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ABSTRACT 

Sustainability is a challenge for society that circular economy tries to tackle. The metaverse, as an emerging 

technology that incorporates digital twins and simulation in an immersive virtual environment, has not been 

thoroughly investigated in connection to circular economy. Thus, the purpose of this study is to summarize 

the potentials and barriers of the use of the metaverse for circular economy. By conducting a structured 

literature review, this paper categorizes the findings into dimensions that are important for both the 

metaverse and circular economy. A variety of potentials and barriers that cover different perspectives 

important for businesses aiming to comply with circular economy principles is discovered. The findings 

include potentials and barriers in several areas, like the access to the metaverse, connected costs, data, 

knowledge transfer, collaboration, innovation, product design, production planning, training of employees, 

and transportation. The results can be used to promote the implementation of circular economy principles. 

1 INTRODUCTION 

The metaverse is an immersive digital environment that users can interact with in real-time. Although the 

metaverse is still in its early phase of development, its use for businesses is anticipated to increase soon, as 

the metaverse in the industrial context alone is predicted to generate considerable revenues in the next years 

(Edwin et al. 2023; Kshetri 2023). Common applications in the metaverse are using digital twin (DT) 

technology (Edwin et al. 2023) and simulation (Khanna et al. 2024). Previous studies have shown that 

technology use correlates with economic, social, and environmental sustainability (Al-Emran 2023). 

However, the link between the metaverse and circular economy (CE) has not been examined. In that regard, 

the research question is: What are the potentials and barriers of the metaverse for CE? This is important to 

answer because global warming, greenhouse gas emissions, and unsustainable economic growth are just a 

few examples of pressing issues society currently faces (Hoppe et al. 2023). To answer the research 

question, a structured literature review has been conducted, to synthesize findings that connect the 

metaverse to CE principles. Consequently, this work contributes to the scientific community and businesses 

by offering insights into how using the metaverse can contribute to reaching sustainability goals through 

improving CE and which barriers must be considered in that regard. 

The paper is structured as follows: First, in Section 2, the theoretical basis for this work is built by 

defining the metaverse and CE, as well as giving an overview of related work. The research approach is 

explained in Section 3. Section 4 describes our findings, and Section 5 offers final remarks. 

2 RESEARCH BACKGROUND 

2.1 Metaverse 

The metaverse is a symbiosis of the physical and the virtual world (Wang et al. 2023c). The physical and 

virtual worlds are fused as a permanent environment for an unrestricted amount of users, where there is no 
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distinct differentiation between both worlds (Mystakidis 2022). The metaverse does not necessarily need 

to be a 3D environment (Dwivedi et al. 2022). However, the use of Extended Reality (XR) lets the user 

immerse more into the metaverse (Dwivedi et al. 2022). XR includes the technologies augmented reality 

(AR), virtual reality (VR), and mixed reality (MR). Users can interact in the metaverse, navigating the so-

called avatars, a representation of themselves. With their avatars, the users can work, communicate, and 

collaborate with others (Wang et al. 2023c).  

The metaverse has a strong connection to digital twins and simulation. Simulation is the core part of digital 

twins that facilitates prediction and decision-making for real-world systems. The metaverse, especially in 

the industrial context, incorporates digital twins to reproduce scenarios in the industrial domain. Therefore, 

simulation is a key technology in the metaverse (Zheng et al. 2022). After explaining the metaverse as the 

first relevant concept in this paper, the next subsection will define the second important concept, CE. 

2.2 Circular Economy 

Sustainability aims for the balance of economic prosperity, social equity, and environmental resilience, 

serving the interests of both present and future generations. CE is a key element in achieving sustainable 

development (Geissdoerfer et al. 2017). CE was first proposed by  (Boulding 1966), who argues that since 

resources are finite, it is inevitable that they have to be recovered and used again as secondary resources. 

Since then, CE's significance in research and application has grown (Frishammar and Parida 2019). 

 Kirchherr et al. (2017) define CE as an economic system that is based on business models that replace 

the 'end-of-life' concept with reducing, reusing, recycling and recovering materials to accomplish 

sustainable development to benefit current and future generations. 

CE as a system is regenerative in which emissions, resource input, and waste, as well as energy 

inefficiency, are minimized by slowing, constricting, and closing material and energy cycles (Geissdoerfer 

et al. 2017). This can be accomplished with the 9R Framework by Potting et al. (2017). The framework 

proposes ten measures for increased circularity: Refuse, Rethink, Reduce, Reuse, Repair, Refurbish, 

Remanufacture, Repurpose, Recycle, and Recover. These measures are ranked, with Refuse contributing 

the most to circularity and Recover contributing the least. With these actions, the end-of-life concept can 

be replaced by business models targeting sustainable development (Kirchherr et al. 2017). Thus, CE can 

help to solve environmental, social, and economic challenges (Schroeder et al. 2019). In the following 

subsection, related work that addresses the two concepts of the metaverse and CE together is discussed. 

2.3 Related Work 

As stated by Al-Emran (2023), technology significantly influences sustainability. Thus, the interactions 

between technological innovation, like the metaverse, and the principles of CE are examined in this work. 

Papamichael et al. (2023) address the connection of the metaverse and CE in an editorial. However, to our 

knowledge, the research topic of potentials and barriers has not been covered with the structured research 

method used in this paper. Das et al. (2023) address the topic as well, but we could not find a traceable 

research approach in their work. Therefore, our paper provides different insights collected from a broad 

body of literature, with the findings newly structured into nine dimensions, offering novel insights. 

3 RESEARCH METHOD 

To disclose the potentials and barriers of the metaverse in a CE, our research design is structured with a 

five-step approach, adopting the methods of vom Brocke et al. (2009) for structured literature reviews in 

information systems. The approach consists of an appropriate review scope, conceptualizing the topic, the 

literature search, the literature analysis and synthesis, and defining the research agenda. This ensures 

methodological rigor, reproducibility, transparency, and traceability, which enhances the legitimacy of our 

work and helps us achieve our objective of summarizing prior knowledge (Paré et al. 2016). 

First, we limited the review scope to English peer-reviewed publications on the metaverse, 

sustainability, and CE. We also included the search for papers dealing with XR in the context of 
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sustainability and CE, as XR is an important factor for the metaverse (Dwivedi et al. 2022). For these four 

concepts, papers from the commonly used databases Scopus and IEEE Xplore have been scanned. 

Second, to conceptualize the topic, we searched for papers covering the current state of the metaverse 

and for aspects of sustainability and CE. Accordingly, in step three, the actual literature search, we searched 

the databases using the search string: (sustaina* OR (circular AND economy)) AND (metaverse OR 

(extended AND reality)). We limited the search to scientific work published from 2021 until the end of the 

literature gathering for this work, January of 2024, as the number of publications on the metaverse started 

ascending steeply in 2021 (Scopus 2024), and only the recent state of the metaverse is of importance for 

our topic. We limited the subject areas to computer science, social sciences, engineering, environmental 

sciences, business, management and accounting, energy, economics, econometrics, and finance. We 

considered journal articles and conference papers in their final publication stage. This resulted in a match 

of 267 papers in total. 

In step four, the analysis and synthesis, duplicate papers, as well as papers we could not access were 

removed, leaving 92 papers. Papers that did not match our topic after reading the abstract and the full paper 

were also eliminated. We applied quality criteria, e.g., sound argumentation and the use of an established 

research methodology (Levy and Ellis 2006), which resulted in 49 papers remaining. We analyzed them 

and synthesized the findings to answer the research question. Lastly, in step five and the conclusion of this 

work (Section 5), we formulated a research agenda for future work. This research method enables answering 

the research question with the findings described in the following Section 4. 

4 FINDINGS 

It was identified that the findings can be categorized into nine dimensions. Initially, the individual potentials 

and barriers of the metaverse for CE were examined and it was found that they could be grouped into 

specific dimensions, named based on their shared characteristics. The dimensions Data and Production 
Planning and Prediction were most discussed in the literature, followed by Product Design, Collaboration, 

Learning and Training, and Access. The nine dimensions structure the remainder of this work. Notably, the 

discussion of these dimensions in the literature has surged recently, with most relevant studies from 2023. 

Each dimension with its potentials and barriers is detailed in this section. For a brief overview, the main 

potentials and barriers, that were extracted from the detailed descriptions, are summarized in Figure 1. 

4.1 Collaboration 

As for the first dimension in Figure 1, Collaboration, the metaverse allows users to cooperate virtually and 

three-dimensionally in real-time (Zawish et al. 2024). This is enabled by real-time audio and text chat, 

intuitive and user-friendly interfaces, interaction with the virtual environment through haptic feedback, 

shared object interaction, and gesture controls (Khanna et al. 2024). VR headsets, haptic vests, and AR 

glasses can also be used to engage with others (Khanna et al. 2024). The real-world experiences can be 

simulated through the metaverse’s capacity to integrate live data and real-time updates (Qadir and Fatah 

2023). Through these characteristics, the metaverse allows for unprecedented interaction (Queiroz et al. 

2023). 

Because of the immersive communication in the metaverse, virtual meetings can be held (Zawish et al. 

2024). The authors state that through virtual meetings, businesses can further promote work-from-home 

culture, although physical meetings cannot completely be replaced, carbon dioxide (CO2) emissions from 

traveling can be reduced. Reducing emissions makes collaboration more sustainable, but it also makes 

cooperation faster and more flexible, benefiting CE.  

Furthermore, as physical events and conferences can be replaced virtually, the ecological impact of 

constructing and maintaining large venues can also be reduced (Zawish et al. 2024). In that context, Al-

Emran (2023) states that the number of large, physical office spaces could shrink. Considering the 

aforementioned 9R Framework for CE, this aspect aligns with the principle of Refuse by opting out of 

building physical infrastructure and replacing it within the metaverse.  
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For these reasons, metaverse users can collaborate more effectively (Zawish et al. 2024). As the users 

can be businesses along the supply chain, more effective collaboration is beneficial for CE because it 

stimulates innovation in circular products and business models. Additionally, collective optimization of 

environmental impacts across industries along the supply chain via metaverse collaboration can help to 

achieve more efficient resource utilization, further benefitting CE (Zhong and Zhao 2024). 

 

Collaboration Innovation Product Design 

↗ more flexibility 

↗ less space needed 

↗ less traveling needed 

↗ more efficiency 

↘ high energy consumption 
through communication 

 

↗ new circular business 
models, products, and 
services 

↗ more human resources 
available 

↗ new experiments 

↘ difficult implementation 
of DTs 

 

↗ facilitated showcasing 

↗ substitution of physical 
products 

↗ testing 

↘ complex data 
transmission and sensor 
network system 

↘ high computing power 
necessary 

 

Learning and Training Data Transportation 

↗ independency of real 
training environment 

↗ improved efficiency 

↗ facilitated knowledge 
transfer 

↘ equipment requires rare 
materials 

↘ realism difficult to obtain 
 

↗ enhanced productivity 

↗ more realistic simulations 
↗ secure data transmission 
↘ reluctance to data sharing 

↘ high energy consumption 

↘ complicated data 
management 

↘ unauthorized access 
 

↗ improved efficiency, 
controllability, 
adaptability, and 
decision-making 

↗ more sustainable 
transportation planning 

↘ complicated data 
management 

 

Production Planning  

and Prediction 
Costs Access and Use 

↗ on-demand production 

↗ risk reduction 

↗ more transparency and 
efficiency 

↗ optimized DTs 

↘ increased complexity 

 

↗ cost reduction 

↗ higher revenues 

↘ initial expenses 

↘ partly costly equipment 
↘ higher electricity costs 

↘ health treatment costs 

↘ product cannibalization 
 

↗ theoretically open to 
anyone 

↘ requires robust internet 
connection, equipment, 
and IT systems 

↘ health issues prevent 
from (prolonged) use 

↘ reluctance to change 

↘ difficult integration of 
legacy systems 

 

Figure 1: Potentials and barriers of the metaverse for CE.  

Users of the same domain, e.g., of the agricultural sector, can cooperate in the metaverse, for example, 

to create disease-diagnosis models for plants, simulate dynamic digital plants, and generally coordinate the 

agricultural system more effectively (Kang et al. 2023). This example shows as well that collaboration in 

the metaverse can create value for CE, as energy and resource efficiency can potentially be increased. 

However, through a high number of co-current and co-located requests for communicating in the 

metaverse, the energy consumption for collaborating is high (Huang et al. 2023). This reduces the energy-

saving potential of the metaverse. Therefore, the previously mentioned principle Refuse to substitute 

physical infrastructure for gatherings through virtual meetings has to be degraded to Reduce. 
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4.2 Innovation 

The metaverse can enhance innovation for circular products and business models. This can be achieved by  

simulating the full life cycle of systems in the supply chain and improving it (Wang et al. 2023a). Through 

the interaction of many users on a digital platform like the metaverse the life cycle can be better understood 

and, therefore, better modeled, as well as the metaverse can provide better data for improved 

parametrization of simulation models. As the life cycle of complete systems can be simulated and developed 

using the metaverse, life cycles of products can be simulated, too, and products can be produced in a more 

circular and, thus, sustainable way. This can be achieved by decreasing the resources needed for production 

through optimization of the supply chain, reverse supply chain, and identifying more innovative ways to 

use already produced products, following multiple principles of the 9R Framework. 

Another way the metaverse can positively influence innovation is by shifting from a system where 

humans are actively involved in every step to one where they oversee automated processes, requiring less 

direct human interaction in the production environment (Yao et al. 2024). Thus, human resources can be 

used more efficiently, allowing for greater innovation in the production system and benefiting CE. 
Additionally, the immersive and interactive space in the metaverse fosters innovation and 

experimentation for new solutions, driving economic progress. Da Silva et al. (2023) propose a framework 

combining immersive experiences and DTs, enabling innovative circular designs using XR, tested with 

real-time data simulations. 
Ultimately, digital technologies like the metaverse can be seen as a catalyst for innovation, which can 

lead to new products, services, increased competitiveness among businesses, and business models that can 

create new industries (Al-Emran 2023). Increased competitiveness, for example, can lead to an increased 

adherence to the principles of CE, as businesses can seek to differentiate themselves from others by 

improving their environmental footprint. 
Simulating life cycles in the metaverse can benefit CE. However, the DTs used for simulation to 

replicate the physical world in the virtual world require many sensors, much computation power, and 

reconstruction and rendering tools, so a lot of energy is necessary (Wang et al. 2023b). 

4.3 Product Design 

Product design is essential for CE, influencing the resource consumption of products and considering their 

disassembly for easy refurbishing and remanufacturing. The metaverse can reshape this process. 

On the one hand, companies can showcase designed products in the metaverse so that clients can 

comprehend the engineering framework and design concept (De Felice et al. 2023). For example, an already 

existing metaverse-based real-estate project allows virtual tours of properties (Zawish et al. 2024). 

Similarly, clients of companies can be integrated into the design process of products, and changes can be 

made before any prototype has been built. The substitution of physical goods, e.g., prototypes, through 

digital representation, reduces the energy consumed as well as overall emissions (Allam et al. 2022).  

On the other hand, through live data integration, DT models of products can become more realistic. 

Accordingly, product design can be tested through experiments and simulations in life-like environments, 

enhancing the final product (Qadir and Fatah 2023). This can lead to optimally designed products whose 

disassembly and resource consumption have been tested beforehand. 

However, mapping the products virtually with DTs requires a reliable sensor network system, the proper 

sensitivity of the sensors, and accurate data transmission, which can be challenging to obtain (Tan et al. 

2023). The authors emphasize that even for technically capable companies, data security for the collected 

data can be problematic (De Giovanni 2023), because data in the metaverse can be vulnerable to hacking 

(Zawish et al. 2024). For the storage of data, as well as for the use of XR and possible artificial intelligence 

(AI) technologies in product design, a high amount of computing power is needed (De Giovanni 2023). 

According to the authors, this results in a high amount of energy required. 
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4.4 Learning and Training 

Learning and training processes are vital in CE as novelty is often introduced to the usual business processes 

for many. In the production area, for example, this can mean that a user has to assemble components and 

disassemble returned parts, and the user must be trained accordingly. 

The application possibilities of the metaverse in learning and training are, thus, very diverse. The 

metaverse can provide learning and training scenarios, an immersive teaching environment, and generally 

enhance different aspects of learning (Wang et al. 2023a). First, the metaverse makes it possible to carry 

out physical training independent of the real-world system, e.g., using XR equipment that can be beneficial 

in industrial workspaces (Zawish et al. 2024). Incorrect movements while training do not immediately 

damage a system component or interrupt a process, resulting in fewer resources wasted through training 

errors in real environments, and the assembly and disassembly of parts in CE can become less time-

consuming through the training options in the metaverse. For example, in aircraft manufacturing that is 

supposed to become more sustainable, the first-person experiences via virtual training with XR can be 

helpful to abide by intensive quality requirements (Tsang et al. 2022). 

The virtual training opportunities can also enhance employee efficiency and enable data analysis for 

performance evaluation (Zawish et al. 2024). The authors state that in the metaverse, trainees can go beyond 

simply comprehending and remembering work exercises to perform procedures themselves. 

Second, the metaverse offers potential when it comes to providing virtual learning spaces. Productive 

environments where people can connect and learn together can be offered (Zawish et al. 2024). Thus, people 

can learn about CE principles more engagingly and share their knowledge, as learning in the metaverse can 

help overcome environmental hurdles concerning sustainability (Zawish et al. 2024). Plus, advanced 

technologies have been shown to revolutionize education (Al-Emran 2023) and to enhance the inclusivity 

of education (Al-Emran 2023). This provides people with new access to learning about CE. 

Additionally, in the metaverse, training is independent of location, as previously mentioned in the 

Collaboration dimension. Especially when introducing new systems, users do not have to travel to central 

training stations, but they can do this at their home locations, saving emissions. 

However, ensuring realistic virtual environments for learning and training purposes in industrial 

workspaces requires high-end digital infrastructure, including physics-based interactions and realistic 

graphics. This can be costly (Khanna et al. 2024), as well as technologically challenging. Additionally, the 

production of equipment for accessing the metaverse, e.g., a VR helmet that can be necessary for training 

purposes, requires rare materials, negatively impacting the environment (De Giovanni 2023). 

4.5 Data 

Data play a crucial role in CE (Winkelmann et al. 2023). Collecting, representing, and sharing data are 

essential for sustainable processes in a CE (Ixmeier et al. 2023), for example, by developing information 

management systems (Schmidt et al. 2009) and waste management solutions (Hoffmann and Pfeiffer 2022). 

Within the metaverse, data can be considered as a part of its foundation (De Felice et al. 2023). 

As for the first potential, using structured and up-to-date data in the metaverse can lead to significant 

time savings, increasing overall productivity levels across the economy (Al-Emran 2023). Data can benefit 

product construction, advertisement evaluation, content personalization, and content strategies (Venugopal 

et al. 2023), which are important potentials to foster in the framework of CE. 

 Second, the realism of DT models in the metaverse can be enhanced by data, creating realistic 

simulations of products and processes. This enables engagement with digital products or specific 

environments, simulating real-world experiences (Qadir and Fatah 2023). 

Third, blockchain data is time-stamped, jointly validated, and recorded by consensus nodes and cannot 

be tampered with or falsified, ensuring the reliability of peer-to-peer exchange. Thus, blockchains facilitate 

secure data transmission (Yu et al. 2018) and ensure trustworthy data through the elimination of the 

possibility of duplicated data (Venugopal et al. 2023). This results in an improved information flow and 

tracking of product lifecycles, especially for sustainable management of resources (Zhong and Zhao 2024). 
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However, there are also barriers to data in the metaverse. In line with De Giovanni (2023), it is argued 

that the metaverse requires numerous data centers and storage spaces, which require enormous data streams 

and a thousand-fold increase in computing power (Aung et al. 2024). Evidence shows that using big data 

requires an annual global consumption of around 200 terawatt hours in data centers, which is more than the 

energy consumption of some countries, e.g., Argentina, Ukraine, and Thailand (De Giovanni 2023), again 

showing that a barrier is the metaverse’s high energy consumption. 

Another barrier arises in data management. The metaverse handles enormous volumes of data at high 

velocities and varieties. Data management and presentation are difficult for system interfaces, particularly 

when working with real-time data, complicated data structures, and data visualization (Khanna et al. 2024). 

Working in the metaverse requires data sharing, such as tracking product life cycles or sharing 

sustainability data. This is a concern, as supply chain partners may be reluctant to share data (Davies et al. 

2024), e.g., due to a need for blockchain governance (Lee 2023), as well as the in the Product Design 

dimension described vulnerability of data to hacking poses data security risks. Therefore, keeping data from 

unauthorized access is a challenge (Khanna et al. 2024). 

4.6 Transportation 

Transportation of goods in global trade significantly contributes to greenhouse gas (GHG) emissions, 

making it imperative to adopt efficient and sustainable practices in transportation planning. The concept of 

the metaverse offers promising solutions for achieving efficiency and sustainability and can potentially 

replicate the entire life cycle of an actual transportation system, enhancing its efficiency, dependability, 

controllability, and adaptability (Li et al. 2017). Aldweesh et al. (2023) argue that in both virtual and real-

world settings, the metaverse can facilitate more environmentally friendly transportation planning and 

provide information for decision-making processes. For example, based on the metaverse data, routing 

algorithms can be used to optimize routes and transport management strategies can be tested (Ostroukh et 

al. 2023). This leads to a reduction in transportation costs and a possible reduction of GHG emissions, 

supporting sustainable development and CE standards. 

 Accessing the metaverse encourages users to decrease their overall mobility, implying a reduction of 

carbon dioxide emissions linked to transportation (De Giovanni 2023). For instance, as stated before, the 

metaverse enables professionals to collaborate without having to travel physically, minimizing travel-

related emissions. By offering additional information and directives for managing network resources, the 

metaverse acts as a catalyst for improving transport networks. Represented as a collection of guidelines, 

variables, and limitations governing ideal network performance, the metaverse ensures seamless 

coordination between different stakeholders involved in transportation planning and operations (Ostroukh 

et al. 2023). Real-time information is needed to optimize routes and lower the possibility of delays or 

accidents (Reddy et al. 2023), which, as described in the prior Data dimension, can be challenging to handle. 

4.7 Production Planning and Prediction 

Integrating the metaverse into production processes can enhance crucial aspects of CE implementation. 

Businesses can involve customers directly while reducing waste by enabling on-demand production via 

AR/VR technologies (De Giovanni 2023). Furthermore, transparency, optimization, and efficiency in 

production processes and planning can be promoted. Sustainability can be achieved by producing goods on 

demand, saving material and reducing energy consumption. On-demand production helps to conserve 

natural resources and reduce waste, which are essential goals of CE. Such production requires significant 

customer involvement in the production process, which can be facilitated using AR/VR technologies in the 

metaverse (De Giovanni 2023), as described before in the Product Design dimension. 

 Additionally, virtual remote collaboration with partners and customers can reduce production and 

quality assurance risks (De Felice et al. 2023), leading to greater efficiency through increased transparency 

(Dolgui and Ivanov 2023). Real-time monitoring of inventory, equipment health, and logistics can identify 

bottlenecks early (Hajian et al. 2024; Khanna et al. 2024), promoting transparency, which is crucial for CE. 
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For example, the usage of the Internet of Things, as well as AI can enable real-time monitoring of supply 

chain operations (Zhong and Zhao 2024). 

In addition to the mentioned substitution of physical goods, logistical and production processes can be 

replaced and simulated (Dolgui and Ivanov 2023; Hajian et al. 2024). This offers several advantages in 

terms of CE, including low scrap rates, high production facility saturation, low waste, and improved energy 

efficiency (De Giovanni 2023). Simulation, e.g., in DTs, can be utilized to analyze production processes in 

different scenarios to identify bottlenecks (Dolgui and Ivanov 2023). This enables organizations to optimize 

their supply chain management (Hajian et al. 2024). Virtual scenarios are emerging as an important tool 

within the metaverse (Zhong and Zhao 2024). DT has further applications in logistics, traceability, energy, 

processes, and material inputs, which can be optimized for more sustainability (Zawish et al. 2024).  

 Prediction and forecasting are crucial aspects of production planning. They can support the decision-

making of organizations (Dolgui and Ivanov 2023; Zhong and Zhao 2024). It enables data-driven decisions 

through profound insights into the data (Khanna et al. 2024). For example, harvesting rich data from the 

metaverse can be used for decision-making and forecasting (Zhong and Zhao 2024). 

 However, this dimension does not only offer potential. On-demand production leads to increasing 

complexity and a growing carbon footprint due to the integration between physical and digital facilities. 

This integration may result in additional energy consumption (De Giovanni 2023). Furthermore, connecting 

these facilities presents a challenge (Yao et al. 2024). Changes in production systems and atypical 

investments may create further complexity (De Giovanni 2023). 

4.8 Costs 

When looking at CE, it is clear that costs are one of the significant obstacles to implementing CE (Stumpf 

et al. 2021). Accordingly, using the metaverse for CE also shows an ambivalent picture regarding costs. All 

the described advantages and potentials of the metaverse contribute to optimization and cost reduction. The 

metaverse can create new business models that significantly reduce costs and greatly increase revenues. 

More deeply targeted and tailored advertising to the end user is possible via the metaverse (De Felice et al. 

2023). The metaverse is always available and offers hardly any restrictions in the virtual world regarding 

targeting users. Another example of improving the cost ratio is the already mentioned metaverse's ability 

to obsolete business trips (De Giovanni 2023). Additionally, the costs of trust for worldwide collaboration 

can be reduced through smart contracts facilitated by the blockchain (Zhou et al. 2023). 

Unfortunately, the metaverse also brings hurdles when it comes to costs. In addition to the initial 

modeling expenses, there can also be high costs for the technical equipment required for a user to participate 

in the metaverse (Khanna et al. 2024), although Zawish et al. (2024) state that AR and VR equipment has 

become more reasonably priced due to increasing popularity. Users must also be comprehensively trained 

in using the metaverse, which implies further expenses (Siahaan et al. 2022). 

Energy consumption is another major cost factor (Zawish et al. 2024). Metaverse applications consume 

considerably more energy than conventional computer systems. Large amounts of data must be stored 

persistently and yet be available worldwide with low latency times. This requires comprehensive computing 

and storage options on large server farms (Wang et al. 2023b). Here, too, the high electricity consumption 

causes direct costs, but at the same time, indirect costs are also caused by the high environmental impact 

that the high electricity consumption entails, for example, in CO2 emissions (Jauhiainen et al. 2023). 

Related CO2 certificates cause major expenses for companies, and social costs must also be considered. 

Finally, the use of the metaverse can undoubtedly have health consequences, be it the potential for 

addiction or the loss of a sense of reality (De Felice et al. 2023). Costs for treating such health problems 

must be considered. Using the metaverse can also have further indirect consequences for a company if, for 

example, the metaverse already covers customer needs. Therefore, no physical product that promises a 

higher profit margin for the company is sold (Zawish et al. 2024), leading to product cannibalization. 
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4.9 Access and Use 

No matter the potential benefits the metaverse has for CE, its accessibility and will to use it are important 

factors for harvesting these benefits. Generally, the metaverse is free and open to anyone without any 

limitations other than owning the necessary devices (De Felice et al. 2023). The metaverse can provide 

educational opportunities for people who might otherwise be excluded due to various reasons (Al-Emran 

2023). This potentially grants a bigger audience the opportunity to interact virtually with measures to adopt 

CE, e.g., incentivizing consumers to use recycled products (Zawish et al. 2024). 

However, several barriers to adaptation exist. First, the use of the metaverse requires a robust internet 

connection and IT infrastructure, which might not align with the state of every link in international supply 

chains (Davies et al. 2024). Thus, the adoption and development levels are still limited (Siahaan et al. 2022), 

consequently limiting the connected development of CE through metaverse adoption. 

Second, using the metaverse needs hardware like haptic gloves, vests, VR headsets, AR glasses, etc. 

Such equipment can be expensive, mitigating incentives to use the metaverse (Khanna et al. 2024). 

Third, health issues related to VR, like nausea and motion sickness, are common (De Felice et al. 2023), 

which can result in not being able to use metaverse technology. Additionally, not all businesses are well 

acquainted with the metaverse, so they do not have enough knowledge to use it (Al-Hachim and Al-Sukaini 

2023). Due to the novelty of the metaverse, decision-makers might also be reluctant to adopt it as they do 

not believe in its benefits (Gokasar et al. 2023). Acceptance of the metaverse is needed, but resistance to 

change is another reason for a lack of adaptation (Khanna et al. 2024). 

Even if businesses want to use it, the management and user-friendly presentation of data, especially for 

the mentioned possible complex data structures, pose a challenge. As businesses will still rely on legacy 

systems and infrastructures, integrating these into the metaverse is another barrier (Khanna et al. 2024). 

5 CONCLUSION 

In this paper, a structured literature review was conducted to identify potentials and barriers that the 

metaverse provides for CE. After laying the theoretical foundation of the metaverse and CE, nine 

dimensions are identified that cluster the plethora of findings into groups that are important for businesses. 

Our findings show that there are many potentials of the metaverse for CE and generally more potentials 

than barriers, although the potentials and barriers of the dimensions Data, Costs, and Access and Use apply 

to nearly all other dimensions, giving more weight to their specific potentials and barriers. To answer the 

research question, the potentials include enhanced collaboration along the supply chain, innovative circular 

products and business models, optimized product design, immersive training, detailed simulations, secure 

data transmission, a more efficient and traceable transportation network, immersive learning about CE 

principles, reduced costs, and increased revenues. The barriers involve high complexity of implementation, 

enormous computing power necessary, immense data streams, too complex data structures, unauthorized 

access to data, reluctance to data sharing and adoption of metaverse technologies, health issues, and an 

ambivalent cost structure. Some principles of the 9R Framework that highly contribute to circularity are, 

thus, mitigated to less circular principles, e.g., through high energy consumption. 

This work contributes to the scientific community by showing how the metaverse can support 

sustainable development by considering CE principles and identifying barriers to address. The managerial 

contributions consist of insights to inform decision-makers about the impact of using the metaverse for CE 

and can result in the creation and modification of more sustainable business strategies and practices. 

This paper’s findings are based on current data and only represent a snapshot in time in the dynamic 

field of the metaverse and CE. As this work is limited to a synthesis of findings to provide an overview, in 

future work, each dimension can be investigated more in depth and more focus can be laid on a qualitative 

evaluation using the 9R Framework for all potentials and barriers. For further qualitative evaluation, an 

interview survey with experts can be conducted to identify the intersection and join of the findings. 

Subsequently, a comprehensive description of the metaverse within the CE, highlighting its potentials and 
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barriers, can be created and used as a reference when developing a decision model for technology selection 

in businesses. Plus, requirements to overcome the barriers and foster the potentials can be formulated. 
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