ar/noticias/el-gobierno-aprobo-la-creacion-de-19-unidades-de-transformacion-digital-para-aumentar-la
https://www.argentina.gob.ar/noticias/el-gobierno-aprobo-la-creacion-de-19-unidades-de-transformacion-digital-para-aumentar-la
https://www.argentina.gob.ar/noticias/el-gobierno-aprobo-la-creacion-de-19-unidades-de-transformacion-digital-para-aumentar-la
https://www.argentina.gob.ar/noticias/el-gobierno-aprobo-la-creacion-de-19-unidades-de-transformacion-digital-para-aumentar-la
https://www.mdp.edu.ar/utd/gestion-de-la-informacion/


 ZERO-DISTANCE XR APPLICATIONS AND SERVICES 

171 

Assessing the impact at a global level for the XR industry and EU 
strategic autonomy 

The initiative so far has generated several seminars, events, and workshops in at least six 
of the entities concerned.345 According to the entities’ websites,346 participation in these 
events has been high, and the organizers possess significant expertise. This is valid for 
both XR-related events and unrelated ones, although XR represents only a small part of the 
overall organized events. Nonetheless, the Argentinian industry seems to be taking steps 
to develop a support system for enterprises interested in implementing the new 
technologies, and the initiative shows promise. If successful, it has the potential to be scaled 
up, perhaps by providing an online repository or a physical space to create a cooperative 
digital transformation entity that oversees the events, but also provides funding and 
laboratory space for industries. 

In situations where resources are limited, initiatives like this could serve as a good starting 
point for the development of the XR ecosystem. Such initiatives do not require building 
laboratories and facilities, but exploit existing spaces and expertise in other institutions. 
Compared to accelerator-type facilities, they are less costly for the government, but still 
enable knowledge transfer to the private sector. This, in turn, also enhances technical 
competencies among Argentinian SMEs. 

As the initiative is targeted to SMEs across all sectors, it has the potential to serve as an 
example for the development of XR in multiple ecosystems. This initiative could be 
particularly valuable for Europe in promoting XR technologies in ecosystems where their 
adoption as a productivity solution is relatively limited, such as agri-food, construction, and 
energy-intensive industries.347 These sectors would benefit greatly from participating in 
expert-led seminars and workshops, so that they could start adopting XR to see increased 
productivity and efficiency. For instance, in the construction sector, where XR has already 
been used in construction sites in the project and training phases, while in agri-food, XR 
could be helpful in monitoring warehouses from a distance.348 Additionally, XR can 
contribute to improved precision in manufacturing, particularly in quality control for energy-
intensive industries,349 leading to fewer costs and reduced production times. 

Case study #7: Electric South 

Table 25. Overview of Electric South 
Geographic area Africa 

Country South Africa 

Website (if available) https://www.electricsouth.org/ 

Budget Approx. €27.500 in public funding (overall budget unknown) 

 
345 Full list available at https://www.argentina.gob.ar/noticias/el-gobierno-aprobo-la-creacion-de-19-unidades-de-

transformacion-digital-para-aumentar-la  
346 Universidad Nacional Mar del Plata - https://www.mdp.edu.ar/utd/, Universidad Nacional de Tierra del Fuego – 

https://utd.untdf.edu.ar/,  
Universidad Nacional de Tucumàn - https://www.facet.unt.edu.ar/utd/sobre-nosotros/, Universidad Nacional de Còrdoba - 

https://fcefyn.unc.edu.ar/facultad/secretarias/extension/unidad-transformacion-digital/novedades-utd/sabias-que-somos-
una-unidad-de-transformacion-digital-utd/, Centro Tecnològico CIDETER - https://cecma.com.ar/cideter-una-de-las-19-
utd-seleccionada-para-aumentar-la-productividad/ and Centro Industrial Las Parejas - 
http://centroindustrial.org/category/utd/ 

347 See chapter 2.2 of this report.  
348 Ibid. 
349 Ibid. 

https://www.electricsouth.org/
https://www.argentina.gob.ar/noticias/el-gobierno-aprobo-la-creacion-de-19-unidades-de-transformacion-digital-para-aumentar-la
https://www.argentina.gob.ar/noticias/el-gobierno-aprobo-la-creacion-de-19-unidades-de-transformacion-digital-para-aumentar-la
https://www.mdp.edu.ar/utd/
https://utd.untdf.edu.ar/
https://www.facet.unt.edu.ar/utd/sobre-nosotros/
https://fcefyn.unc.edu.ar/facultad/secretarias/extension/unidad-transformacion-digital/novedades-utd/sabias-que-somos-una-unidad-de-transformacion-digital-utd/
https://fcefyn.unc.edu.ar/facultad/secretarias/extension/unidad-transformacion-digital/novedades-utd/sabias-que-somos-una-unidad-de-transformacion-digital-utd/
https://cecma.com.ar/cideter-una-de-las-19-utd-seleccionada-para-aumentar-la-productividad/
https://cecma.com.ar/cideter-una-de-las-19-utd-seleccionada-para-aumentar-la-productividad/
http://centroindustrial.org/category/utd/
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Objectives and scope 

Electric South is a non-profit company from South Africa, that over the years has been 
sponsored, among others, by the South African National Film and Video Foundation, as 
well as the Ford Foundation, the Bertha Foundation, Meta, Unity, the Mozilla Foundation, 
the British Council, Goethe Institut, Oculus, VR for Good, Big World Cinema, Blue Ice Docs, 
and SDK Digital Lab.350  

The core of Electric South’s work is the organisation and implementation of XR labs. During 
this work, Electric South acts as a film production studio, providing mentorship for emergent 
XR filmmakers, helping with production and post-production, and funding the best 
projects.351 The films produced use XR, immersive technologies, and other emergent digital 
technologies. After production, the company provides exhibition opportunities and helps 
filmmakers build effective business models for the future. Interactive projects endorsed by 
the studio have reached prestigious international film festivals, such as Sundance Festival, 
IDFA (International Documentary Film Festival Amsterdam), the Venice Film Festival, and 
Tribeca Festival.352 

Electric South has supported numerous festivals and organized many workshops and labs 
across Africa, with the intent to create a community of companies and individuals 
experimenting with emerging filmmaking technologies and innovative storytelling 
throughout the continent.353 Electric South was the organizer of Electric Africa (2020), an 
online free festival that featured 360 films exclusively and saw contributors from all over the 
Global South, including some contributions from South American countries. The event 
included a Metaverse Africa Meetup on VRchat and a closing night event.354 It was 
sponsored by South Africa’s Department of Sports, Arts and Culture, the National Film and 
Video Foundation, the Bertha Foundation, the French Institute of South Africa, and 
LucidWeb.  

As of April 2023, an open call for applications to the ‘African XR Realities Lab’ is active on 
the Electric South Website. The plan is to involve creators and XR experts in the creation 
of eight interactive storytelling prototypes using reality capture tools. This call sees the 
collaboration of Electric South with Meta.355 The company is also implementing a UNESCO-
led initiative, ‘World Heritage Futures Lab’, through promoting the use of VR technologies 
to showcase World Heritage Sites in the region.356  

The company was founded in 2015 and organizes at least one lab a year since 2016 (with 
the exception of 2020 which saw Electric Africa as a virtual alternative to in-person labs). In 
their early years of operation, Electric South’s work focused on 360° technologies, which 
were more developed at the time. The operational focus of the organisation then gradually 
shifted to XR technologies, as they became more available.357 

The bulk of funding received by Electric South comes from private sources, such as the 
Ford Foundation.358 However, some public funding has been allocated to certain projects, 
such as the pan-African new dimensions lab in 2022, which received approximately €25,000 
from the South African National Film and Video Foundation, or Electric Africa, that saw a 
public contribution of around 50.000 ZAR (approx. €2,500).359 A possible reason why public 
funding has been comparatively scarce is that South Africa does not have a comprehensive 
policy plan to allocate funding to XR technologies; the funding allocated comes in fact from 

 
350 Electric South, available at: https://www.electricsouth.org/#supportedby  
351 Electric South, available at: https://www.electricsouth.org/production_year/2021/  
352 Electric South, available at: https://www.electricsouth.org/exhibitions/  
353 Electric South, available at: https://www.electricsouth.org/workshops/  
354 Electric South, available at: https://www.electricsouth.org/electric-africa/  
355 Electric South, available at: https://www.electricsouth.org/open-call-for-the-african-xr-realities-lab/  
356 Electric South, available at: https://www.electricsouth.org/workshop_item/world-heritage-futures-lab/  
357 Interview with Electric South representative, 2023 April 14 
358 Ibid. 
359 Ibid. 

https://www.electricsouth.org/#supportedby
https://www.electricsouth.org/production_year/2021/
https://www.electricsouth.org/exhibitions/
https://www.electricsouth.org/workshops/
https://www.electricsouth.org/electric-africa/
https://www.electricsouth.org/open-call-for-the-african-xr-realities-lab/
https://www.electricsouth.org/workshop_item/world-heritage-futures-lab/
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a ‘special funding’ cohort – rather than from the usual funding used by the National Film 
and Video Foundation for fiction and documentary projects.360  

Assessing the impact at a global-level for the XR industry and EU 
strategic autonomy 

As mentioned above, Electric South has successfully managed to reach the international 
exhibition scene with its films and immersive projects, and has established throughout the 
years numerous ties with international companies and organizations, like Meta. It has also 
succeeded in reaching many African countries with its workshops, which involved creators 
from South Africa, Zimbabwe, Botswana, Mauritius, Nigeria, Sudan, Kenya, and more.361 
Its goals of integrating African individuals and businesses involved in the XR storytelling 
sector seem, therefore, on the way to success. As explained by Antoinette Engel, producer 
at Electric South, the main challenges they have encountered with their organisation are a 
lack of infrastructure, such as low bandwidth connection across much of Africa, and 
difficulties in obtaining funding, since public funding is relatively scarce and private funding 
fluctuates.  

Nevertheless, the scale of collaborations with Electric South is increasing, from national 
organizations to international giants, with their latest project partners being Meta and 
UNESCO. The last two years have also been particularly productive, with a higher than 
usual number of labs and initiatives carried out. The South African XR environment also 
seems to be growing, with public interest in XR technologies increasing and more exposition 
opportunities becoming available for Electric South to showcase their work.362 There is, 
thus, potential for growth within the initiative in terms of interactions between the African XR 
storytelling environment and international companies and platforms, even though at the 
moment there are no concrete plans for scaling the initiative.363 

Workshops created using Electric South as a model could be helpful in reducing societal 
barriers to XR adoption, as well as reducing reluctance within the industry towards XR 
uptake and application. A representative of Electric South identified societal barriers to XR 
adoption as the main barriers they are aiming to tackle. Indeed, helping XR artists grow and 
present their work to wider audiences could help an increasing number of artists to take up 
interest in these new technologies. The hope in doing this is also that more and more 
industries outside the creative technologies sector would eventually respond to the growing 
market opportunities.364 

The European creative sector is already looking at XR technologies to develop innovative 
instruments for storytelling,365 but it would benefit from an organization, such as Electric 
South. The presence of an overarching organization able to harness talent and provide 
funding, assistance, and networking opportunities could help the European cultural and 
creative ecosystem as Electric South did in South Africa and the African region in terms of 
enhanced collaborations and interactions within the ecosystem, and in the international 
scene. A similar European endeavour could possibly increase the competitiveness of the 
European XR industry on a global scale, an outcome that would be welcome by the 
European creative sector.366 It could also increase the productivity of the ecosystem, as 
more creators would receive the funding, they need to start experimenting with XR 
technologies. 

 
360 Ibid. 
361 Electric South, available at: https://www.electricsouth.org/workshops/  
362 Interview with Electric South representative, 2023 April 14 
363 Ibid. 
364 Ibid. 
365 See section 2.2 of this report.  
366 See section 2.4 of this report. 
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More cohesion in the ecosystem would also be instrumental to improve existing software 
and hardware used for creative production, thanks to improved communication within the 
European XR environment. Moreover, a pan-European production studio that also offers 
business guidance would also help improve the XR industry’s business models, which have 
been found to be somewhat weak.367 A concerted effort in media production could also help 
reduce the high European market fragmentation of XR application in the creative 
industries,368 like Electric South is doing for Africa. Similarly, the unified character of the 
platform could also help to open up new much needed marketing opportunities for the 
ecosystem,369 under the guidance of the studio, perhaps based on XR technology itself. 

Case study #8: RAEscolas 

Table 26. Overview of RAEscolas 
Geographic area South America 

Country Brazil 

Website (if available) https://raescolas.ufsc.br/en and https://www.gov.br/cnpq/pt-
br/assuntos/noticias/atualidades/projeto-disponibiliza-ferramenta-gratuita-de-
realidade-aumentada-nas-escolas  

Budget Unknown 

Objectives and scope 

‘RAEscolas – Virtual Reality in Schools’ is an initiative, executed by LabTeC UFSC 
(Laboratory of Computational Technology at the University of Santa Catarina - UFSC), in 
cooperation with the Pro-Rectory of Extension at UFSC and the Open University of London, 
and funded by the Ministry of Science, Technology, and Innovation of Brazil. In particular, 
the government funding comes from the General Coordination for the Promotion of Science 
Teaching (CGPE), an agency created with the aim to ‘develop innovative programs, projects 
and actions in basic education in Brazil, encourage public schools to innovate in education 
and encourage students to dedicate themselves to scientific and technological research, 
and to develop their potential in the field of science in Brazil.’370 

RAEscolas focuses on creating educational artefacts in the form of AR flashcards, 3D 
models, and virtual images that can be augmented and explored in 3D with multiple devices, 
such as VR visors, smartphones, and tablets.371 The artefacts are stored in an online 
repository according to their subject (physics, chemistry, astronomy, human body, 
environment, etc.). The repository can be downloaded freely from the RAEscolas website, 
together with Zappar application, which is required to access the augmented reality 
component.372 The materials are designed for use in primary and secondary education and 
includes training for teachers on the use of technology in the classroom.373 

The initiative was presented, already operational and ready for use in schools, on October 
17th, 2022, at the 19th National Science and Technology Week (SNCT).374 

No publicly available information was obtained on the overall budget allocated for the 
initiative. 

 
367 Ibid. 
368 Ibid.  
369 Ibid. 
370 Ministry of Science, Technology and Innovation, available at: https://www.gov.br/mcti/pt-br/acompanhe-o-mcti/cgpe  
371 RAEscolas, available at: https://raescolas.ufsc.br/en#rarepository  
372 RAEscolas, available at: https://raescolas.ufsc.br/en#zappar  
373 National Council for Scientific and Technological Development, available at: https://www.gov.br/cnpq/pt-

br/assuntos/noticias/atualidades/projeto-disponibiliza-ferramenta-gratuita-de-realidade-aumentada-nas-escolas  
374 Ibid. 

https://raescolas.ufsc.br/en
https://www.gov.br/cnpq/pt-br/assuntos/noticias/atualidades/projeto-disponibiliza-ferramenta-gratuita-de-realidade-aumentada-nas-escolas
https://www.gov.br/cnpq/pt-br/assuntos/noticias/atualidades/projeto-disponibiliza-ferramenta-gratuita-de-realidade-aumentada-nas-escolas
https://www.gov.br/cnpq/pt-br/assuntos/noticias/atualidades/projeto-disponibiliza-ferramenta-gratuita-de-realidade-aumentada-nas-escolas
https://www.gov.br/mcti/pt-br/acompanhe-o-mcti/cgpe
https://raescolas.ufsc.br/en#rarepository
https://raescolas.ufsc.br/en#zappar
https://www.gov.br/cnpq/pt-br/assuntos/noticias/atualidades/projeto-disponibiliza-ferramenta-gratuita-de-realidade-aumentada-nas-escolas
https://www.gov.br/cnpq/pt-br/assuntos/noticias/atualidades/projeto-disponibiliza-ferramenta-gratuita-de-realidade-aumentada-nas-escolas
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Assessing the impact at a global level for the XR industry and EU 
strategic autonomy 

The RAEscolas initiative has successfully developed a comprehensive database of AR 
artefacts. However, there is little evidence of the repository being used in schools. The 
project has also received minimal press coverage. Newspaper Tribuna do Pampa suggests 
that RAEscolas is being implemented in all schools within the Candiota municipality.375 The 
project’s social media also indicates some schools engaging with the initiative, but it is not 
possible to quantify them or evaluate their experience from the publicly available data. 
Overall, it appears that the project has not so far generated enough attention to reach its 
full potential, as it needs to be implemented by more schools to be considered successful. 

The potential of RAEscolas is significant. It offers an opportunity for the adoption of AR 
technologies in public education, overcoming an important infrastructural barrier to AR 
implementation by eliminating the need for specialized hardware. The platform only requires 
the installation of a freely available app, making the platform easy to use and cost-free. The 
app, developed by Zappar, is a simulation software that is freely available worldwide and 
runs on most Apple or Android devices.  

The ease of use of mobile AR applications has the potential for adoption in Europe, as well. 
While it has already been applied in many instances in the tourism sector (tour-guiding 
technology), and in the retail sector (virtual try-ons),376 it can also serve as an alternative 
where public schools, or institutions of the social ecosystem, might not have the budget for 
costly AR educational programs. This would increase the effectiveness of learning without 
having to bear the cost of visors or sensors. Additionally, the initiative would also eliminate 
the need for institutions to cooperate with (and pay for) external personnel, as the initiative 
already provides quick and easy training resources for teachers who want to implement 
RAEscolas in their classrooms.  

  

 
375 Tribuna do Pampa, available at: https://www.tribunadopampa.com.br/projeto-realidade-aumentada-sera-implantado-em-

candiota/  
376 See section 2.2 of this report. 

https://www.tribunadopampa.com.br/projeto-realidade-aumentada-sera-implantado-em-candiota/
https://www.tribunadopampa.com.br/projeto-realidade-aumentada-sera-implantado-em-candiota/
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Annex 7: Workshop report 

Date: June 15, 2023 

Time: 09:30 – 12:00 CET 

Place: Virtual meeting (MS Teams) 

Table 27. Overview of workshop participants 

Participant Organisation 

Alain Gallez stereopsia, XR4Europe 

Anne Bajart European Commission, DG CNECT 

Brian Waterfield BWC/Metaverse Alliance UK 

Lukas Heiduk Statista 

Popescu Andreea European Commission, DG CNECT 

Thomas De Bruyne Deloitte 

Pol Diestre Ecorys 

Marco Sacco EUROXR - CNR-STIIMA 

Marta Palau Franco European Commission, DG CNECT 

Andrea Bravo Metaverse Data & Ethics 

Cederik Haverbeke XR Valley 

Elena Bascone XR4Europe 

Eusebio Felguera Garrido Telefonica S.A. 

Isabel De Peuter-Rutten Euromersive 

Vishal Reddy Immersion Ready 

Thomas Alsop Statista 

Krista Jäntti EventuallyXR 

Sylvie Dijkstra-Soudarissanane TNO 

Patrick Bourdot CNRS - EuroXR 

Ricard Gras Captic GmbH 

Ivan Rajkovic SpectreXR 

Iuliana Moje Euromersive 

Sönke Kirchhof INVR.SPACE - XR4EU 

Albena Dimitrova Mihovska Euromersive 
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Participant Organisation 

Marta Materska-Samek EIT Culture & Creativity - UNA Europa - Jagiellonian University 

 

Introduction 

This document presents the views expressed by workshop participants and should not be 
considered as conclusions or findings of the study. 

• Anne Bajart (DG-CNECT) opened the discussion by marking that this study will feed 
into the recent virtual worlds initiative, and that this study is very timely in terms of 
recommendations and next steps.  

• The study team presented the aims and methodology of the study, as well as key 
findings in terms of the barriers to adoption and development of XR. 

Summary of discussions 

Initial comments on barriers as a whole: 

• Participants considered it to be potentially useful to ‘rank’ the barriers by 
persistence/importance to identify which ones need more (timely) intervention. 

• The participants highlighted the importance of European infrastructure for 
technology development (e.g., connectivity). 

• The importance of involving people in technological advancements and the need to 
involve more potential users for technology to work was also highlighted. 

• Participants remarked that the EU does have competences and resources and has 
produced great actors in XR (Unity, SpectreXR, Lynx, among others). However, the 
EU has the disadvantage of being very dispersed compared to other global players. 

• Some participants were of the view that the EU needs a ‘Marshall plan’ for XR 
technology, involving existing providers, to make EU actors competitive in the global 
market and not just ‘followers’ of foreign product launches. 

Panel discussion one: ‘technological, financial, market-related barriers’ 

Fragmented EU industry and the need for industry networking 

• EU industry is fragmented – XR companies in the EU are usually small and they are 
all trying to make their own breakthroughs. Different MSs have different expertise 
and specialisations. Workshop participants suggested the following to counter this: 

o Europe does not have one big community, but does have many smaller 
communities. Instead of creating new ones, creating a platform would 
create synergies for business and research. 

o Helping each other (as opposed to competing) would be beneficial for all 
actors. This could be facilitated through community-building initiatives. 

o There is the necessity for Europe to adopt a proactive and ambitious 
approach, akin to the creation of Airbus or Galileo. Participants suggested 
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focusing on creating synergies among existing SMEs in the XR technology 
space and corporations developing applications. The need for a collaborative 
networking system was emphasised. 

o Regarding SMEs, it is important to structure their cooperation. Networking 
requires a large structure and Europe’s SMEs do not have the capacity to 
create these networks on their own. 

o In Europe, there is a need for better opportunities to deploy and invent. It 
is necessary to provide the conditions for instant creation. For example, 
events similar to Hackathon but on a larger scale could bring people 
together, and also create opportunities to solve hardware challenges.  

o The EU could promote some sort of smart specialisation per hub/country so 
that duplication of efforts is avoided. 

Ethics and regulation 

• While Europe does not have many big ventures there are strong in ethics within the 
EU. There is potential for the EU to become a leader in ensuring safe XR. 

• The EU needs to be able to target the global market. To facilitate this, the EU must 
decide on a unifying active policy for XR, finding a balance between existing XR 
technologies and new applications. 

• XR should not be overregulated by the EU. For example, concerning issues of 
interoperability, this is a question more relevant to big tech and not the EU.  

• XR technology is not the product, it is a technology. It is fundamental that ethics are 
designed for technology and not for a product. Apple is one good example of this 
and is part of their success. 

• Ethics are important, but also act as a barrier. For example, less data privacy in 
China means more data for deep machine learning. The big issue is how to manage 
ethics and the limitations they create.  As of now, ethical standards can be limiting 
research. Europe will simultaneously need to protect users’ data and also use that 
data during research activities.  

Investment needs 

• There is big discussion around AI and cloud technologies (according to one 
participant in the Netherlands). Which investments could the EU make to amplify 
strengths? Data security, cyber security, and storage are relevant discussion issues 
in the context not only of XR but also of AI. 

• Start-ups need more funding. A beneficial possibility would be the potential to create 
an investment plan that would also integrate other technologies. XR alone is, at 
present, too small a focus for a significant grant. 

• Grants are not sufficient to create a big technology company to play in the global 
market (rather, they are good for SMEs).   

• Framing investment in terms of interface and user content, and linking XR 
technology to other technology applications, would change the conversation around 
XR and attract more funding. Discussion should be about what XR can do rather 
than just about the technology itself. 
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o Terminology problem – confusion with other technologies and possibilities: 
e.g., confusion between XR and virtual worlds. 

o There should be consideration of how to speak about XR, using a neutral 
term that does not favour any company. A suggestion is ‘spatial computing’. 
This term encapsulates much more than just XR by itself.  

o What the Commission uses now is ‘Virtual Worlds’. However, Virtual Worlds 
do not semantically target Augmented Reality, although the Commission has 
this in mind as well, and that is a problem.  

o Of key importance is educating policymakers, stakeholders, and people in 
various capital cities about the new technologies. This education should also 
encompass the correct use of terminology related to these technologies. 

Panel discussion two: ‘societal, legal, ethical barriers’ 

Societal barriers to development and adoption of XR solutions 

• Europe needs to orchestrate a common effort to organise events that engage the 
public (e.g., making people try out XR first hand), to solve users’ resistance to XR 
technology. A European effort could be more effective than fragmented groups of 
enthusiasts or associations. EU could provide common guidance and guide an 
awareness. 

• Professionals should be encouraged to understand how XR can be useful to them. 
The EU needs to build ethical principles around professionals, who will then develop 
consumer-friendly platforms and products, and ‘evangelise’ XR to a wider audience. 

• Potential solutions for public resistance to XR technologies should be free and 
accessible to everyone. Care should be taken not to create a class divide – no one 
must be left out (e.g., rural areas still struggle with internet connection).  

• A citizens’ panel could be useful to research potential users’ concerns in order to 
understand what is hindering the success of the European XR industry the most. 

The central role of education systems in addressing societal barriers 

• Educational institutions should do more to introduce new technologies to children 
from a young age. 

• At present, European universities are developing products that either never make it 
to market, or are bought by foreign corporations. It should be ensured that it is easier 
for products developed at European universities to get to market. 

• It is essential that research in Europe happens in sync (e.g., that two or more 
universities do not waste resources on developing similar projects). Universities 
should work with each other, sharing expertise instead of competing. The present 
system puts them in competition to get funds/students. Associations can help 
resolve this issue, acting as a vessel to share expertise between universities and 
the whole ecosystem.  
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Legislative barriers 

• The EU has an opportunity to to look at global technology opposed to looking at it 
through a national lens, including non-EU countries in the discussion as well. 
Scandinavia is showing a lot of promise technologically. 

o The US and China have an advantage over the EU, as they experience less 
fragmentation.  

o It would be beneficial to build a community that encompasses Europe 
beyond the EU. Virtual worlds in Europe could be very functional in bringing 
more of Europe together. 

• The legal framework in Europe needs to be analysed to see if it is still relevant in the 
face of AI development. Professionals need to come together to assess what needs 
to be changed. 

• There is a need for a European starting point for legislation around common 
values to regulate the XR industry (e.g., data privacy, accessibility, user protection). 
It is not feasible to create common legislation from each Member State – it must be 
the opposite (MS legislate starting from a common European understanding). 

o There is an opportunity to create a nimble legal framework that puts users 
first. It is not realistic to unify all XR legislation, but creating a comprehensive 
legal framework that puts users first would give Europe a competitive 
advantage worldwide, as it has been the case in other areas (e.g., GDPR).   

o The problem with a GDPR-like legal framework would be that it would only 
work in Europe – the danger is that it would hinder competitiveness globally 
if the industry is overregulated. For example, it is important to monitor issues 
related to health and safety, but the potential of risks being present in those 
areas should not prevent innovation. 

o A unified legal framework can take European values as a starting point to 
unify the existing and potential user base.  

Ethical issues 

• There are threats related to health and safety. Sometimes the threats are 
legitimate, but users and citizens may overperceive danger in the case that they get 
information via non-institutional sources (e.g., mainstream media that know very 
little about XR).  

The needs of businesses 

• The many existing initiatives should be united under a more official umbrella, like an 
overarching European consortium of the main actors in the field, sponsored by the 
EU, in which non-European actors can also participate. Such initiatives already 
exist, but mainly outside of Europe. 

• Companies need more funds for innovation (especially in seed and pre-seed 
stages), to prevent them from being acquired by tech giants too soon. Requirements 
for startup funding are often too strict. Start-ups often do not have the resources or 
knowledge on how to apply. 

• SMEs need to have a ‘one-stop-shop’ for all their legal and operational problems 
that is standardised, recognised, and European. 
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• University-born startups should get more continued support, so that they have 
other options available other than being bought by bigger corporations. 

Plenary discussion 

Summary of breakout rooms discussions 

The panel moderators summarised the two discussions for the convenience of all 
participants.   

Concluding discussion: last remarks 

• Apple Vision Pro launch could be viewed for inspiration on how to create ‘hype’ 
among users. There is a real interest in XR solutions, but the EU needs well-
organised awareness-building events that engage communities. 

• Igniting the free market is important to make sure that business leaders engage in 
experimentation. It is also equally important to ensure that the grant system does 
not hinder those that are willing to experiment.  

• Europe needs common standards and an open-minded approach to allow 
innovation to flourish. 

• It is clear that there is a strong desire to develop a ‘community of communities’ in 
the XR field.  

• There is a huge potential in the European user base, which is yet to be mobilised. 

• Discussions on XR are inherently connected to the broader issues of the 
competitiveness of European tech sector. 

• XR is only as powerful as the context in which it operates. It is inherently linked to 
AI, connectivity, cloud, blockchain, and other technologies.  
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Annex 8: Exemplary financing cases of EU companies 

This annex shows examples of the recent financing success stories for EU companies more 
widely in various ecosystems. The data presented below relies on Crunchbase and 
Dealroom data. Types of funding mentioned below are understood as follows: 

• Pre-seed: Earliest stage of funding; pre-institutional seed funding round that either 
has no institutional investors or is a very low amount, often below €130,000. The 
most common pre-seed funders are the founders themselves, as well as close 
friends, supporters and family.  

• Seed: Among the first rounds of funding; first official equity funding stage, generally, 
while the company is young and working to gain traction; generally ranges between 
€8,000 and €1.8 million.  

• Early-stage VC: Series A and B; once a business has developed a track record (e.g., 
established user base, consistent revenue figures), past the development stage; 
generally between €1 million and €30,000.  

• Late-stage VC: Additional larger funding for already established and successful 
businesses (e.g., develop new products, access new markets); generally over €10 
million.  

• Private equity: Led by a private equity firm or a hedge fund and is a late stage round; 
less risky investment as the company is more firmly established; rounds typically 
upwards of €45 million.  

• Debt: An investor lends money to a company, and the company promises to repay 
the debt with added interest.  

• Convertible note: ‘In-between’ funding round to help companies hold over until they 
want to raise their next round of funding. 

Aerospace and defence 

 VRgineers377 (11-50 employees), based in Prague (CZ), founded in 2017: delivers 
next-generation virtual and mixed reality pilot training systems for professional and military 
clients. VRgineers’ pilot training solution includes portable trainers ready to be packed and 
taken on missions; reconfigurable classroom simulators that support almost all platforms; 
and custom 1:1 simulators that are built specifically for any type of helicopter, jetfighter, or 
airliner, and include a fully functional cockpit replica.378 

• Total funding raised (as of 2015): €6,249,693 

• Last funding type: early-stage VC 

Construction 

 Nodalview379 (51-200 employees), based in Brussles (BE), founded in 2016: sales and 
marketing platform built for the real estate industry. It has been adopted by over 10,000 real 
estate agents to date. The platform enables its customers to shoot and build professional 
quality pictures, 360° virtual tours, and videos of properties, as visual experiences become 
ever more important in the real estate marketing value chain. It has raised €4 million in a 

 
377 Website available here 
378 Vrgineers (2023), available here 
379 Website available here 

https://vrgineers.com/
https://vrgineers.com/media/
https://public.nodalview.com/it
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new investment round aimed at further expanding in its core markets, as well as broadening 
its product within the real estate value chain. Nodalview’s own research revealed that 88% 
of properties listed by agents on the main property portals in France and Belgium are not 
utilising buyer-friendly tech beyond that of the age-old process of traditional photography.380 

• Total funding raised (as of 2015): ~€9,700,000 

• Last funding amount: €4,000,000 (in December 2022)  

• Last funding type: early-stage VC 

Cultural and creative 

LYFTA381 (11-50 employees) based in Helsinki (FI), founded in 2016: platform where 
teachers can find engaging and immersive content to introduce and delve into complex 
topics. Lyfta designs and produces high-quality, immersive learning environments, using 
virtual reality & augmented reality (VR&AR), and interactive 360⁰ storytelling. The platform 
is cross-curricular, the content and resources are ideal for teaching a range of subjects 
including literacy, personal, social and health education (PSHE), relationships and sex 
education (RSE), geography, citizenship, physical education (PE), science, religious 
education (RE), design & technology, and the United Nations Sustainable Development 
Goals (SDGs). Lyfta is currently used in 700 schools with over 2,500 teachers in the UK, 
US, and Finland.382  

• Total funding raised (as of 2015): €5,534,326 

• Last funding amount: €2,764,425 

Digital 

DIDIMO383 (11-50 employees) based in Porto (PT), founded in 2016: a virtual human 
technology solution provider, providing automated solutions for the generation of real-time 
digital human avatars. The platform allows companies, software developers, collaboration 
platforms, and app builders to integrate a solution for generating user characters in their 
own software solutions. EU support under the SME instrument helped the company 
establish their ethics and responsibility policies, which cannot be ignored when creating a 
technology that builds digital humans. The grant also helped the technical team in the 
development of Didimo’s core patented API technology, retail, and mobile product.384 

• Total funding raised (as of 2015): €14,850,000 

• Last funding amount: €6,665,800 

• Last funding type: Early-stage Venture, Series A 

Electronics  

 Varjo385 (101-250 employees) based in Helsinki (FI), founded in 2016: provider of 
professional-grade VR/XR hardware and software, producing high-tech VR headsets and 
solutions for the enterprise market across various industries for different purposes, such as 

 
380 TechEu (2022), available here 
381 Website available here 
382 HundrED (2020), available here 
383 Website available here 
384 CORDIS, available here 
385 Website available here 

https://tech.eu/2022/12/08/belgian-proptech-startup-nodalview-closes-eur4-million-investment-round/
https://www.lyfta.com/
https://hundred.org/en/innovations/lyfta
https://www.didimo.co/
https://cordis.europa.eu/article/id/430127-the-realistic-avatar-we-ve-all-been-waiting-for/it
https://varjo.com/
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training and simulation, design and engineering, and research. Recently Varjo secured €40 
million in new funding for its R&D cloud services, namely Varjo Reality Cloud, the company’s 
XR streaming platform. The new capital will help the company continue to scale its software 
and hardware offerings across new enterprise verticals, such as design & manufacturing, 
engineering, education, and healthcare. 

• Total funding raised (as of 2015): €150,000,000 

• Last funding amount: €40,000,000 

• Last funding type: Series D386 

Healthcare  

 Oncomfort387 (11-50 employees) based Brussels (BE), founded in 2015: offering 
Digital Sedation solution providing relief for patients’ pain and anxiety through treatment 
with sessions of therapeutic Virtual Reality. It has raised €10 million in Series A funding to 
bolster its digital therapy solutions and accelerate its international expansion.388 The 
company stated that, since the launch its ‘Sedakit’ for Digital Sedation in Benelux and 
France in June 2019, over 30,000 patients have been treated and have had their pain and 
anxiety relieved before, during, and after interventions in many clinical fields, such as 
anesthesia, oncology, interventional radiology, and cardiology, as well as pediatrics.389 

• Total funding raised (as of 2015): €13,624,814 

• Last funding amount: €10,000,000 

• Last funding type: early-stage VC – Series A 

Mobility, transport and automotive  

 Basemark390 (51-100 employees), based in Helsinki (FI), founded in 2015: provider 
of software and tooling solutions for advanced automotive AR application development - 
Video AR, AR Navigation, AR HUDs, and AR Clusters. Augmented reality-powered 
information displays help the driver with vehicle interaction and to be more aware of their 
surroundings.391 

• Total funding raised (as of 2015): €10,545,000 

• Last funding amount: €7,000,000 (in 2020) 

• Last funding type: early-stage VC- Series A 

Retail  

 INVRSION392 (11-50 employees), based in Milano (IT), founded in 2015: develops 
ultra-realistic 6DOF VR simulation with focus on retail and 3D product digitisation. 
Specialised in the virtualisation of spaces and the digitisation of references for the retail 
sector, in order to lower costs, and, at the same time, speed up the execution of in-store 

 
386 Serie D is a late-stage VC round, typically consisting of larger funding for already established and successful businesses, 

used for expansion, acquisitions or preparing for an IPO. 
387 Website available here  
388 TechEU (2020), available here 
389 Mobihealthnews (2020), available here 
390 Website available here 
391 TechCrunch (2022), available here 
392 Website available here 

https://www.oncomfort.com/en
https://tech.eu/2020/09/09/oncomfort-funding/
https://www.mobihealthnews.com/news/therapeutic-vr-sedation-startup-oncomfort-closes-10-million-series
https://www.basemark.com/
https://techcrunch.com/2022/02/10/augmented-reality-finds-a-foothold-in-cars-via-safety-features/?guccounter=1
https://www.invrsion.com/
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activities, optimising the negotiation processes between brands and retailers in the fields of 
trade marketing, consumer research, staff training, and store design and remodelling. 

• Total funding raised (as of 2015): €6,475,000 

• Last funding amount: €2,000,000 

• Last funding type: Seed 

Textile and fashion  

 ZERO10393 (11-50 employees), based in Limassol (CY), founded in 2020: AR-fashion 
platform offering cutting-edge tech options for companies joining the online marketplace. 
The digital fashion hub enables designers, brands, and users to not only wear, but also 
create virtual clothes for augmented reality. ZERO10 AR Studio will allow creators to 
transform their designs into augmented reality through user-friendly and free to use design 
tools.  

• Total funding raised (as of 2015): €3,680,000 

• Last funding amount: €1,398,525 

• Last funding type: Seed 

Tourism  

 SmartGuide394 (11-50 employees), based in Prague (CZ), founded in 2018: global 
platform for digital guides that turns every phone into a personal guide and every tourist into 
an explorer, using audio, geolocation, and Augmented Reality, like a live guide. SmartGuide 
hosts a collection of tours which tourists can access from the app home page or via invitation 
codes. Tours are downloaded to a mobile device, and can then be enjoyed anytime, either 
on-location, or as virtual guides from home. 

• Total funding raised (as of 2015): €2,678,018 

• Last funding amount: €1,000,000 

• Last funding type: Seed 

  

 
393 Website available here 
394 Website available here 

https://zero10.app/
https://www.smart-guide.org/
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Annex 9: Suggested areas for further research 

In addition to recommendations, the report also includes suggestions for areas worth 
exploring in terms of the socio-economic effects of the adoption of XR technologies across 
industries, as well as the appropriate policy responses to them. These suggestions stem 
from stakeholder consultations (i.e. 49 interviews, a Delphi survey of 109 experts), desk 
research (i.e. collection of background information on the XR industry in Europe across 
different ecosystems, identification of good practices, analysing emerging technologies 
relevant to XR, mapping virtual worlds), and attendance of XR-related events. However, 
given the limited evidence base for each suggestion, these findings did not lead to 
actionable recommendations, but constitute important “weak signals” and warrant further 
exploration. 

Research on potential negative effects of XR 

There is still insufficient evidence on the potential negative effects of XR technologies, and 
how to alleviate or accommodate them. This is due to the novelty of XR technologies and 
the complexity of potential negative effects. A good understanding of potential negative 
effects is needed to establish clear behavioural guidelines to ensure XR technologies 
remain accessible, secure, and safe. 

Relevant topics for further research in this area could include physical health effects as well 
as mental and psychological ones. Physical health effects could include considerations 
regarding the safety of users in the space, impacts of use of XR in the visual and/or 
neurological system, impacts on child growth and development, indications on the duration 
of safe use, potential changes in lifestyle, and amount of physical activity, etc. Regarding 
mental and psychological effects, further research could cover the following, among others: 

• ethical considerations for using XR 

• the psychological effects of long-term immersion (differentiating between different 
age groups) 

• the effects of XR on human cognitive processes 

• the capabilities of XR to alter perceptions and personal identities 

• how to reduce cybersickness 

• how to improve accessibility for vulnerable people 

• how to maintain moral subjectivity 

• the impact of XR on real-life social relationships 

• the use and misuse of personal data in relation to XR interactions; how to use XR 
for promoting empathy 

In addition, assessments of technologies, and their effects, are based on well-established 
methods. However, with the introduction of new technologies and the changes they bring, 
it is important to consider whether the methods of assessment also need updating. Hence, 
the research should also investigate new ways of measuring the impact of new technologies 
on different aspects of human life. 
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Research on environmental impact of XR 

XR applications have the potential to improve the environmental sustainability of companies 
and households, by conducting activities in a virtual setting, which would otherwise either 
require travelling or physical infrastructure, use of materials, creation of physical prototypes, 
etc. However, XR applications also require high computational and thus electric power, and  
natural resources for hardware production, and XR hardware is characterized by not 
naturally bounded demand, meaning that there is a continuous demand for product 
improvements. Therefore, there are both negative and potentially positive environmental 
impacts through the deployment of XR technologies.  

Gaining an enhanced understanding through measurement, or estimation, of those impacts 
would help identify areas where the XR industry could avoid mistakes done in the 
development of other technologies, and reduce any negative environmental impacts. In 
addition, by understanding the net impact of specific applications and use cases, those with 
the highest potential for a positive environmental impact could be promoted.  

XR and the digital divide 

Similar to environmental sustainability, XR could close, or widen, the digital divide, 
depending on how it is deployed. For instance, XR could offer unique inclusiveness 
opportunities, such as for people in remote areas, people with disabilities, elderly people, 
etc. However, the cost of the hardware and deployment of an XR solution may hamper the 
inclusion of low income or not digitally savvy people. In a similar way, certain businesses 
and industrial ecosystems being more prone to new technologies may get most of the 
benefits from the uptake of XR solutions, compared to others. Monitoring the impact of XR 
technologies on the digital divide, and ensuring that no group of society is being excluded 
from the potential benefits from their use, is essential. 

Continuous monitoring of XR market 

The landscape of XR is fast-paced, continuously evolving, and innovating as new players 
(including tech giants) are entering the market and technological innovations occur. While 
currently there does not seem to be a need for immediate legislative action, specifically 
targeting XR, due to the rapidly changing landscape, new challenges may arise. Continuous 
monitoring of the XR market both in Europe and abroad is essential in identifying issues 
and challenges that are not (fully) addressed by the current legal framework, or the need 
for harmonisation among Member States.  

Improving technological infrastructure relevant for connectivity 

Infrastructure was highlighted to be a key component that facilitates the use of XR solutions. 
This includes connectivity as well as cloud and edge computing, which can deliver low-
latency solutions and better device performance and capabilities. Cloud infrastructure also 
reduces the burden on devices to manage data, which can instead be offloaded and 
computed elsewhere, opening up opportunities for more lightweight and ergonomic devices. 
In addition, blockchain technology could be an essential facilitator of trust and security within 
XR and has the potential to increase the reliability of interactions in virtual worlds. Finally, 
artificial intelligence is important across several technologies to provide computational 
power, including rendering and big data management, and make real-time automated 
decisions, which facilitate accurate and efficient XR integration. With well-established 
infrastructure, the collaboration and interoperability of technologies have the potential to 
build engaging and seamless XR experiences, which also have the capabilities to manage 
the computation demands of XR applications, and in particular, virtual worlds, while also 
ensuring greater comfort, reliability, and trust for users.   
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Facilitating developments in XR-related technology areas 

Developments in metamaterials, graphene, and advanced semiconductor chips can 
contribute to the advancement of XR hardware and wearables. They offer the potential for 
lighter components and advanced visual experiences, reducing experiences of 
cybersickness or discomfort. Similarly, developments in novel display technologies and 
optics and sensing can deliver more immersive XR experiences, by providing realistic visual 
or physical stimuli and feedback. 

Future research and development activities could focus on the application of metamaterials 
(including graphene), advanced semiconductor chips, display technologies and optics, and 
sensing to make XR devices lighter, ergonomic, and more powerful, making the experience 
in using them more realistic. Successful research and take up of its results could result in 
new European products that could potentially compete on a global market. 
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Annex 10: Presentation event report 

Date: 19 September, 2023 

Time: 9.30 – 11.00 (CET) 

Place: Virtual meeting on Microsoft Teams 

Table 28. Overview of presentation participants 

Participant Organisation 

Tunde Levy European Commission, DG CNECT 

Andreea Popescu European Commission, DG CNECT 

Marta Palau Franco European Commission, DG CNECT 

Christoph Runde  Virtual Dimension Center w.V. 

Bergur Thormundsson  Statista 

Fabien Eyssartier  Unknown (freelance) 

Timothy Owens Statista 

Zaneta Kubic  Jagiellonian University 

Alanna Koh  Queensland XR Hub 

Alexandra Borgeaud  Statista 

Andrew Perkis NTNU 

Brian Waterfield  UK Metaverse Alliance 

Kaba Barsch  Statista 

Marta Materska- Samek  EIT Culture & Creativity - UNA Europa - Jagiellonian University 

Ricard Gras  Captic 

Thomas Alsop  Statista 

Tracey Swales Portable Kingdom Ltd 

Valerie Riffaud Cangelosi  Reapse Consulting 

Ilana Kunkel  Global Counsel 

Ahmed Sherif Unknown 

Lionel Sujay Vailshery Statista 

Schreer Oliver  Fraunhofer Heinrich-Hertz-Institut 

Krista Jantti Eventually XR 

Patrick Grady  Metaverse EU 

Albena Dimitrova Mihovska  Euromersive 
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Astrid Kahmke Ionda GmbH 

Nicolas van de Kerkhof  EIT Health 

Francois Bouille Euromersive 

David Nahon  Dassault Systèmes 

Luis Martins  APDC 

Alexandre Bouchet CLARTE 

Jan Kamphuis  Simultria 

 

Introduction 

This document presents the views expressed by workshop participants during the 
discussions and should not be considered as conclusions of the study. 

• Andreea Popescu (DG-CNECT) opened the discussion by marking that this study 
will feed into the recent Web 4.0 and virtual worlds initiative, which aims to prepare 
Europe for the Metaverse through a series of concerted policy actions, particularly 
those aimed at the development of the XR industry. 

• The study team presented the aims, methodology and key findings of the study. 

Summary of discussions 

Intellectual property issues in the XR ecosystem  

• It is now possible to generate 3D (XR) content with prompts, images, videos; better 
IP protection is needed throughout Europe.  

• There should be a European initiative for IP in XR/ AI, like there is one in other 
countries (including the US). We need a standalone effort to tackle these legal 
challenges – this study did not cover this area. 

• There are fears that the European XR technology sectors will sell-out to overseas, 
because better IP protection offers third countries a competitive advantage. 

Definition of ‘virtual worlds’ 

• Virtual worlds are persistent, immersive environments, based on technologies 
including 3D and XR. These immersive environments make it possible to blend 
physical and digital worlds in real time, for a variety of purposes, such as designing, 
making simulations, collaborating, learning, socialising, carrying out transactions, or 
providing entertainment.  

• The study used the term ‘virtual worlds’ as an umbrella term for all those spaces 
where users can interact virtually. The study focus was on zero-distance, for 
facilitation of interactions within the virtual space.  
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Evolution of barriers and challenges identified in the study 

• Many issues are recurring, and it is important to monitor their yearly evolution. Some 
changes are visible, however; technology seems to be perceived less as a barrier 
by stakeholders. XR technology has become more affordable and common. 
Financing and funding challenges have also evolved – there are more funding 
opportunities and the challenge moved to funding scaling-up efforts, rather than 
finding funding for early stages and/or R&D.  

• At present, there is a lot of funding for startups, comparatively to past years, but not 
for the community as a whole. Many XR companies have only benefitted from 
funding in their beginnings, but it is in later stages that they would need the most 
support, because the market is not yet mature. We also need to keep in mind that 
support is also needed for longer-standing XR companies, because lack of access 
to funding is hindering their possibility to grow. 

• Of course, some challenges have mostly not changed, among those are 
fundamental legal issues and market fragmentation. 

• We are also facing new challenges, which if resolved could give Europe a 
competitive advantage. For instance, tackling inclusivity and marginalisation are 
crucial to the European ecosystem.  

Next steps at EU level 

• The recommendations presented in this study, and other findings from other studies 
and workshops, intersect with each other. All those points are echoed in a recently 
launched communication by the EU395. The actions that are proposed are quite 
relevant to the concerns of the XR ecosystem, and the Commission is now working 
on those actions.  

• By 2030, the co-funded and co-programmed European Partnerships under the 
Second Horizon Europe Strategic Plan396 will have helped developing virtual worlds 
and metaverses that: 

- are open and interoperable, based on widely accepted standards, preventing that 
only a few companies control them; 

- adequately feed the supply and demand ecosystem so that the EU can play a 
leading role in developing the future virtual worlds; 

- respect European rules (such as the General Data Protection Regulation, EU 
competition law or the EU labour law acquis) and values, in line with the Declaration 
on Digital Rights and Principles (human-centric, inclusive, trustworthy, safe and 
ethical, 

- offer significant business opportunities and new avenues for individual and collective 
creativity, arts and culture; and 

- focus on industrial and commercial applications and societal challenges such as the 
green and digital transition, the future of labour markets, smart cities, education and 
healthcare. 

 
395 Communication available at: https://research-and-innovation.ec.europa.eu/news/all-research-and-innovation-

news/horizon-europe-strategic-plan-2025-2027-analysis-now-public-2023-05-25_en   
396 Full analysis available at: https://research-and-innovation.ec.europa.eu/system/files/2023-07/ec_rtd_candidate-list-

european-partnerships.pdf   

https://research-and-innovation.ec.europa.eu/news/all-research-and-innovation-news/horizon-europe-strategic-plan-2025-2027-analysis-now-public-2023-05-25_en
https://research-and-innovation.ec.europa.eu/news/all-research-and-innovation-news/horizon-europe-strategic-plan-2025-2027-analysis-now-public-2023-05-25_en
https://research-and-innovation.ec.europa.eu/system/files/2023-07/ec_rtd_candidate-list-european-partnerships.pdf
https://research-and-innovation.ec.europa.eu/system/files/2023-07/ec_rtd_candidate-list-european-partnerships.pdf
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Interoperability and standards for user safety 

• Some type of coordination at the EU level is certainly needed – perhaps an 
overarching structure or association – to ensure interoperability and standards for 
safety. It is crucial to have active participation and willingness of the XR industry to 
join in and coordinate any possible efforts. But the study is not addressing this, 
because these problems go beyond XR – interoperability struggles are common to 
many technologies.  

• Standardisation is fundamental. Usually, it is driven by large companies with 
sufficient resources. The Commission, in this case, has the opportunity to ensure 
that standardisation efforts come from the bottom-up, rather than being dictated by 
a few big tech giants. The EU needs to engage with the grassroots and create 
standards that work for everyone.  

Agility of the EU Commission in tackling ecosystem issues 

• The Commission now has quite a strong framework (e.g., the GDPR) and could be 
flexible enough to advance towards greater European competitiveness. However, 
fragmentation of the ecosystem is a major issue. In fact, all the issues mentioned 
need to be approached coherently, and EU efforts aim at this coherence.  

• On interoperability, there is an ongoing specific action in the developement of 
standards, involving all enabling technologies. This action is hoped to bring concrete 
results.  

 



 

 

GETTING IN TOUCH WITH THE EU 

In person 

All over the European Union there are hundreds of Europe Direct information 
centres. You can find the address of the centre nearest you at: 
https://europa.eu/european-union/contact_en 

On the phone or by email 

Europe Direct is a service that answers your questions about the European 
Union. You can contact this service: 

– by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for 
these calls), 

– at the following standard number: +32 22999696 or  
– by email via: https://europa.eu/european-union/contact_en 

FINDING INFORMATION ABOUT THE EU 

Online 

Information about the European Union in all the official languages of the EU is 
available on the Europa website at: https://europa.eu/european-
union/index_en 

EU publications 

You can download or order free and priced EU publications at: 
https://op.europa.eu/en/publications. Multiple copies of free publications may 
be obtained by contacting Europe Direct or your local information centre (see 
https://europa.eu/european-union/contact_en). 

EU law and related documents 

For access to legal information from the EU, including all EU law since 1952 
in all the official language versions, go to EUR-Lex at: http://eur-lex.europa.eu 

Open data from the EU 

The EU Open Data Portal (http://data.europa.eu/euodp/en) provides access to 
datasets from the EU. Data can be downloaded and reused for free, for both 
commercial and non-commercial purposes. 

 

https://europa.eu/european-union/contact_en
https://europa.eu/european-union/contact_en
https://europa.eu/european-union/index_en
https://europa.eu/european-union/index_en
https://op.europa.eu/en/publications
https://europa.eu/european-union/contact_en
http://eur-lex.europa.eu/
http://data.europa.eu/euodp/en
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