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ECONOMIC MECHANISMS FOR STIMULATING
ENTERPRISES’ DEMAND FOR TECHNOLOGY
UNDER INDUSTRY 4.0 CONDITIONS

Erkayev Akrom Normukhammadovich

Independent Researcher, Tashkent State University of Economics,
ORCID: 0009-0001-2638-7958

Email: erkayevakrom27@gmail.com

AHHOTauuA: Ha ocHoBe ohmumanbHbIX CTaTUCTUYECKMX AaHHbIX 3@ 2016—2025 rogbl NnpoaHanM3MpoBaHbl
CNPOC MPOMBILUIEHHBIX MPEAnpPUATMN Y3beknctaHa Ha TEXHOMOrMM U JKOHOMUYECKME MEeXaHWU3Mbl €ero
CTUMYyNUPOBaHua B ycroBusax napagurmbl Industry 4.0. HaybyHo 06GOCHOBaHO, 4YTO TEXHOMOrMYecKoe
OBHOBIEHVE HE MPOUCXOOUT CMOHTAHHO, @ 3aBUCUT OT 3O(PEKTMBHOIO cnpoca NPEeAnpPUSTUA HA TEXHOMOMNN,
KOTOpbIN paccMaTpyBaeTCHd Kak B3aMMOCBSA3b OCO3HAHUS TEXHOMOTMMYECKMX MpeuMMyLLecTB, abcopBLMOoHHON
CMOCOBHOCTM M MoKynaTernbHOM cnocobHocTn. Pedynbratbl aHanmsa nokasbiBatoT, YTo B 2016-2025 rogax
00beM KanuTanbHbIX MHBECTULIMIA B pacyeTe Ha 0gHOro paboTtHuka yeenuumnncs ¢ 6,0 mnH o 94,5 mnH cymos,
TOrga Kak JoNs BbICOKOTEXHOMOMMYHbIX OTpAaCIien B MPOMbILLSIEHHOM NPOU3BOACTBE CHM3unach ¢ 29,2% B 2018
rogy 80 20,7% B 2025 roay. BeisiBneHHOe pacxoxaeHne CBMAETENbCTBYET O TOM, YTO MPY COXPaHEHNU BbICOKOTO
cnpoca npegnpusaTMiA Ha OCHOBHOE MPOM3BOACTBEHHOE OOOpyAOBaHME CMPOC Ha NepefoBble TEXHOMOrvm
OCTaeTCcs HedoCTaTo4dHO chopMMPOBaHHbLIM. Ha OCHOBE 3aMMMPUYECKOrO aHanm3a B Ka4eCTBe MPUOPUTETHbIX
Hal'lpaBJ'IeHI/IVI CTUMYINMPOBaHUA Crnpoca Ha TexXHOJIormm onpeaeneHbl nepeopueHTauna MHBeCTULUMOHHOIO
Kanutana C TpaguunOHHbIX MallnH “n oGopynosava Ha nepenoBble TEXHOJ10rnMnU, npuMeHeHue LeneBbiX
HaroroBbIiX CTUMYIIOB, BKIHOYad MOBbILLEHHbIE HalloroBble BbIYETbI, pasBUTuUE BHyTpeHHeI7I a6C0p6L|,I/IOHHOI7I
CMOCOBHOCTM NPeanpPUATUA U (HOPMUPOBaAHNE KOHKYPEHTHOWN PbIHOYHOW Cpeabl.

KnroueBble cnoBa: Industry 4.0, cnpoc Ha TEXHOMOrMmM, TEXHOMOrMYyeckas MmogepHu3aLmsi, UHHOBaLMOHHAs
3KOHOMMKA, abcopbLMOHHasa cnOoCOBHOCTb, HAaLMOHaNbHas MHHOBALIMOHHAsA cnucTema, LMpoBbie TEXHOMOIN,
CTPYKTYpa I/IHBeCTVILl,I/II7I, MeXaHU3Mbl CTUMYITNPOBAHUA, TEXHONTOrNYECKUMN noteHyman, LI.I/I(*)pOBbIe HaBbIKW.

Abstract: Based on official statistical data for 2016-2025, the demand of Uzbekistan’s industrial
enterprises for technology and the economic mechanisms for stimulating it under the Industry 4.0 paradigm are
analyzed. It is scientifically substantiated that technological renewal does not occur spontaneously but depends
on enterprises’ effective demand for technology, which is conceptualized as the interaction of awareness of
technological benefits, absorptive capacity, and purchasing power. The results indicate that, although capital
investment per employee increased from UZS 6.0 million to UZS 94.5 million during 2016—2025, the share of
high-technology sectors in industrial output declined from 29.2% in 2018 to 20.7% in 2025. This divergence
indicates that, while enterprises continue to demonstrate strong demand for basic capital equipment, demand
for advanced technologies remains insufficiently developed. Based on the empirical analysis, the key priorities
for stimulating technology demand are identified as redirecting investment capital from conventional machinery
and equipment toward advanced technologies, introducing targeted tax incentives, including super-deductions,
strengthening enterprises’ internal absorptive capacity, and fostering a competitive market environment.

Keywords: Industry 4.0, technology demand, technological modernization, innovation economy, absorptive
capacity, national innovation system, digital technologies, investment structure, incentive mechanisms,
technological capability, digital skills.

INTRODUCTION

The Industry 4.0 concept signifies the organization of industrial production based on advanced digital
technologies, cyber-physical systems, automated processes, and smart machinery. It has emerged as a
cornerstone of global industrial transformation. However, technological renewal and structural modernization
are fundamentally contingent upon industrial enterprises’ active demand for technology. The effective
implementation of the strategic goals of Industry 4.0 is therefore closely associated with enterprises’ demand
for advanced digital solutions.
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The main objective of this study is to examine the formation of technology demand among enterprises
within the framework of Industry 4.0, evaluate the current extent of this demand in Uzbekistan’s industrial
sector, and formulate robust economic mechanisms for its stimulation based on empirical data covering the
2016-2025 period. Conceptually, technology demand is defined not merely as financial expenditure but as a
composite synthesis of three indispensable elements: an enterprise’s awareness of technological benefits, its
internal absorptive capacity to integrate technology, and its financial purchasing power.

LITERATURE REVIEW

The theoretical foundation of Industry 4.0 was conceptualized by Schwab (2016, Schwab K. The Fourth
Industrial Revolution. — Geneva: World Economic Forum, 172 p.), who distinguished the Fourth Industrial
Revolution from its predecessors through the qualitative fusion of physical, digital, and biological systems.
Schwab’s framework underpins this study’s premise that technological adaptation has become an essential
strategy for maintaining industrial competitiveness, particularly as technological advancement increasingly
shapes enterprises’ competitive positions.

Analyzing the macroeconomic implications of digitalization, Brynjolfsson and McAfee (2014, Brynjolfsson
E., McAfee A. The Second Machine Age: Work, Progress, and Prosperity in a Time of Birilliant Technologies. —
New York: W. W. Norton & Company, 306 p.) established, in their concept of the “Second Machine Age,” that
modern machinery performs cognitive functions alongside physical labor. They emphasized that digital growth
dividends are particularly significant for firms possessing the organizational readiness to adopt technology,
while firms with more limited technological readiness may encounter challenges in realizing these benefits. In
this research, their insights justify public incentive mechanisms as an important condition for capitalizing on
digital productivity growth.

The central role of innovation in economic growth traces back to Schumpeter’s (1934, Schumpeter J. A.
The Theory of Economic Development. — Cambridge, MA: Harvard University Press, 1934. — 255 p.) theory
of creative destruction, which demonstrates that economic development proceeds through the continuous
replacement of obsolete technologies with radical innovations. Schumpeterian theory positions technology
demand as a primary catalyst of structural transformation.

In developing economies, the underlying causes of relatively limited technology demand are thoroughly
addressed by Cirera and Maloney (2017, Cirera X., Maloney W. F. The Innovation Paradox: Developing-
Country Capabilities and the Unrealized Promise of Technological Catch-Up. — Washington, DC: World
Bank, 226 p. DOI: 10.1596/978-1-4648-1160-9) through the “Innovation Paradox.” They observed that,
despite the potentially high returns on technology investments, firms in emerging markets may invest at
comparatively modest levels due to limited absorptive capacity. This concept substantiates the argument
that stimulating technology demand requires a dual approach: reducing financial barriers and strengthening
internal technological capabilities.

Furthermore, Acemoglu and Restrepo (2018, Acemoglu D., Restrepo P. The Race between Man and
Machine: Implications of Technology for Growth, Factor Shares, and Employment || American Economic
Review. — Vol. 108, No. 6. — P. 1488-1542) analyzed the interplay between automation and labor, showing
that while technology automates routine tasks, it simultaneously creates complex new tasks associated with
higher productivity. Their framework supports the premise that, in Uzbekistan’s economic context, technological
upgrading should aim to augment labor productivity while facilitating the effective adaptation of the labor force
to technological change.

The systemic industrial impact of digital production technologies in developing economies was investigated
by Andreoni and Anzolin (2019, AndreoniA., Anzolin G. A Revolution in the Making? Challenges and Opportunities
of Digital Production Technologies for Developing Countries. — Vienna: UNIDO, 38 p.), who highlighted the
importance of strong network externalities. Their analysis demonstrates that technology demand incentives can
generate substantial effects when implemented across supply chains rather than solely at the level of individual
firms.

In the literature of the Commonwealth of Independent States (CIS), Bodrunov (2018, Noonomika
[Noonomics]. Kulturnaya Revolyutsiya. [in Russian], 432 p.) established knowledge and technology as core
drivers of the “noonomy” paradigm. Glazyev (2018, Ryvok v budushchee: Rossiya v novykh tekhnologicheskom
i mirokhozyaistvennom ukladakh [Leap into the Future: Russia in the New Technological and World Economic
Structures]. Knizhny Mir. [in Russian], 768 p.) demonstrated, in his theory of techno-economic paradigms,
that effective demand for new technologies is crucial during structural economic transitions. Keshelava (2017,
Vwvedenie v “Tsifrovuyu” ekonomiku [Introduction to the “Digital” Economy]. VNIIGeosistem. [in Russian], 28
p.) conceptualized the digital economy as real-time digital modeling of production, highlighting the digital
dimensions of technology demand, while Ivanov and Malinetsky (2017, Tsifrovaya ekonomika: mify, realnost,
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perspektiva [Digital Economy: Myths, Reality, Perspective]. Russian Academy of Sciences. [in Russian], 64 p.)
emphasized the importance of aligning digital modernization with institutional capacity.

National economic research in Uzbekistan provides crucial contextual grounding. Gulyamov et al. (2019,
Gulyamov S. S., Ayupov R. Kh., Abdullaev O. M., & Baltabaeva G. R. Raqamli iqtisodiyotda blokcheyn
texnologiyalari [Blockchain Technologies in the Digital Economy]. Moliya. [in Uzbek], 447 p.) systematically
analyzed the integration of digital technologies and blockchain into industrial workflows. Abdurakhmanov
(2019, Mehnat iqtisodiyoti: nazariya va amaliyot [Labor Economics: Theory and Practice] (Textbook). Fan va
Texnologiya. [in Uzbek], 592 p.) established the structural interdependence between technological renewal and
human capital development. Islamov (2022, Tsifrovaya ekonomika: vyzovy i vozmozhnosti dlya Uzbekistana
[Digital Economy: Challenges and Opportunities for Uzbekistan]. Institute for Economic Research under the
Ministry of Economic Development and Poverty Reduction of the Republic of Uzbekistan. [in Russian], 186 p.)
examined the strategic opportunities and structural challenges of the digital economy in Uzbekistan. Moreover,
foundational textbooks by Olmasov and Vakhobov (2014, Iqgtisodiyot nazariyasi [Economic Theory] (Textbook).
Igtisod-Moliya. [in Uzbek], 480 p.) and Shodmonov and Khojayev (2017, Igtisodiyot nazariyasi [Economic
Theory] (Textbook). Barkamol Fayz Media. [in Uzbek], 784 p.) position scientific and technological progress
as a primary driver of intensive economic growth. Together, these national studies reinforce the theoretical
framework of this research.

RESEARCH METHODOLOGY

This study relies on official statistical data published by the National Statistics Agency of Uzbekistan,
covering the period from 2016 to 2025. To evaluate technology demand comprehensively, three primary
quantitative indicators were selected: (1) capital investment per employee, (2) investment intensity
(the ratio of fixed investment to industrial output), and (3) the share of high-technology sectors in total
manufacturing output. Capital investment per employee serves as an indirect proxy for the volume of
technological demand, whereas the high-technology sector share measures the qualitative orientation of
technological adoption.

A core analytical innovation of this methodology is the conceptual dichotomy between gross technology
demand and qualitative technology demand. Gross demand reflects aggregate capital expenditure allocated
to machinery and equipment, whereas qualitative demand specifically captures investment directed toward
frontier, digital, and Industry 4.0 technologies. The analytical workflow involved evaluating investment dynamics,
contrasting aggregate expenditure with high-technology output trends, identifying structural discrepancies
between gross and qualitative demand, and categorizing policy incentive mechanisms based on their systemic
transmission channels.

ANALYSIS AND RESULTS

To assess technology demand within Uzbekistan’s industrial sector, the magnitude and trajectory of
capital investment were examined. Capital investment per worker provides a direct metric of firms’ readiness
to acquire physical and technological assets. Table 1 outlines the empirical trends of these key indicators over
the 2016-2025 period.

Table 1. Dynamics of Key Indicators Representing Technology Demand in Industry (2016-2025)*

Indicator 2016 2017 2018 2019 2020 2021 2022 2023 2024

Investment per

worker (million UZS) 6.0 7.7 16.1 31.6 35.0 31.9 41.6 57.7 88.6 94.5

Investment intensity

(%) 221 211 29.7 44.3 38.7 29.8 33.8 39.5 44.8 38.7
0

High-tech sector

o 17.8 23.0 29.2 26.9 244 23.0 25.2 26.1 23.5 20.7
share (%)

As detailed in Table 1, capital investment per employee experienced substantial growth, increasing from
6.0 million UZS in 2016 to 94.5 million UZS in 2025. This indicates significant growth in enterprises’ financial
capacity to fund capital goods. At the same time, the share of high-technology industries in industrial output

1 Source: Compiled by the author based on National Statistics Agency data.
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followed a different trajectory, peaking at 29.2% in 2018 before gradually declining to 20.7% by 2025. This
structural divergence provides an important empirical finding: while enterprise investment has increased
substantially, capital flows have predominantly financed conventional physical equipment within existing
technological paradigms rather than advanced Industry 4.0 innovations. Consequently, enterprises demonstrate
strong demand for standard machinery, while demand for frontier technologies has considerable potential for
further development.

This divergence reveals an important structural insight: while overall capital investment has expanded
rapidly, funds have been predominantly directed toward purchasing standard, conventional machinery and
expanding existing production capacity rather than acquiring advanced, transformative digital technologies.
Consequently, industrial enterprises exhibit strong demand for basic physical equipment, while demand for
advanced frontier technologies remains an important area for further development.

This distinction is vital for Industry 4.0 policy design. Acquiring basic machinery primarily supports traditional
manufacturing processes, whereas adopting advanced digital technologies fundamentally restructures
production paradigms. In Uzbekistan, capital formation has largely followed an extensive growth model. To
realize the potential of Industry 4.0, strategic policy should increasingly shift from supporting generic equipment
procurement toward explicitly stimulating demand for smart, high-tech systems.

100 +
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40 -+
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ol l

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Figure 1. Dynamics of Investment per Worker, 2016—2025 (million UZS)?

Figure 1 illustrates the steady upward growth in investment per worker, with accelerated momentum
observed after 2023. This trajectory confirms that industrial enterprises possess growing financial capacity for
capital expenditure. The key objective of policy intervention is therefore not merely to expand capital volume but
also to strategically redirect existing financial resources toward advanced Industry 4.0 solutions.

Two distinctforms are differentiated when measuring the demand for technology. Gross demandrepresents
total corporate investment in technology, whereas qualitative demand specifically reflects investment directed
toward advanced and digital technologies. These two indicators may diverge significantly: gross demand
can be high while qualitative demand remains relatively low, particularly when investments are primarily
allocated to conventional equipment. This pattern is observed in Uzbekistan’s industrial sector, where gross
technological investment has increased, while qualitative demand demonstrates substantial potential for
further growth. Therefore, efforts to stimulate technology demand should focus on enhancing its qualitative
composition rather than merely expanding its gross volume. While increasing gross volume is relatively
straightforward, it does not necessarily improve the quality of industrialization; conversely, enhancing the
qualitative composition requires more comprehensive measures, yet it is precisely this process that advances
the industry’s technological level.

2 Author’s work
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Figure 2. Dynamics of Investment Intensity and High-Tech Share, 2016-2025 (%)
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Figure 2. Dynamics of Investment Intensity and High-Tech Sector Share, 2016-2025 (%)3

Figure 2 clearly highlights the divergence between investment intensity and the share of high-technology
manufacturing. While investment intensity remained high, reaching 44.8% in 2024, the high-tech sector share
followed a downward trajectory. This indicates that the potential of capital investment to structurally upgrade
industrial output can be further strengthened, while positive feedback mechanisms between technology demand
and labor productivity provide opportunities for further development.

To evaluate structural interventions, policy instruments for stimulating technology demand are classified
into financial and institutional mechanisms, as detailed in Table 2.

Table 2. Classification and Impact Mechanisms of Technology Demand Incentives*

Incentive Instrument Impact Mechanism Primary Economic Outcome
Tax Incentives Reduces net tec:g;l:gy procurement Increases effective demand volume
Accelerated Depreciation Accelerates capital asset write-off Shortens technology renewal cycles
Tech Loans & Leasing Lowers initial financial entry barriers Broadens capital access for SMEs
Workforce Development Enhances firms’ absorptive capability Maximizes technology productivity
- . Creates market incentives for Sustains long-term technology
Competitive Environment L
modernization demand

As illustrated in Table 2, policy instruments function through two complementary avenues. Financial
instruments, including tax incentives, accelerated depreciation, and preferential leasing, lower acquisition costs.
Institutional instruments, including skills development and the promotion of a competitive market environment,
strengthen enterprises’ internal capacity to absorb and operate technologies efficiently. Financial tools make
technology more affordable, while institutional tools contribute to its productive utilization.

Institutional quality—including legal certainty, contract enforcement, and intellectual property rights (IPR)—
exerts an important indirect effect. A well-developed institutional environment encourages firms to undertake
long-term technological investments by strengthening confidence in intellectual property protection and asset
security. Further strengthening IPR protection and contract enforcement in Uzbekistan can therefore provide
an important foundation for stimulating technology demand.

3 Author’s work
4 Source: Developed by the author.
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Policy design should also account for firm size. Large state-owned enterprises generally possess greater
capital capacity, while strengthening market incentives, competitive exposure, and effective governance can
further encourage their technological modernization. Conversely, small and medium-sized enterprises (SMEs)
may face financial and technical constraints, making targeted subsidies, credit guarantees, and extension
services important mechanisms for supporting their technological development. Given that SMEs constitute
a substantial share of industrial entities, increasing their technology demand is important for strengthening
national competitiveness.

Crucially, fiscal incentives should be appropriately targeted. Broad-based tax credits may also support
expenditures on generic machinery; therefore, more targeted mechanisms can facilitate the efficient allocation of
capital toward advanced technologies. In particular, incentives could adopt a “super-deduction” model, allowing
enterprises to deduct 200% of expenditures on certified Industry 4.0 digital assets, automation systems, and
high-tech R&D from taxable corporate income. Such targeted incentives can reorient private investment toward
advanced technologies and facilitate the transition to Industry 4.0.

CONCLUSION AND RECOMMENDATIONS

The empirical analysis of Uzbekistan’s industrial sector over the 2016—2025 period reveals opportunities
for further improvement in the structural composition of technological modernization. Despite a substantial
increase in capital investment per employee, from 6.0 million UZS to 94.5 million UZS, the share of high-
technology industries in total manufacturing output changed from 29.2% to 20.7%. This indicates that capital
allocation has primarily supported the extensive procurement of conventional machinery, while the qualitative
adoption of advanced Industry 4.0 technologies retains considerable potential for further development.

To address this structural divergence and foster sustainable technology demand, the following economic
mechanisms are recommended:

* Targeted “Super-Deduction” Tax Mechanism: Implement fiscal policies allowing firms to deduct 200%
of capital expenditures on Industry 4.0 equipment, digital infrastructure, and industrial IoT from their corporate
profit tax bases.

* Absorptive Capacity Enhancement: Link state modernization subsidies directly to enterprise investments
in human capital, digital skills, and internal R&D capabilities.

* Pro-Competitive Market Reforms: Strengthen market competition and optimize tariffs on capital goods
to encourage enterprises to pursue technological modernization in response to market incentives.

* SME Technological Extension Services: Establish national technology transfer centers that provide
technical advisory services, co-financing, and preferential leasing opportunities for SMEs adopting smart
technologies.

* Institutional and IPR Enforcement: Strengthen intellectual property rights protection and commercial
contract enforcement to create favorable conditions for long-term private investment in technology.
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