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Abstract: This study develops an integrated framework for improving the efficiency of fixed capital
through physical modernization, digital monitoring and innovation-oriented investment in
Uzbekistan. It combines the latest available annual national investment data with the January—June
2026 release and internationally documented productivity constraints. The analysis distinguishes
fixed-capital investment flows from gross fixed capital formation and enterprise-level capital stocks.
A multidimensional diagnostic table and an editable SmartArt-style implementation model connect
baseline assessment, project selection, digital execution, workforce capabilities and post-investment
evaluation. The study argues that capital spending alone is an inadequate measure of modernization
success: enterprise-level evidence on asset utilization, downtime, output per unit of capital and
energy intensity is required. The proposed mechanisms are testable managerial recommendations
rather than empirically established causal effects.

Keywords: Fixed capital, modernization, digital transformation, innovation, capital productivity,
investment appraisal, Uzbekistan, asset management.

1. Introduction

Fixed capital underpins industrial capacity, service reliability and long-term
productivity. Nevertheless, the accumulation of machinery, buildings and infrastructure
does not automatically translate into a proportionate increase in output. Equipment may
remain underutilized, technology may be mismatched with production processes, and
maintenance practices may constrain the expected return on investment. The key
management problem is therefore not only how to attract investment but how to convert
investment into measurable efficiency improvements.

For Uzbekistan, this question is particularly relevant amid sustained investment
growth and a policy emphasis on private-sector productivity. The National Statistics
Committee reported UZS 591.1 trillion in investment in fixed capital for 2025 in its January
2026 release, corresponding to real growth of 10.5% over 2024 [1]. The official national
accounts series separately reported gross fixed capital formation of UZS 629,130.7 billion
for 2025 [2]. These measures arise from different statistical frameworks and should not be
treated as interchangeable.

The objective of this article is to identify practical mechanisms by which
modernization, digitalization and innovation can improve the utilization of fixed capital,
and to specify indicators that would allow enterprises to evaluate the results. The focus is
on industrial and infrastructure-intensive enterprises in Uzbekistan, while the proposed
framework may be adapted to other capital-intensive sectors.
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2. Materials and Methods

The study applies descriptive statistical analysis, conceptual synthesis and a process-
oriented management framework. National-level indicators were collected from the
National Statistics Committee’s 2025 investment release, its annual SIAT gross fixed capital
formation series, and the January—June 2026 investment release [3]. Structural constraints
and digital-investment considerations were reviewed using World Bank, IFC and OECD
assessments [4,5]. The latest completed calendar year is 2025; the first half of 2026 is
presented only as a separate, shorter observation period.

Three analytical distinctions guide interpretation. First, investment in fixed capital is
a flow of expenditure and is not the same as the book value or productive capacity of an
enterprise’s installed fixed assets. Second, nominal investment values cannot establish real
capital productivity because they reflect price and composition effects. Third, a
macroeconomic association between investment and growth does not prove that an
individual modernization project caused higher efficiency.

At enterprise level, the recommended indicators are fixed-asset turnover (net sales
divided by average net fixed assets), output per machine-hour, overall equipment
effectiveness (availability x performance x quality), energy consumption per unit of
output, unplanned downtime, maintenance cost per operating hour, and investment net
present value. These measures require verified plant-level records that are not available in
the cited national statistical releases.

3. Results
Latest investment evidence and interpretation

In the 2025 annual release, investment in fixed capital reached UZS 591.1 trillion and
increased by 10.5% in real terms compared with 2024 [6]. A subsequently updated SIAT
annual series reports UZS 603,558.8 billion for 2025 and UZS 507,490.2 billion for 2024 [7].
The difference between the January release and the later SIAT series demonstrates the
importance of recording publication dates and revisions instead of silently combining
vintages.

The separate gross fixed capital formation series reports UZS 541,964.7 billion in 2024
and UZS 629,130.7 billion in 2025, both in current prices [8]. Their nominal year-on-year
increase is approximately 16.1%, which must not be interpreted as a real productivity
improvement. In January—June 2026, investment in fixed capital was UZS 338.9 trillion,
17.5% higher in real terms than the corresponding 2025 period [9]. This half-year
observation is not directly comparable to a full-year total.

The World Bank’s 2025 Country Economic Memorandum emphasizes that
Uzbekistan’s growth model has relied heavily on capital investment and that faster total
factor productivity growth is necessary [10]. The OECD also identifies opportunities to
shift digital investment toward higher-value technologies, including advanced industrial
applications [11]. These findings support a transition from expenditure-based
modernization targets to performance-based investment governance.

Integrated diagnostic and intervention matrix

Table 1. Integrated fixed-capital efficiency matrix. Source: author’s framework
based on proposed indicators and mechanisms, not observed enterprise outcomes.

Expected
Efficiency Diagnostic metric / Modernization / . . pe
. . Evaluation design mechanism (not
bottleneck baseline digital lever
measured effect)
OEE; downtime Condition sensors, 12-month pre/post
Ageing machinery; . . pre/p Higher availability
. hours; repair cost / predictive data; comparable
unstable operation . L and fewer
hour maintenance, production lines
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replacement stoppages
Production
Actual / rated M tput f
Low asset loading; c . al /rate scheduling, digital =~ Monthly utilization ore ,0 u Pt rﬂ)m
capacity; output / the existing capital

capacity mismatch

machine-hour

twins, bottleneck

by equipment class

base

removal
Effici i
_ kWh / unit; scrap icient drives, Normalize by .

High energy and o process . Lower unit costs

L ) %; resource cost / . product mix and
material intensity ) automation, real- and reduced waste

unit . . throughput
time metering
NPV, IRR, . . .

. Portfolio ranking; Ex-ante forecast Capital allocated to

Weak investment payback; . .
. D stage-gate capital versus ex-post higher-value
selection sensifivity to budgetin, realized cash flow rojects
demand geting Pro)
Operat
. Digital adoption; perator Controlled pilot Improved process
Skills and - upskilling, R&D o
. . defects; training ! . then phased scale- stability and
innovation gap partnerships, pilot .
hours up learning

lines

Source: Developed by the author based on 1SO (2024), Muchiri and Pintelon (2008), Tao et
al. (2019), OECD (2018), and World Bank (2020). The proposed mechanisms represent conceptual
recommendations rather than empirically measured effects.

Table 1 links each efficiency problem to an observable operational metric, a targeted

intervention and a defensible evaluation method. This distinction is essential because

replacing an old machine may increase capacity without improving the utilization of the

entire production system. Similarly, digital monitoring is valuable only when sensor

information is integrated into maintenance scheduling, production decisions and

managerial accountability.

The matrix suggests that an effective modernization portfolio should combine

relatively inexpensive operational measures with carefully selected capital expenditure.

For example, better scheduling and preventive maintenance may release unused capacity

before a firm commits to purchasing additional machinery. Conversely, if technical
diagnostics show irreparable obsolescence, targeted equipment renewal may be justified.

Improving Fixed Capital Efficiency
through Modernization, Digitalization and Innovation
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Figure 1. An Integrated Five-Stage Mechanism for Improving Fixed Capital
Efficiency through Modernization, Digitalization and Innovation

Source: Developed by the author based on ISO 55000:2024, Muchiri and Pintelon (2008),
Tao et al. (2019), and OECD (2018).

Figure 1 illustrates an integrated five-stage mechanism for improving fixed capital
efficiency through modernization, digitalization and innovation. The first stage involves
assessing the existing condition of fixed assets and identifying major efficiency bottlenecks
using indicators such as overall equipment effectiveness (OEE), capacity utilization and
operating costs. The second stage focuses on modernizing production facilities by
replacing obsolete machinery and introducing advanced technologies to improve
equipment reliability and production capacity. The third stage emphasizes digitalization
and automation through real-time monitoring, predictive maintenance and data-driven
production management. The fourth stage integrates technological innovation, workforce
development and cooperation with research institutions to strengthen enterprises'
innovative capabilities. The final stage evaluates the effectiveness of implemented
measures by comparing performance indicators with baseline values and identifying
opportunities for further improvement.

The proposed mechanism emphasizes the interdependence of technological
modernization, digital transformation and human capital development. Its cyclical
structure supports continuous improvement by incorporating evaluation results into
subsequent investment and management decisions. Consequently, the framework
provides a systematic approach to improving fixed capital utilization, reducing
operational inefficiencies and strengthening long-term enterprise competitiveness.
However, the proposed outcomes are theoretical expectations and require empirical
validation using enterprise-level data.

4. Discussion

The findings indicate that Uzbekistan’s expanding capital-investment base creates
opportunities for industrial upgrading, but macroeconomic spending statistics do not
establish the effectiveness of installed assets. The World Bank identifies productivity,
competition and infrastructure quality as major determinants of future growth [12]. The
IFC’s 2026 private-sector diagnostic likewise highlights constraints affecting private
investment and skills [13]. These sources reinforce the need for enterprise-level governance
and workforce capabilities alongside investment finance.

The proposed framework contributes a measurable bridge between three frequently
separated policy areas: physical modernization, digital transformation and innovation
management. Physical modernization addresses equipment condition and process
constraints; digitalization improves the observability and coordination of asset use;
innovation changes products, methods and organizational routines. Their
complementarity should be tested through pilot projects rather than assumed[14,15].

Scientific novelty of the study. The article proposes an integrated five-stage, KPI-
linked mechanism that treats fixed-capital efficiency as a verifiable operational outcome
rather than a proxy inferred from investment volume. Its distinguishing features are a
common asset-level baseline, joint financial and technical prioritization, digitally enabled
implementation, human-capital integration and independent post-investment validation.

Practical recommendations. Enterprises should maintain a standardized digital asset
register, implement critical-machine condition monitoring, evaluate modernization
proposals using risk-adjusted capital budgeting, establish cross-functional innovation
teams and publish internal performance dashboards. Public support programs could
require beneficiaries to report utilization, energy intensity and productivity before and
after modernization while protecting commercially sensitive information.
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5. Conclusion

Investment in fixed capital in Uzbekistan remained substantial: the National
Statistics Committee’s initial 2025 release reported UZS 591.1 trillion, while the first half of
2026 recorded UZS 3389 trillion. These figures indicate investment activity, not
automatically the efficiency of fixed assets. Distinguishing expenditure flows from asset
stocks and operational productivity is therefore central to sound analysis.

Improving fixed-capital efficiency requires a coordinated mechanism linking
technical diagnostics, investment appraisal, equipment and process modernization, digital
monitoring, employee skills and evidence-based evaluation. The proposed diagnostic
matrix and five-stage implementation model provide a practical structure for this process.
Future research should test the framework using enterprise-level panel data and matched
pilot projects, with outcomes measured through OEE, asset turnover, downtime, energy
intensity and realized cash flows.
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