JMEA Journal of Modern Educational Achieveme
Volume 6, 2026

REGIONAL ELECTRICITY INTENSITY  AND
DEVELOPMENT IN UZBEKISTAN: PANEL EVIDE
REGIONS
Najmiddinov Yahyo Fazliddin ugli
Senior Lecturer, Department of Green Economy and Sustainable Business,
Tashkent State University of Economics
ORCID: (0009-0004-0221-0121)
yakhonajmiddinov1996@gmail.com

Abstract: This study examines how regional electricity intensity is related to
industrial development across 12 regions of Uzbekistan during 2016-2025. Using
120 region-year observations from official open data, electricity intensity is
measured as electricity consumption relative to gross regional product. The analysis
shows a clear decline in the average intensity indicator, from 0.1966 in 2016 to
0.0452 in 2025. Panel regression results suggest that industrial output is negatively
associated with electricity intensity, while regional characteristics and common time
trends also play an important role. The findings indicate that improving electricity
efficiency requires region-specific policies, better-quality investment, industrial
modernization, and regular monitoring. Since regional data on industrial electricity
consumption are not fully available, the indicator is interpreted as a regional
electricity-intensity proxy rather than a direct measure of industrial energy intensity.
Keywords: electricity intensity, energy efficiency, industrial development, regional
panel data, fixed effects, investment intensity, industrial output, Uzbekistan

PET'MOHAJIBHASA JSJIEKTPOOHEPI'ETHYECKAS UHTEHCHUBHOCTD
N NPOMBIINIJIEHHOE PA3ZBUTHUE B Y3BEKUCTAHE: ITAHEJIBHBIE
JAHHBIE 110 12 OBJACTAM

Haxxmuaaunos SIxpé @a3auiuH yrijiu

Cmapwuii npenooasamens kageopvl « 3en1éHasi IKOHOMUKA U YCIMOUYUBLLU OUHECH,
PhD

QUIKEHMCKUL 20CY0apCMBEeHHbIl IKOHOMUUECKULL YHUBEpCUmem

D: (0009-0004-0221-0121)

iddinov1996@gmail.com

HoTamusi: J[aHHOE WHCClieJOBaHUE TMIOCBSILEHO aHajlu3y B3aWMOCBS3U
 pEeruoHajbHOM 3JIEKTPOIHEPTETUUECKOM WHTEHCHUBHOCTBHIO u
MPOMBIIUICHHBIM pa3BuTHEM B 12 obnactsax VY30ekuctana B 2016-2025 ropax.
OMnupuyeckas 6a3a Bkiovaet 120 HaOM0IeHUN «PEruoH—TO, CPOPMUPOBAHHBIX

Ha OCHOBE OQUIIMATIBHBIX OTKPBITBIX JAHHBIX. JIEKTPOIHEPTreTUYECKAs
WHTEHCUBHOCTh PAaCCUYMTHIBAETCS KaK OTHOIICHHWE TOTPEOJICHHS DJIEKTPOIHEPTUH K
< BAJIOBOMY pPErMOHAIBHOMY MPOAYKTY. Pe3yibTaThl MMOKa3bIBAIOT YCTOMYMBOE
. CHIWDKEHUE CpeaHero 3HaueHus aaHHoro mokazarens ¢ 0,1966 B 2016 romy mo
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0,0452 B 2025 rony. IlaHenbHbBINA pErpeCCUOHHBIN AHAJIN3 BBISBU

CBSI3b MEXAY 00HEMOM TMPOMBIIUICHHOTO MPOW3BOJCTBA U JJICK
WHTCHCUBHOCTBIO, TIPH 3TOM CYIIECTBEHHYIO POJb TaKkKe UTPaIOT
OCOOCHHOCTH W OOINMEe BPEMCHHBIC TEHICHIMH. IlloyueHHBIC peE3y
MOATBEPKIAIOT HEOOXOAUMOCTh JAU(HEePESHIMPOBAHHOTO PETHOHAIBHOTO MOAX0/a,
MOJICPHHU3AIIMN  TIPOMBIIUICHHOCTH, IIOBBIIICHUS KAadecTBAa WHBECTHUIMH M
CHUCTEMAaTHYCCKOTO MOHUTOPUHTA YHEPro-3¢)(eKTHBHOCTH. B CBSI3M ¢ OTCYTCTBHEM
NOJHOW WH(pOpPMAIMK O TOTPEOJICHUH OSJICKTPOIHEPTUH  HEMOCPEICTBEHHO
IIPOMBINIJICHHOCTBIO MOKa3aTellb pacCMaTPUBACTCA KaK PETMOHAIBHBIA WHIUKATOP
DIIEKTPOIHEPTETUYCCKOW HMHTCHCUBHOCTH, a HE KaK TMpsSMOM TOKa3aTenb
SHEPrOEMKOCTH MPOMBIITUICHHOCTH.

KiawueBble C€JI0Ba: 31eKmMpodHEpeemuyecKkds UHMeHCUBHOCb, IHeP2o-
appexmusHocms, npomvluLieHHOe pazeumue, NaHelbHble OaHHble, PUKCUPOBAHHbIE
appexmul, UHBECMUYUOHHASL UHMEHCUBHOCTb, NPOMbIULIEHHOE NPOU3BOOCMBO,
V36exucman

INTRODUCTION

Improving energy efficiency has become a central component of sustainable
industrial development because the amount of energy required to generate a unit of
economic output affects production costs, competitiveness, energy security, and the
environmental footprint of growth. For economies undergoing rapid industrial
expansion, the policy challenge is not simply to increase electricity supply, but to
ensure that industrial and regional output grows faster than the resources required to
support it. Energy intensity is therefore widely used as a summary indicator of the
relationship between economic activity and energy use, although its interpretation
depends critically on the definition of both energy input and economic output.

Uzbekistan provides a particularly relevant setting for such analysis. The
International Energy Agency notes that the country achieved a substantial reduction
in economy-wide energy intensity during the previous decade, while remaining
tively energy intensive by international standards. The IEA also identifies
and residential consumption among the major areas with significant
iciency potential and points to data-quality limitations as an important
on detailed sectoral analysis [7]. These conditions create a strong need for
reproducible regional indicators built from official open data and for empirical
approaches capable of distinguishing common national trends from persistent
territorial differences.

During 2016-2025, the regions of Uzbekistan experienced rapid changes in
gross regional product, industrial output, fixed-capital investment, population, and
electricity demand [1-6]. However, these variables evolved unevenly across
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territories. Navoi and Tashkent regions combine high industrial ¢
large electricity demand, whereas other regions display low:
consumption but different trajectories of output growth and inves
heterogeneity means that national averages alone can conceal important regi
patterns relevant to industrial modernisation and energy-efficiency management.

The central research problem is that region-level industrial electricity
consumption is not available as a complete open annual series for the 12 regions
over 2016-2025. Consequently, directly estimating industrial energy intensity as
industrial electricity consumption divided by real industrial output is not currently
feasible from a single consistent public source. To preserve empirical transparency,
this study constructs a regional electricity-intensity proxy using total subscriber
electricity consumption divided by GRP. Industrial output, investment intensity, and
population are then used to assess how the intensity indicator co-moves with
industrial and regional development. This distinction is methodologically important:
the indicator measures the electricity intensity of regional economic activity, not the
technical energy efficiency of industrial enterprises in isolation.

The article has four objectives. First, it constructs a balanced open-data panel
for 12 regions of Uzbekistan covering 2016-2025. Second, it measures the dynamics
and territorial differences of regional electricity intensity. Third, it estimates pooled
and fixed-effects panel specifications linking electricity intensity with industrial
output, investment intensity, and population. Fourth, it derives policy implications
for regionally differentiated industrial modernisation and electricity-efficiency
management. The study contributes to the national literature by demonstrating how
official open statistics can be organised into a reproducible panel framework while
explicitly separating descriptive association from causal inference.

LITERATURE REVIEW

The empirical literature generally treats energy intensity as the outcome of
several interacting forces: income growth, industrial structure, technological
ress, investment, urbanization, energy prices, and institutional conditions. A
Iag finding is that industrialization can increase energy intensity when the
of manufacturing and heavy industry raises energy demand faster than
hile technological upgrading and structural change can reduce intensity by
Improving productivity and shifting activity towards less energy-intensive
production.

Sadorsky [8], using heterogeneous panel methods for 76 developing
countries, found that higher income is associated with lower long-run energy
Intensity, whereas industrialization tends to raise it. This result is important for
Uzbekistan because regional industrial expansion can have two opposing effects, a
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scale effect that raises electricity demand and a productivity or mo
that lowers electricity use per unit of output. The net effect is the
question rather than an assumption.

Regional evidence from China reinforces the importance of spatial
structural heterogeneity. Guang et al. [9] show that the determinants of energy
intensity differ across the conditional distribution of regional intensity: economic
growth and foreign investment reduce intensity, while industrialization and
urbanization increase it in their provincial sample. Jiang, Folmer and Ji [10]
likewise report that the secondary-sector share raises energy intensity, whereas
capital deepening can reduce it. These findings justify the use of regional fixed
effects because unobserved industrial composition and resource endowment can be
persistent over time.

Investment is another important channel. Herrerias, Cuadros and Orts [11]
find that foreign and non-state investment contributes to declining energy intensity
across Chinese provinces, although the effect depends on investment ownership and
regional conditions. The implication is that the volume of investment alone is not
sufficient; investment quality and its technological content matter. This motivates
the use of fixed-capital investment intensity in the present study, while recognizing
that the variable cannot directly distinguish energy-saving investment from
capacity-expansion investment.

Technological progress and industrial organization also shape energy
outcomes. Huang, Du and Hao [12] identify technological progress as a factor that
can reduce energy intensity and show that industrialization explains part of high-
intensity outcomes. Ma and Yu [13], using city-level panel data, demonstrate that
internal industrial structure and energy-saving regulation are important for
explaining differences in aggregate energy intensity. Lin and Zhu [14] find dynamic
relationships between industrial structure, urbanization, energy intensity and carbon
intensity, highlighting that the effect of structural upgrading can evolve over time.

More recent work emphasizes nonlinear structural effects. Luan et al. [15]
ind that industrial structure optimization can reduce energy intensity, while
sion of highly energy-intensive industries can work in the opposite direction.
Liu [16] further demonstrate that energy productivity and structural
ation have heterogeneous effects across provincial regions. Together, these
studies support a panel framework in which regional heterogeneity and time-specific
common shocks are explicitly controlled.

The literature also suggests an important interpretive caution. Energy
Intensity is not identical to engineering energy efficiency. It can decline because of
technological improvements, structural change, price effects, output composition, or
nominal valuation of the denominator. In the Uzbekistan dataset used here, GRP and
industrial output are reported in current prices. The empirical strategy therefore
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includes year effects and a separate time-trend specification to
nominal and macroeconomic movements. The resulting coeffici
as conditional statistical associations rather than causal estimates.

RESEARCH METHODOLOGY

The empirical analysis uses a balanced regional panel covering 12 regions of
Uzbekistan - Andijan, Bukhara, Jizzakh, Kashkadarya, Navoi, Namangan,
Samarkand, Surkhandarya, Syrdarya, Tashkent region, Fergana and Khorezm - over
2016-2025. The Republic of Karakalpakstan and Tashkent City are excluded
because the research scope is restricted to the 12 regions. This produces 120 region-
year observations.

The database is compiled from the SIAT open-data system of the National
Statistics Committee of the Republic of Uzbekistan. GRP is taken from the annual
regional product series [1], industrial output from the annual industrial production
series for 2016-2024 [2], electricity consumption from the subscriber electricity-
consumption series [3], permanent population from regional demographic statistics
[4], and fixed-capital investment from the investment series [5]. For 2025, annual
industrial output is reconstructed from the official December per-capita industrial-
output indicator and the average of the beginning- and end-period permanent
population [4,6]. This reconstructed value is treated transparently as an author
calculation. A robustness model is therefore also estimated for 2016-2024,
excluding the reconstructed 2025 industrial-output observation.

The dependent variable is regional electricity intensity (EI), calculated as total
subscriber electricity consumption divided by GRP. Because electricity
consumption is reported in million kWh and GRP in billion soums, the numerical
ratio can be interpreted as kWh per 1,000 soums of GRP. The variable is used in
logarithmic form in the regression analysis to reduce skewness and facilitate
proportional interpretation.
consumptionit

GRPit
he first explanatory variable is industrial output (IND), measured in billion

d transformed into natural logarithms. The second is investment intensity
), calculated as fixed-capital investment divided by GRP and multiplied by
100. The third is permanent population (POP), measured in thousand persons and
entered In logarithmic form. Investment intensity captures the relative scale of
capital formation, while the population variable controls for regional demand and
scale. The primary panel specification is:

In(Elit) = By + B1 In(INDit) + B, INVINTit + B3 In(POPit) + mui
+ lambdat + epsilonit

Elit = Electricity
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where 1 denotes region, t denotes year, mu; captures time-i
characteristics, lambd, captures common year effects, an
idiosyncratic disturbance. Four specifications are reported:
heteroskedasticity-robust standard errors, a region fixed-effects model, a
fixed-effects model with both regional and year effects, and a region fixed-effects
model with a linear time trend. For fixed-effects estimates, standard errors are
clustered at the regional level. This approach follows the broader panel-data logic
used in the literature on regional energy intensity [9-16].

Pairwise correlations among the regressors are modest, and variance-inflation
factors for In(industrial output), investment intensity and In(population) are
approximately 1.08-1.10, indicating no material multicollinearity problem in the
baseline specification. The analysis focuses on association rather than causality.
Potential endogeneity may remain because investment, industrial activity and
electricity intensity can be jointly determined, and the available open data do not
provide suitable instruments for a causal identification strategy.

Table 1
Variables, measurement and data sources
Variable | Definition Measuremer_mt J Role Source
transformation
Regional ,
. t
In(EI) |electricity |In (Electricityconsump o Dependent aé}-
intensity GRP ’
Industrial | Natural log of industrial SIAT
I output production, bln UZS SRR [2,6]
Investment . . investment SIAT
INVINT intensity Fixedcapital i 100 | Explanatory [1,5]
In(POP) Perman_ent Natural_ log of permanent Control SIAT
population | population, thousand persons [4]
TREND INEET e 0 for 20186, ..., 9 for 2025 Robustness/trend Slinr
trend work

NALYSIS AND RESULTS

descriptive evidence indicates a pronounced decline in the regional
-intensity proxy over the observation period. The unweighted average
across the 12 regions fell from 0.1966 in 2016 to 0.1614 in 2017. After a temporary
Increase to 0.1657 in 2018, the indicator declined to 0.1099 in 2019, 0.0947 in 2020
and 0.0830 in 2021. By 2023 it had fallen to 0.0628, and by 2025 it reached 0.0452.
Relative to 2016, the 2025 average is approximately 77.0% lower. This is a strong
descriptive trend, but it should not be interpreted mechanically as a 77% engineering
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efficiency gain because the GRP denominator Is measured in curr
indicator also reflects structural and valuation changes.

At the same time, the 12-region aggregate of nomina
increased markedly, from about UZS 80.2 trillion in 2016 to more
trillion in 2024; the 2025 value derived from official per-capita industrial out
population information is approximately UZS 846.6 trillion. Electricity consumption
increased much more moderately over most of the period, from 39.0 billion kWh
across the 12 regions in 2016 to 57.1 billion kWh in 2024 before declining to 53.8
billion kwWh in 2025. This divergence between the growth of nominal economic
output and electricity demand is the immediate arithmetic source of the downward
electricity-intensity trend.

Table 2

Descriptive statistics of the main variables, 2016-2025

Variable N Mean 2;[:/ Minimum | Maximum
Electricity intensity (EI) 120 | 0.1051 | 0.0693 |0.0350 0.5412
In(industrial output) 120 | 9.7989 |1.0327 |7.6015 12.1819
Investment intensity, % 120 | 31.8639 | 13.5342 | 11.7484 | 75.4586
In(permanent population) 120 | 7.7103 |0.4935 |6.6728 8.3658

The variation in El is substantial, the maximum observation (0.5412) is
recorded for Navoi region in 2016, whereas the minimum (0.0350) is recorded for
Khorezm in 2025. The simple pairwise correlation between EIl and In(industrial
output) is -0.369; the correlations with investment intensity and In(population) are -
0.218 and -0.212, respectively. These correlations provide an initial indication of
negative co-movement, but they do not control for persistent regional characteristics
or common time shocks.
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Average regional electricity intensity across 12 regions, 2016-2025
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Figure 1. Average regional electricity intensity across 12 regions, 2016-2025
Figure 1 confirms that the decline is broad and persistent rather than confined

to a single year. The sharpest breaks occur after 2018, although the exact year-to-

year path is influenced by volatility in electricity consumption and nominal GRP.

The persistence of the downward trajectory motivates the inclusion of explicit year

effects and a time-trend specification in the econometric analysis.

Table 3

Panel regression results: determinants of In(regional electricity intensity)

: (1) Pooled | (2) Region|(3) Two- |(4) Region FE
Variable OLS FE way FE + trend
In(Industrial output) -0.2259*** | -0.5315*** | -0.3941* -0.3603

(0.0352) (0.1974) (0.2327) (0.2313)
Investment intensity -0.0077** 0.0042 0.0045 0.0046
(0.0031) (0.0034) (0.0031) (0.0033)
In(Population) -0.0931 -1.3292 3.2485 3.0549
(0.1066) (2.0337) (2.3935) (2.2222)
. -0.1269**
inear trend (0.0566)
fixed effects No Yes Yes Yes
No No Yes Trend
120 120 120 120
0.295 0.884 0.915 0.893
Adjusted R-squared 0.277 0.868 0.894 0.878

Source: Author estimates. Standard errors are shown in parentheses. Pooled
OLS uses HC3 robust standard errors; FE models use region-clustered standard
errors. *** p<0.01, ** p<0.05, * p<0.10.

The pooled OLS results show a negative and statistically significant

association between industrial output and electricity intensity. The coefficient on
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In(industrial output) is -0.2259 (p<0.01), implying that, in the pool
and time-series variation, a 1% increase in nominal industrial
with approximately a 0.23% lower electricity-intensity proxy,
included variables constant. Investment intensity is also negative and sta
significant in the pooled model a one-percentage-point increase in the investment-
to-GRP ratio is associated with about a 0.77% lower El in log terms. Population is
not statistically significant.

The region fixed-effects model substantially increases explanatory power (R-
squared = 0.884) and retains a negative coefficient on industrial output (-0.5315,
p<0.01). This result indicates that, within a region over time, higher industrial
output is associated with lower regional electricity intensity after controlling for
time-invariant regional characteristics. However, the investment coefficient changes
sign and becomes statistically insignificant, suggesting that the simple negative
pooled relationship partly reflects cross-regional differences in investment structure
and development level rather than a stable within-region effect.

The two-way fixed-effects model adds year effects to control for common
macroeconomic, price, policy and system-wide factors. Its R-squared reaches 0.915.
The coefficient on industrial output remains negative (-0.3941) but is significant
only at the 10% level, while investment intensity and population are not statistically
significant. This weakening is substantively informative: much of the observed
decline in electricity intensity is common across regions and therefore absorbed by
year effects. The results imply that national time dynamics and persistent regional
characteristics together account for a large share of the variation.

The region fixed-effects model with a linear time trend provides a
complementary interpretation. The time-trend coefficient is -0.1269 (p=0.0249),
corresponding to an average conditional decline of roughly 11.9% per year in the
logged electricity-intensity proxy. Once this common trend is included, the
individual structural coefficients are no longer statistically significant at
conventional levels. Thus, the evidence is consistent with a broad economy-wide
ecline in regional electricity intensity combined with substantial territorial
eneity, rather than a single dominant explanatory factor operating uniformly
regions.
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Figure 2. Regional differences in mean electricity intensity, 2016-2025

Regional averages reveal marked heterogeneity. Navoi records the highest
mean intensity over the period (0.1886), followed by Kashkadarya (0.1269) and
Tashkent region (0.1234). The lowest averages are observed in Khorezm (0.0650),
Samarkand (0.0789) and Andijan (0.0793). These rankings should be interpreted as
a regional economic-electricity intensity comparison rather than a direct ranking of
industrial technical efficiency. Navoi, for example, has a resource- and industry-
intensive production structure, while regional GRP composition and the coverage of
subscriber electricity consumption differ across territories.

Table 4

Robustness check excluding reconstructed 2025 industrial output (2016-2024)

Variable Coefficient Clustered std. error | p-value
In(Industrial -0.3683 0.2249 0.1014
0.0040 0.0027 0.1433
lation) 3.6585 2.6073 0.1606
fixed | Yes - -
effects
| Year fixed effects | Yes - -
Observations 108 - -
R-squared 0.904 - -
Adjusted R-10.879 - -
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squared

The 2016-2024 robustness specification produces the same qua
as the full sample. The industrial-output coefficient remains negative (-0.
investment intensity remains positive but statistically insignificant, and population
remains statistically insignificant. The R-squared is 0.904. The close similarity
between the full-sample and 2016-2024 estimates indicates that the main
conclusions are not driven by the reconstruction of the 2025 industrial-output value.
Overall, the empirical evidence suggests three broad conclusions. First, regional
electricity intensity has declined substantially across Uzbekistan's 12 regions during
2016-2025. Second, industrial-output expansion is negatively associated with
intensity in simpler and region fixed-effects specifications, but its independent
statistical significance weakens once common year effects are controlled. Third,
investment intensity by itself does not display a stable within-region coefficient,
which supports the view that the composition and technological direction of
investment may matter more than the aggregate investment ratio. These conclusions
are consistent with international findings that energy intensity reflects a combination
of structural, technological, investment and regional effects rather than a single
determinant [8-16].

CONCLUSION AND RECOMMENDATIONS

This study developed an open-data panel framework for assessing regional
electricity intensity and industrial development across 12 regions of Uzbekistan over
2016-2025. The principal descriptive result is a substantial reduction in the average
electricity-intensity proxy, from 0.1966 in 2016 to 0.0452 in 2025. At the same
time, regional industrial output and fixed-capital investment expanded considerably,
while electricity consumption grew more moderately and remained volatile across
individual years and territories.

The econometric results confirm that regional heterogeneity is central to the
lysis. Pooled OLS identifies significant negative associations of industrial output
stment intensity with electricity intensity. The region fixed-effects
ion retains a significant negative industrial-output coefficient, whereas the
fixed-effects specification indicates that common time shocks and national
trends absorb much of the explanatory power of individual covariates. A separate
fixed-effects specification with a linear trend identifies a statistically significant
downward trend, while the 2016-2024 robustness model produces qualitatively
similar coefficients to the full sample.
The results have several practical implications. First, regional energy-efficiency
policy should be differentiated rather than based solely on national averages.
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Regions with persistently high electricity intensity, particularly th
and heavy-industry concentration, require deeper energy
modernization, digital metering and enterprise-level energy-mana
Second, investment policy should place greater emphasis on the technologi
energy-saving content of capital expenditure. The absence of a stable coefficient for
aggregate investment intensity suggests that increasing investment volumes alone is
not sufficient to guarantee lower electricity intensity. Third, regional monitoring
systems should integrate electricity consumption, industrial production, investment
and output indicators in a single analytical framework so that changes in energy
productivity can be identified earlier and linked to management decisions.

Fourth, the statistical infrastructure should be strengthened by publishing region-by-
industry electricity consumption and, where possible, physical or constant-price
industrial output measures. Such data would make it possible to estimate true
industrial electricity intensity and separate technical efficiency from changes in
prices and economic structure. Fifth, future research should combine enterprise-
level energy data with financial, technological and management indicators. This
would support causal and micro econometric analyses of how energy-management
systems, financing mechanisms, digital monitoring, and investment in energy-saving
technologies affect industrial energy performance.

The main methodological limitation is that the dependent variable is a regional
electricity-intensity proxy rather than a sector-specific industrial energy-intensity
measure. Moreover, GRP and industrial output are reported in current prices, so
common inflation and valuation effects may contribute to the downward ratio. Year
effects and robustness checks reduce but do not fully eliminate this limitation.
Therefore, the findings should be interpreted as evidence of regional statistical
association and structural dynamics, not as a causal estimate of technical energy-
efficiency improvements.
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