
The International Journal of Engineering and Science (IJES) 
|| Volume || 13 || Issue || 1 || Pages || PP 44-50 || 2024 || 
ISSN (e): 2319 – 1813 ISSN (p): 2319 – 1805 

 

DOI:10.9790/1813-13014450                                     www.theijes.com                                                       Page 44 

Navigating the Metaverse: Exploring the Impact on 

Building Performance and Operations, Decarbonization, 

and Human Wellbeing  
 

Chee Kit Ho
1
, Charles Lee

2
, King Jet Tseng

1
, Chiang Liang Kok

2
, Yit Yan Koh

2 

1
Singapore Institute of Technology 

2
University of Newcastle, Australia 

Corresponding Author:ho.cheekit@cwservices.com  
 

--------------------------------------------------------ABSTRACT---------------------------------------------------------------- 

The emerging Metaverse, despite its current state of infancy, is positioned to seamlessly integrate into our 

everyday lives, exerting transformative influence across various sectors, unlocking commercial prospects, and 

augmenting overall well-being. This investigation delves into the potential benefits and drawbacks inherent in 

utilizing the metaverse to optimize building performance, particularly with regards to well -being, health, and 

resource efficiency. As we endeavor to achieve the ambitious objective of decarbonizing buildings and attaining 

Net Carbon Neutral or Net Carbon Zero status, this research underscores the pivotal role of digital 

transformation, machine learning, and comprehensive human education in harnessing opportunities. 

Furthermore, the study addresses critical concerns pertaining to health implications and significant carbon 

emissions linked to AI model training, offering a comprehensive exploration of the metaverse's impact on 

sustainable and efficient building practices. 
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I. INTRODUCTION 

Web 1.0 constrained users to a passive role, imposing limitat ions on interactions to the act of perusing 

or observing unchanging content on websites. The advent of Web 2.0 brought forth a paradigm shift, 

introducing interactive and user-centric characteristics to the World Wide Web. Presently, as we contemplate 

the progression towards Web 3.0, the notion of the Metaverse emerges, seamlessly merg ing virtual and tangible 

realms into decentralized, mult i-user platforms. This transition enables mult isensory engagements within 

dynamic, frequently three-dimensional (3D) environments, empowering users to encounter real-time existence 

[1,2].The term "Metaverse" gained prominence in 2020, although its application in  scientific research remains at 

an early stage. In the meantime, the "built environment" encompasses the physical backdrop of our daily lives, 

encompassing structures, infrastructure, and networks that shape our activities.This research paper delves into 

the potential applications and uncertainties surrounding the Metaverse within the interdisciplinary realms of the 

built environment, spanning building design, operations, maintenance, and health and wellness. Its objective is 

to explore how the Metaverse can actively intervene through cognitive digital twin environments, exert ing 

influence over both the virtual and physical worlds. 

 

II. UNDERSTANDING OF BUILT ENVIRONMENT, HEALTH AND WELLNESS, INDOOR 

ENVIRONMENTAL QUALITY AND RESOURCE EFFICIENCY 
A considerable proportion of greenhouse gases in the atmosphere, amounting to 40%, originate from 

the constructed environment. Given that individuals spend a significant portion, more than 90%, of their lives 

indoors [3], the effectiveness of these structures holds substantial influence over physical, mental, and emotional 

well-being, as well as the long-term durability of physical assets  [4-5]. It is rather surprising, however, that the 

focus on building renovations, which represent over half of the revenue for the American Institute of Architects 

(AIA), primarily emphasizes aesthetics and functionality, allocating a mere 3.8% towards enhancing energy 

performance and a scant 1.6% to improve resilience. Th is contributes significantly to the carbon footprint during 

a critical climate crisis. In this context, the emergence of the Metaverse presents a potential solution to mitigate 

these emissions.In today's society, where an increasing amount of time is spent indoors, especially among the 

younger generation referred to as the "indoor generation," concerns regarding associated physical issues are 

becoming more prominent [6]. The Whitehall II Study conducted by Marmot and colleagues [7] underscores 
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that the impact of physical surroundings on mental health extends beyond the avoidance of Sick Building 

Syndrome (SBS). Employers and Build ing Management Departments (BMDs) must consider broader factors, 

including job structures and employee autonomy, in order to foster a healthier lifestyle[8].Considering the 

expected rise in the burden of non-communicable diseases due to longer working lives and increasing life 

expectancies, lifestyle factors such as smoking, poor diet, and physical inactivity play a crucial role. The 

Metaverse, with its potential to educate and inspire healthy living, becomes a powerfu l tool in controlling and 

modifying these risk factors  [9].However, it is important not to overlook the environmental impact of Metaverse 

technologies. Projections indicate significant carbon emissions resulting from the use of OpenAI's GPT -3 and 

Meta's OPT, with estimat ions of over 500 and 75 metric tonnes of carbon dioxide released, respectively. 

Moreover, the utilization of cloud computing, which is integral to online gaming, virtual reality, and high -

resolution image processing, further exacerbates these emissions. Therefore, responsible management of the 

environmental consequences of the Metaverse is of utmost importance. 

 

III. LITERATURE REVIEW  

 

Because they perceive the potential benefits for strategic empowerment, investors and building owners 

are keen to incorporate emerging technologies like augmented reality, blockchain, extended reality, and art ificial 

intelligence. Metaverse is one of the technology disruptions that the built environment (BE) sector and the 

greater business community are paying attention to. [10-13] 

 

The hyperconnected digital universe known as the metaverse has the potential to drastically change 

how building designers, operators, and business interactions are carried out in the future built environment in a 

world where several virtual realit ies collide. The potential of the metaverse is growing as more individuals 

spend time due to extensive digitalizat ion of business processes and greater adoption of business to business 

(B2) integration. Enterprises are also allocating substantial resources towards the advancement of metaverse 

methodologies. The fundamental elements of the constructed environment have been influenced by various 

metaverse strategies. Research on functional metaverse is currently lacking.  

 

The objective of this article is to offer a comprehensive examination of the incorporation of metaverse 

methodologies for many stakeholders involved in the built environment. The assessment identifies a number of 

areas that need additional investigation into the BE-metaverse ecosystem, such as boosting the accuracy of point 

cloud data for as-built models of current facilities, strengthening data interoperability, design for cybersafety (e-

safety), Sustainability and creating effect ive virtual real-estate operation and managment integration. 

 

IV. POSSIBILITIES AND UNCERTAINITIES  

The term "metaverse" denotes a parallel, three-dimensional (3-D) virtual reality that permeates the 

entirety of digital technology, poised to revolutionize how we live, p lay, study, and work in the tangible 

world.The initial phase of the internet, known as Web 1.0, primarily showcased static webpages with limited 

user interaction or user-generated content. The transition to Web 2.0 in the 90s introduced improved user 

interfaces and experiences, alongside user-generated content, paving the way for blogs and social media 

platforms. This progression led to a vast network of interconnected websites and informat ion. Envisioning a 

departure from the dominance of technology giants, Web 3.0 utilizes decentralized blockchain technology, 

tokens, and Decentralized Finance (DeFi) to establish dependable, secure, and immersive decentralized web 

platforms, content, and services [10].In traversing a Metaverse-driven world, where d igital interactions are 

incessant, priorit izing human connection necessitates deliberate curation. Acknowledging that Homo Sapiens 

are inherently wired fo r interaction and societal progress, the key to achieving success lies in fostering 

connection, communication, and trust (CCT) as the three pivotal drivers of success. Disregarding the 

significance of CCT may lead to resistance to change, posing substantial risks to the overall outcome and the 

quality of the user experience in this new era of the Metaverse. 

 

V. OPPORTUNITIES   

In recent times, there has been a profound transformat ion in the fields of education and healthcare. The 

realm of education, which used to be conventional, has now incorporated immersive technologies such as 

Virtual Reality (VR) and Augmented Reality (AR). Moreover, the emergence of brain-to-computer interfaces 

has opened up new possibilities in terms of cognitive interaction.Immersive technologies, especially in the realm 

of training and education, have become indispensable. The utilization o f mixed reality (MR) for presenting 

informat ion has proven to be more effective in terms of retention compared to traditional two -dimensional 

screens. The digital domain offers customized training environments, thereby eliminating the need for physical 

laboratories and associated resources. This contributes to the objective of achieving net -zero carbon 
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emissions.Within the educational metaverse, three crucial elements intersect: the student, their temporal and 

spatial context, and the learn ing experience. Zheng et al. [14] propose a unique framework for co llect ive 

intelligence in the educational metaverse, driven by data and knowledge. Although still in its early stages, smart 

services within the educational metaverse are currently being explored.The global transition to virtual education 

in response to the COVID-19 pandemic has resulted in a significant reduction in carbon emissions, as physical 

visits to campuses became impract ical. This unintended environmental benefit highlights the potential of digital 

education models.To illustrate the transformative impact of technology in education, the Ministry of Education 

(MOE) in Singapore introduced the Adaptive Learning System for mathematics in June 2023. This system, 

which focuses on Primary 5 subjects, utilizes artificial intelligence (AI) and machine learn ing to generate 

personalized learn ing recommendations based on student responses. By incorporating AI as a pre -learning tool, 

students can engage with subjects before formal instruction, enabling educators to  tailor their classes based on 

feedback and data collected by AI. This innovative approach harnesses technology to enhance both teaching and 

learning experiences in the educational landscape. 

 

 
Figure 1: Metaverse Features for Learning and Education Platform 

 

Within the expansive metaverse universe, individuals armed with Web 3.0 access can collaborate 

seamlessly from any corner of the world, transcending limitations, language barriers, and physical boundaries. 

Crafting personalized virtual environments enables users to manifest their imaginative creations and seamlessly 

bridge the gap between the digital and tangible realms. Remarkably, the metaverse offers an inclusive space 

where indiv iduals with diverse neurodiversity can explore without the constraints of the physical world, 

fostering learning and discovery in a more equitable environment [15]. This holds the potential to shape a more 

egalitarian reality.However, as the metaverse hosts both children and adults in an unregulated space (Figure 2), 

concerns arise about potential risks, particularly for tweens and adolescents vulnerable to explo itation and harm. 

To tackle these challenges, it becomes crucial to advocate for awareness, guidance, moderation, and 

enforcement within the metaverse. This necessitates the pivotal roles of parental guidance, adherence to PG-13 

regulations, and collaborative efforts from non-governmental organizations (NGOs) to ensure a secure and safe 

metaverse experience. 

 

 
Figure 2: Cyber Physical + Social Protection Framework 

 

The metaverse functions as a central point where the tangible and virtual realms converge, giving rise 

to a cosmos beyond reality. In order to seamlessly incorporate digital workspaces and learning environments, it 

is imperative to establish a crucial link between the virtual world and physical production systems. The 
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Industrial metaverse enables real-time physical interactions, enhances the visualization of Cyber-Physical 

Systems (CPSs), and serves as a digital replica of the workplace, thus elevating its overall functionality 

[16].Envision a virtual workplace, whether in two or three dimensions, that closely replicates its real-world 

counterpart, complete with standard amenities such as conference rooms, collaborative spaces, workstations, 

visual aids, and even communal areas for d ining. Picture engaging in a virtual face -to-face meet ing with 

colleagues who are represented by avatars, all from the comfort of your own home [17]. 

 

In a global p ilot program carried out over a span of two months  in 2022, forty employees from 

Cushman & Wakefield, hailing from five different countries, delved into the realm of virtual reality headgear. 

The outcomes were compelling, as ninety percent of new connections established in the metaverse translated 

into heightened cross-regional collaborat ion and client development. This organic collaboration fostered 

increased interaction among colleagues and the formation of new relationships. Employees encountered a 

unique form of spontaneous conversation, introductions, and connections, which were previously believed to be 

exclusive to in-person interactions, all thanks to the augmented reality dimension.Boeing's groundbreaking 

Mixed Reality (MR) applicat ion serves as a testament to the practical applications of the metaverse. This 

application provides trainees with step-by-step instructions, mixed reality visualizat ions, reference videos, and 

aircraft operation manuals, utilizing a virtual 3D rep lica of the aircraft and specialized aviat ion materials to 

facilitate Maintenance, Repair, and Overhaul (MRO) tasks [18]. 

 

 
 

Figure 3: Metaverse Brain to improve operational efficiency and effectiveness. 

 

Utilizing the technique of build ing information modeling, we possess the capability to produce a digital 

replica for a variety of pro jects, spanning from manufacturing facilit ies and data centers to entire smart cit ies. 

The engagement with this digital replica (as depicted in Figure 3) presents the opportunity to train automated 

machines within a simulated environment, thereby enhancing their performance in the real world. Th is strategy 

allows for a thorough examination and refinement of processes and operational procedures, all within a 

controlled setting, prior to their implementation in the physical realm.The convergence of t he Metaverse and 

Immersive Technology harbors promising prospects for the real estate industry, ushering in a future where the 

virtual and real domains seamlessly align with objectives of sustainability. The rap id evolution of the digital 

landscape underscores our collective obligation as professionals in the building and estate industry to explo it 

these groundbreaking tools.The Built  Environment sector, with its potential for transformation, can contribute to 

global betterment by seamlessly integrating sus tainability and technology. The impact of the metaverse is 

reshaping how we construct and maintain global infrastructure. However, even the most robust plans lack 

significance without the involvement of stakeholders. Engaging stakeholders in the planning a nd design of the 

built environment allows for interventions and revisions prior to physical implementation. When combined with 

mixed reality, digital replicas, and virtual reality (as indicated in Figure 4), participatory urban planning 

empowers users to observe, provide feedback, and collaboratively modify the built environment before it 

assumes physical manifestation [19]. 
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Figure 4: Metaverse in a Built Environment 

 

Researchers possess the capacity to simulate intricate undertakings and predict future occurrences prior 

to their physical manifestation. In order to underscore the magnitude of a temperature rise surpassing 1.5°C, 

experiential learn ing via mixed reality enables students to comprehend the enduring ramifications of climate 

change in the forthcoming century.The constructed environment assumes a pivotal role in determining 

individual well-being, with "walkability" encompassing elements of urban design that fos ter pedestrian activity 

and other forms of physical exertion. The utilizat ion of internet communication assists in expanding the 

knowledge of lawmakers and urban planners, guiding the development of built environments that optimize the 

integration of active modes of transportation and public transit [20, 21].As the metaverse grows increasingly 

intricate, the necessity for heightened data utilizat ion arises. Data centers, integral components of the metaverse, 

pose a significant challenge due to their emissions of CO2. The optimization of energy consumption within data 

centers becomes imperative.Essentially, the substantial energy consumption of the metaverse mandates 

met iculous consideration of its environmental impact. Researchers and the technology sector b ear the 

responsibility of learning from the metaverse's effects and ensuring that every technical decision priorit izes the 

well-being of the Earth.Applied mathematics presents opportunities to diminish the energy consumption of the 

metaverse. Innovative systems grounded in selective scanning, such as those devised by researchers at Nanyang 

Technological University in Singapore, streamline the creat ion of virtual realms by transmitting solely identified 

objects to metaverse service providers. Likewise, researchers at Shandong University employ advanced 

mathematical techniques to achieve a 40% reduction in measurement points while upholding precision in the 

establishment of dig ital rep licas. This approach yields a metaverse with diminished carbon emissions, courtesy 

of swifter computation.Web 3.0 technology, with its decentralization through distributed ledgers and smart 

contracts, engenders sustainable outcomes. By eliminating intermediaries, manual intervention, and arbitration, 

this approach averts power consolidation and reduces costs, enabling businesses to acquire and distribute 

resources in a more prudent manner. Furthermore, d igital t ransformat ion acts as a robust catalyst for 

environmentally responsible growth [22].Web 3.0 technology bolsters traceability and dependability through 

blockchain, ensuring the utmost level of control. The provision of secure, reliab le, and safe smart contracts and 

transactions mit igates the risk of manipulat ion and corruption. 

 

VI. IMPROVING MENTAL HEALTH AND WELLNESS IN WORKPLACES  

The potential positive impact of the metaverse on psychological responses and behaviors in the real 

world relies heavily on its capacity to stimulate healthier habits within the virtual realm. The transformat ion of 

existing physical environments necessitates careful planning and substantial financial resources, as the presence 

of poorly designed, densely populated urban areas and congested transportation systems act as obstacles to the 

adoption of healthier lifestyles.Within the metaverse, individuals can seamlessly maintain their exercise routines 

within a v irtual setting that is tailored to enhance their real-world surroundings. Taking inspiration from the 

Yerkes-Dodson law [23], the virtual workplaces within the metaverse offer employees the opportunity to 

achieve optimal levels of pleasant arousal, which may potentially enhance productivity. However, there is 

currently a lack of empirical research investigating the impact of exposure to a metaverse's health -promoting 

built environment on real-world health outcomes[24].The user-friendliness of devices that facilitate metaverse 

experiences requires improvement in order to address issues like motion sickness, thereby ensuring greater 

accessibility for learners. The creation of a d igital representation that encompasses both avatars and the real 

world necessitates obtaining consent, as the potential replication of existing so cial structures within the 

metaverse raises questions about the digital divide.The protection of personal data, security, and privacy is of 

utmost importance for the metaverse, particularly in enabling students to navigate and engage in social 

interactions without concerns about identity theft or security risks. Additionally, it is crucial to consider the 

inclusivity of neurodiverse learners, addressing any potential barriers faced by vulnerable populations, including 

minorities and those with limited access, proficiency, or a sense of safety in metaverse engagement.Excessive 

time spent in the virtual world may supplant face-to-face interactions, resulting in social isolation, particularly 

among young people[26,27,28]. Furthermore, acute health issues such as headaches and eye strain are common 

in virtual environment[29]. The increasing popularity of the metaverse may potentially lead to a detachment 
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from the real world, hindering active participation in decision-making processes related to urban planning or 

community health.Metaverses driven by artificial intelligence have the capability to replicate societal norms, 

which raises concerns regarding ageism, racism, and heteronormat ivity. Therefore, it is crucial to develop and 

disseminate guidelines that promote safe and healthful use of the metaverse in light of these considerations.The 

environmental impact of metaverse technologies, including significant carbon emissions and the potential for 

increased electronic waste, emphasizes the need for organizations to  adopt a Safety by Design strategy. This 

strategy aims to identify and mit igate hazards at an early stage of technology development, while also taking 

into account the rights and safety of vulnerable groups, potential harms, and remedies associated with 

neurotechnology.Failure to adequately incorporate human rights concerns into the development of 

neurotechnology could disproportionately affect vulnerable groups, including ind ividuals with neurodiverse 

conditions, various disorders, and children and young people. It is critical to consider how risks and remedies 

may differ in various circumstances, including those involving domestic violence, sexual violence, or family 

violence. 

 

VII. CONCLUS ION  

The enduring and significant question is posed by the ongoing discourse surrounding the influence of 

the metaverse on real-world behavior.The true realization of the metaverse's potential lies in its ability to 

provide extensive access to experiential learning and train ing for the most disadvantaged populations , 

surpassing the limitations of time and space across geographic boundaries.However, marg inalized communities 

may encounter obstacles when attempting to enter the metaverse. In order to establish an inclusive and equitable 

metaverse, it is essential to incorporate the principles of sustainability (represented by the 'S' in Metaverse ESG) 

from the outset, rather than retroactively implementing them after exponential expansion. The construction of a 

sustainable metaverse guarantees accessibility for all.A comprehensive and interdisciplinary examination of the 

metaverse's impact on resource optimization, well-being, and health remains crucial. In order to utilize the 

metaverse for ev idence-based insights into the built environment and health, collaborat ion amon g engineers, 

researchers, and various disciplines such as information technology, artificial intelligence, software engineering, 

and computer engineering is indispensable. This collaborative endeavor will drive the metaverse towards 

advancing a knowledge base firmly rooted in the intersection of the built environment and health. 
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