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INSTITUTIONAL-ECONOMIC MODEL OF METAVERSE STANDARDIZATION

The article examines the institutional and economic foundations of the formation of standards for metaverse
functioning in the context of its accelerated market growth. The theoretical provisions of the economics of standards,
the theory of network effects, institutional economics and platform theory in relation to the development of digital
ecosystems are analyzed. Key factors of technological fragmentation have been identified, including platform
incompatibility and the formation of closed ecosystems that increase transaction costs.

Based on the analysis of market dynamics, the exponential trajectory of the global metaverse market
development is determined and the formation of a new macro-level digital industry is demonstrated. The geo-economic
constraints associated with the growing demand for rare earth elements and the high concentration of their extraction
and processing are analyzed. The analysis demonstrates that resource dependence increases the institutional risks of
scaling digital platforms in the absence of unified standards.

An institutional and economic model of metaverse standardization has been developed, which defines a
cascading relationship between market momentum, technological fragmentation, geo-economic constraints, and the
formation of standards. The necessity of developing a roadmap for the phased implementation of standards as a tool
to reduce transaction costs, ensure interoperability and increase the sustainability of digital ecosystems is
substantiated.

The results obtained can be used in shaping the policy of international standards coordination and developing
strategies for the long-term development of digital platforms.

Keywords: metaverse, standardization, economics of standards, digital ecosystems, institutional regulation,
platform economy, geo-economic risks, rare earth elements.

Kinm ce30ep: memasepc, cmanoapmmay, CmMaHoapmmap 3KOHOMUKACHL, YUPDPIbIK IKodCyluenep,
uHcmumyuuonaﬂébm pemmey, nﬂamqbopmaﬂbn; IKOHOMUKA, 2E€03KOHOMUKAJIbIK mayekeﬂdep, cupexk aicep
anemenmmepi.

Knrouegvie cnosa: memaecenlenHasl, cmam)apmwauuﬂ, OKOHOMUKA cmaHdapmoe, uuqbpoebze JKocucmemol,
UHCMUmMYYUOHANbHOE pecyiiuposarnue, nﬂamd)opmel-maﬂ IOKOHOMUKA, 2€0IKOHOMUYeCKUue pucku, p€0K03€M€JZbel€
aJlemeHmol.

Introduction. The rapid development of the metaverse is shaping a new phase of transformation in
the digital economy, in which virtual environments, platform technologies, and immersive interfaces are
integrated into production, financial, and social processes. The metaverse is gradually moving beyond the
entertainment sphere and is positioned as an infrastructural basis for the formation of digital ecosystems
that unite users, companies and governments. At the same time, the accelerated scaling of this technological
environment is accompanied by increased fragmentation of platforms, the lack of unified protocols for
interaction and the formation of closed ecosystems, which increases transaction costs and limits the
interoperability of digital services.

The relevance of the research is determined by the need for an institutional understanding of the
processes of standardization of the metaverse in the context of its accelerated growth and increasing
competition between technological platforms. The scientific and analytical literature is dominated by
market forecasts and applied research of individual industry scenarios, however, an insufficiently developed
institutional and economic mechanism for the formation of standards capable of ensuring the long-term
sustainability and compatibility of digital ecosystems remains.
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The purpose of this study is to develop an institutional and economic model for the formation of
standards for the functioning of the metaverse and substantiate the need for a phased implementation of the
corresponding roadmap. To achieve this goal, the following tasks are being solved:

- analysis of the theoretical foundations of the economics of standards in digital ecosystems;

- assessment of market dynamics and structural factors of the metaverse development; identification
of institutional and geo-economic constraints;

- formation of a conceptual standardization model and identification of key directions for its
implementation.

The methodological basis of the research is the provisions of the theory of network effects, institutional
economics and the theory of platforms. The study employs comparative analysis, institutional modeling,
forecasting market dynamics based on open analytical sources, as well as the systematization of statistical
data from international organizations and industry reports. The use of generally accepted methods of
economic analysis and statistical information processing ensures the reproducibility of the results obtained
and the correctness of the conclusions.

Literature review. Modern research on the metaverse is formed at the intersection of the digital
economy, platform theory and analysis of new technological ecosystems. A significant part of the
publications is devoted to assessing the market potential and forecasts of industry growth. In particular,
analytical reports by Mordor Intelligence [1] and Bloomberg Intelligence [2] emphasize the
transformational nature of the metaverse as the next global technology platform capable of integrating
digital services, financial instruments, and immersive communication technologies. These sources form the
guantitative basis for assessing the scale and pace of market expansion.

Methodological aspects of digital media research are being developed in works devoted to new tools
for analyzing user behavior in VR/AR and metaverse contexts [3]. These studies demonstrate the increasing
complexity of service models and the formation of new types of digital interaction. At the same time, a
number of publications examine the possibilities and prospects for the development of the metaverse for
the economy and society [4], including its impact on the structure of markets, the digital transformation of
industries and the formation of new business models. Later, the research was supplemented by an analysis
of the current state of technology development and their application scenarios in certain sectors, primarily
in the financial industry [5], which highlights the institutional and technological limitations of scaling
digital ecosystems.

In more recent works, the problems of the intersectoral application of the metaverse are expanded,
value effects, regulatory challenges and risks of fragmentation of digital platforms are analyzed [6, 7]. At
the same time, studies summarizing forecasts of market dynamics and offering conceptual models of the
levels of functioning of the metaverse within the digital economy are presented [8]. These publications
confirm the intersectoral nature of the development of the metaverse and emphasize the need for an
integrated institutional approach to its standardization and regulation.

Despite the considerable volume of publications, a certain methodological gap remains in the
literature. Most of the research focuses either on market forecasts, or on the applied aspects of technology
implementation, or on the analysis of their socio-economic potential. The institutional and economic
mechanism for the formation of standards for the functioning of the metaverse as a tool for overcoming
technological fragmentation and reducing transaction costs has not been sufficiently developed. There is
no holistic model integrating market dynamics, platform competition, and the need for international
coordination of standards.

These contradictions and unresolved issues substantiate the relevance of this study aimed at
developing an institutional and economic model for standardization of the metaverse and forming a
roadmap for its sustainable development in the context of accelerated scaling of digital ecosystems.

The main part. The formation of standards for the functioning of the metaverse cannot be considered
outside the context of its exponential market dynamics. In recent years, the market has demonstrated one
of the highest growth trajectories among digital industries, reflecting the structural transition of the global
economy to immersive digital ecosystems. The scaling of virtual and augmented reality, the development
of cloud infrastructure, and the expansion of software and services segments are creating a steady
investment momentum that contributes to the institutionalization of the new digital industry.

The dynamics and forecast of the global metaverse market are presented in Table 1.
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Table -1
Dynamics and forecast of the global metaverse market (2021-2040), USD million*
Year Market volume, million USD Data type

2021 53,610.2 Actual

2023 82,020.6 Actual

2024 105,396.5 Actual

2030 936,574.7 Forecast (CAGR 43.9%)

2040 35,660 000 Projection (author’s extrapolation)

*compiled by the authors based on the source [9]; the year 2040 is calculated by the authors based on maintaining the
average annual growth rate at 43.9%.

The analysis of the data presented in Table 1 indicates a sharp acceleration of market expansion. If in
2021 the market volume was 53,610.2 million US dollars, by 2024 it had almost doubled, reaching
105,396.5 million US dollars. The forecast for 2030 (US$ 936,574.7 million) is based on an average annual
growth rate of 43.9%, reflecting the exponential phase of the industry's development.

Scenario extrapolation, while maintaining the current dynamics, demonstrates a potential volume of
about 35.66 trillion US dollars by 2040. Even taking into account the possible adjustment of growth rates,
the data point to the formation of a new macro-industry on a global scale. In the context of such dynamics,
network effects intensify, market concentration rises, and barriers to entry increase.

The economic importance of the metaverse goes beyond the digital entertainment sector, transforming
into an infrastructural element of the digital economy. Consequently, the lack of unified standards in the
context of rapid scaling can lead to the consolidation of fragmented platform structures and the formation
of an oligopolistic market architecture. However, the growth of digital infrastructure is accompanied by
increased material dependence on critical resources, primarily rare earths, necessary for the production of
VR/AR devices, semiconductor components and sensor systems. In this regard, the analysis of the resource
base is of key importance for understanding the sustainability of the metaverse as a global technological
ecosystem. Data on the forecast demand for rare earths are presented in Table 2.

Table -2
Forecast of demand for rare earth elements (APS), thousand tons

Indicator 2021 2023 2030 2040
Demand for clean technologies 11 16 46 64

Other uses 67 76 87 105
Total demand 78 93 134 169
Secondary supplies and reuse 22 25 36 48

Primary supply requirements 57 67 98 121
The share of the three largest countries in production, % 81% 85% 81% 81%
The share of the three largest countries in processing, % 98% 98% 92% 93%

*compiled from the source [10]

The data presented in Table 2 reflect the forecast of global demand for rare earths under the Announced
Pledges Scenario (APS) developed by the International Energy Agency. This scenario models the dynamics
of demand, provided that countries implement their announced energy and climate commitments, which
makes it relevant for analyzing long-term technological transformation.

According to the data presented, the total demand for rare earths is increasing from 78 thousand tons
in 2021 to 169 thousand tons by 2040, which means a more than twofold increase over two decades. The
most significant dynamics is observed in the clean technology segment: the growth from 11 thousand tons
in 2021 to 64 thousand tons in 2040 indicates a structural reorientation of the global economy towards
digital and low-carbon solutions.

Special attention should be paid to the indicator of primary supply requirements, which increases from
57 thousand tons to 121 thousand tons. Despite the growth of secondary supplies and reuse, dependence on
the extraction of primary raw materials remains. This indicates the limited possibilities of fully
compensating for the growing demand due to the circular economy.

A key institutional factor is the high concentration of extraction and processing of rare earths. The
share of the three largest countries in production is 81-85%, and in processing it reaches 98%. This global
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supply structure creates a systemic vulnerability of technological industries, including the metaverse, to
external shocks, trade restrictions, and geopolitical risks. In the context of the development of the
metaverse, this dependence acquires strategic importance.

The hardware infrastructure of the metaverse — VR/AR headsets, sensor systems, chips, tactile
devices - directly depends on the supply of rare earth elements and high—tech components. Consequently,
the exponential growth of the digital market (Table 1) is accompanied by a proportional increase in
commodity dependence.

From an institutional and economic point of view, this means the following:

- The growing scale of the metaverse increases the burden on concentrated supply chains.

- The concentration of production increases transaction-related and strategic risks.

- The lack of uniform technical standards exacerbates fragmentation, as different platforms use
incompatible hardware solutions.

Fragmentation increases production costs, reduces scalability, and limits the competitive environment.
Thus, the problem of standardization goes beyond software compatibility and becomes an element of geo-
economic sustainability of digital infrastructure.

With the simultaneous growth of the metaverse market and increasing demand for critical resources,
an institutional challenge is emerging: a coordination mechanism is needed that can reduce technological
fragmentation, reduce hardware redundancy, and ensure the interoperability of digital ecosystems. This
logic is systematically reflected in Figure 1.

I. Market Impulse: Exponential market expansion (CAGR 43.9%); Rapid scaling of
VR/AR technologies and digital platforms; Accelerated growth of software and service
segments.

I1. Technological Fragmentation: Platform incompatibility; Emergence of closed
digital ecosystems; Platform lock-in effects; Rising transaction costs.

I11. Geoeconomic Constraints: Increasing demand for rare earth elements;
Concentration of mining activities (=81%); Concentration of processing capacity (up to
98%); Vulnerability of global supply chains.

IV. Institutional Response: International coordination mechanisms, Development of
unified technical protocols, Legal harmonization across jurisdictions, Regulation of
interoperability requirements.

V. Standard Formation: Protocol unification, Cross-platform compatibility, Reduction
of market entry barriers, Optimization of hardware specifications.

V1. Economic Outcomes: Reduction of transaction costs, Strengthening of network
effects, Increased ecosystem resilience, Long-term market stabilization.

Figure — 1. Institutional-Economic Model of Metaverse Standardization*
* Developed by the authors.

The model shown in Figure 1 demonstrates the cascading relationship between market momentum,
technological fragmentation, geo-economic constraints, and institutional response. The exponential growth
of the market initiates the scaling of digital platforms, which leads to the formation of closed ecosystems
and platform lock-in effects. At the same time, dependence on concentrated commodity supply chains is
increasing. An institutional response in the form of international coordination, the development of technical
protocols and the harmonization of legal norms is becoming a prerequisite for the formation of sustainable
standards.

It is standardization that allows:

- to unify the protocols of interaction,
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- ensure platform compatibility,

- reduce transaction costs,

- reduce barriers to market entry,

- optimize hardware requirements.

The economic effect of standardization is manifested in strengthening network effects, enhancing the
stability of digital ecosystems and long-term market stabilization. Thus, Figure 1 integrates the quantitative
results of Tables 1 and 2 into a single institutional and economic framework, demonstrating the need to
develop a roadmap for standards for the functioning of the metaverse.

Conclusion. Within the framework of the conducted research, the necessity of forming an
institutionally agreed system of standards for the functioning of the metaverse in the context of its
exponential market growth is substantiated. Based on a quantitative analysis of the dynamics of the global
metaverse market, the emergence of a new macro-level industry of tens of trillions of US dollars in the long
term has been revealed. It has been established that the accelerated scaling of digital platforms is
accompanied by increased network effects, increased market concentration, and the consolidation of closed
ecosystems.

The analysis of the resource base showed the structural dependence of the development of the
metaverse on the supply of rare earth elements and a high concentration of extraction and processing of
critically important materials. It has been revealed that the lack of uniform technical and institutional
standards in the context of commodity concentration increases transaction costs, increases strategic risks
and limits the scalability of the digital ecosystem.

The scientific novelty of the research lies in the integration of network effects theory, institutional
economics, and standards economics with a geo-economic analysis of the resource dependence of digital
platforms. The developed Institutional-Economic Model of Metaverse Standardization makes it possible to
systematically link market momentum, technological fragmentation, geo-economic constraints and
institutional response into a single cascading structure of standards formation.

The practical significance of the results lies in the possibility of using the proposed model in the
development of international technical protocols, the formation of an interoperability policy for digital
platforms, as well as in the preparation of national strategies for digital sovereignty and regulation of critical
supply chains. The results can be applied by government authorities, international standardization
organizations, as well as corporate market participants in shaping strategies for the long-term development
of the metaverse.

This research was supported by the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (Grant No. AP23489090, “Study of the Influence of Metaverses
on the Development of Economy and Society: Conceptual Foundations, Assessment of Effects, and
Development of Standards”).
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Kypmanos H.A., Kaonyinuna I'.K., PaxumoexoBa A.E., Cat6aeBa A.7JK.
METABEPCTI CTAHJAPTTAYAbIH HHCTUTYHNOHAJIIBIK-9KOHOMHUKAJIBIK MO/JEJII
AHnjaTna

Makanaga MeTaBepcTiH KeJeJICTUINeH HapBIKTHIK OCY JKarlaiblHIa OHBIH JKYMBIC iCTEY CTaHAApTTapblH
KaJIBINTACTBIPYABIH MHCTHTYLHOHAJIBIK-OKOHOMHUKAJIBIK Herizzuepi KapacTelpbuiradH. CaHJBIK 3KOXyienepliy
JaMyblHa KAaTBICTBl CTaHJAPTTap ASKOHOMHKACBIHBIH, JKENUTK 3(QEKTTep TEOPUSICHIHBIH, WHCTHTYIHOHAIBIK
SKOHOMHKAHBIH KoHE IIaTQOpPMalblK TEOPHSHBIH TECOPMSUIBIK epekenepi TanfaHaabl. TeXHOJOTHMSUIBIK
(parMeHTaUMsAHBIH HETI3ri (akTopiiapbl aHBIKTAIABI, COHBIH ilIiHIe TuaTdGopManapablH YyileciMci3airi koHe
TPaH3aKIMSIIBIK IIBIFBIHAAPABI apTTHIPATHIH XKa0bIK IK0XKYHeIepaiH KaabIITacyHl.

HapbIKTBIK IMHAMHMKaHBI Tajajay Heri3iHxe MeTaBepcTiH jKahaHIBIK HAPBIFBIH JAMBITYABIH SKCIIOHCHIHAIIb]
TPAEKTOPHUSACHI AHBIKTABI )KOHE LIU(PPITBIK IKOHOMUKAHBIH JKaHA MaKPOUHIYCTPUACHIHBIH KAJIBIITACybl KOPCETUI.
Cupek xep 3IEeMEHTTepiHe CYPaHBICTHIH OCYiHe JKOHE ONapibl OHIIpY MEH OHICYAIH KOFAPHl KOHIIEHTPAIHACHIHA
0alTaHBICTHI TEO3KOHOMUKAIBIK IIEKTeYyJIep TajumaHabl. Pecypcrapra Toyenainik OipelHFalf cTaHmapTTap OonMaraH
Kargaiima mUGpPIbK TatdpopManapisl  MacliTaOTayAblH WHCTHTYLHOHAIIBIK —TOYEKeNIepiH KylueHTeTiHi
AHBIKTAJIIBI.

MeraBepcTi  CTaHAapTTayAblH WHCTHUTYLHOHAIABIK-D)KOHOMUKAIBIK MOJIEN  JKacajibl, OHOa HapPbIKTHIK
UMITYJIbC, TEXHOJIOTHSJIBIK (parMeHTanusi, Fe03KOHOMHKAJBIK I[IEKTEyJep MEH CTaHJapTTap/blH KaJbINTacybl
apachIHIarbl KacKalaThIK OaiiaHbIC aHbIKTANbl. TpaH3aKIMsIIBIK HIBIFBIHIAPABI a3alTy, MHTepolepadesbaiIiKTi
KaMTaMachl3 eTy oHe HUQPPIBIK SKOXKYHeTepaAiH TYPaKThUIBIFBIH apTThIPY KYpasbl pETiHAE CTaHAAPTTap/Abl KE3€H-
Ke3eHIMEH EHTi3y/liH YKOJI KapTachlH a3ipiiey Ka)KeTTUIIr Heri3enreH.

AJIBIHFaH HOTIDKEJIEp CTaHAAPTTapAbl XaIbIKapaJIbIK YHJISCTIpy cascaThlH KalbIITACTBIPYIa KoHE HU(PIBIK
iathopManapasl y3aK Mep3iMIi JaMbITy CTpaTerHsUIapblH 93ipiiey e HaillalaHbLTybl MYMKIH.

Kypmanos H.A., Kaoayaumnna I'.K., PaxumbexoBa A.E., CaroaeBa A.JK.
UHCTUTYIIUOHAJIBHO-3KOHOMHUYECKAS MOJIEJIb CTAHJAPTU3ALIMA METABCEJIEHHOM
AHHOTAUMS

B crathe paccMOTpEHBI WHCTHUTYLMOHAIBHO-DKOHOMHYECKHE OCHOBBI ()OPMUPOBAHMS CTaHIApPTOB
(YHKIMOHUPOBAHUS METABCEICHHOH B YCIOBHSIX €€ YCKOPEHHOTO PBIHOYHOTO pocTa. [IpoaHanmn3upoBaHBI
TEOPETHUYECKIE TTOJIOKECHUS YKOHOMHUKH CTaHIAPTOB, TECOPHH CETEBBIX A(PPEKTOB, HHCTUTYIIMOHATBHON IKOHOMUKH
U mI1aTGOpMEHHON TEOpPHH NMPUMEHUTEIHHO K Pa3BUTHIO IMU(POBBIX YKOCHCTEM. BBISBICHBI KIIOUYEBHIE (HAKTOPHI
TEXHOJIOTUYECKON (pparMeHTAINH, BKIIFOYast HECOBMECTUMOCTH TUIATGOPM U (HOPMHUPOBAHHE 3aKPHITHIX YKOCHCTEM,
MOBBIIAIOUINX TPAH3AKIUOHHBIE U3/IEPKKH.

Ha ocHOBe aHanm3a peIHOYHOI TUHAMUKY OIpeielieHa SKCIIOHCHIIMAIBHAS TPACKTOPHS Pa3BUTHUS TII00ATBHOTO
phIHKA METABCEJICHHONM W MOKa3aHO (OpMUPOBAaHME HOBOW MAaKPOMHIYCTPUH UU(PPOBOW IKOHOMHUKH.
IIpoananu3upoBaHbl T€OAKOHOMUYECKHE OIPAHUUEHHUS], CBSI3aHHBIE C POCTOM CIIPOCa Ha PEeIKO3EMEIIbHbIE 3JIEMEHTHI
U BBICOKOW KOHIIEHTpalueld WX N0ObIMM M TMepepadoTKH. BhIABIEHO, YTO pecypcHas 3aBUCUMOCTh YCHIJIMBAET
HHCTHUTYIMOHAIBHBIC PUCKK MacIiTaOupoBaHus HU(POBHIX MIATHOPM B YCIOBUSIX OTCYTCTBUS YHH(DHUIIMPOBAHHBIX
CTaHAapTOB.

Pa3paboTrana WHCTHTYIIMOHAJIHHO-dKOHOMUYECKAsh MOJETh CTaHIAPTH3AIMM METaBCEJICHHOH, B KOTOPOM
OompeNeeHa KacKagHas B3aWMOCBS3b MEXIY PHIHOYHBIM HMITYJIbCOM, TEXHOJOTHYECKOH (pparmMeHTammed,
TC€O’PKOHOMHYECKHMHU OTPAaHHUYCHHSIMH W (OPMHpPOBaHUEM CTaHAapToB. OOOCHOBaHA HEOOXOAMMOCTH pa3pabOTKU
JIOPO’KHOM KapThl MO3TAIHOIO BHEAPEHUS! CTAaHJAPTOB KaK MHCTPYMEHTA CHIPKEHUS! TPAH3aKIMOHHBIX H3JEPIKEK,
oOecrieueHHs HHTEPOIIEPaOeTbHOCTH U MOBBIIICHUS YCTOWIHUBOCTH HU(PPOBBIX SKOCHCTEM.

[lomy4yeHHBIE pe3yabTaTBl MOTYT OBITH HWCIONB30BaHBl MpPU (OPMHUPOBAHUU IOJIUTHKH MEXITyHAPOIHOMN
KOOpPIUHAIMH CTAaHAAPTOB U pa3pabOTKe CTpaTeTH JOJITOCPOTHOTO PA3BUTHS MU(DPOBBIX TIATHOPM.
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