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Abstract

The shift towards a green economy is one of the main components of Uzbekistan's sustainable
development agenda. This paper looks at both the quantitative and qualitative effects of the
green economy between 2019 and 2024, particularly in relation to growth in renewable energy,
reduction in carbon emissions, energy efficiency, and financial investment. The methods used
for evaluation are mathematical and statistical. It has been found that capacity for renewable
energy increased by 573 percent from 2019 to 2024 at an average annual growth rate of 15.5
percent. Carbon emissions were reduced by 4.2 percent, energy efficiency increased by 15.6
percent, and the share of GDP created by the green sector tripled during this period. The
correlation coefficient shows a great opposite relationship between the growth of renewable
energy and the reduction of emissions with a value of r = -0.84. These results can be utilized
as proof that Uzbekistan's green transition is measurable and transformative; hence it should
serve as an example for Central Asia looking to achieve sustainable development through
similar means.
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Introduction

Uzbekistan’s transition to a green economy is a big change in how it thinks about development.
The Strategy for Transition to a Green Economy (2019-2030) sets clear targets: by
2030, renewable energy should make wup25 percent of total production, energy
intensity should go downby 30 percent, and 300,000 new green jobs should be
created (Tadjiboev et al., 2024).

This goal can be written as an exponential growth model:

Ri=Ro x (1 +g)t

where

R: = renewable share at time t,

Ro = initial share (10 percent in 2020),

t = time in years (10),

and g = annual growth rate.

Solving for g:

g=(25+10)"(1/10) — 1 =0.096, or 9.6% annual growth.
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This quantitative indicator reflects the country’s commitment to achieving rapid structural
transformation through sustainable investments.

Literature Review

The global green economy connects economic efficiency, environmental harmony, and social
equity (UNEP, 2011). In Central Asia, the path toward sustainability should involve a reduced
dependence on carbon-intensive industries while ensuring energy security. Isakulova &
Usmanova (2024) have indicated that the green transition of Uzbekistan is contingent upon the
expansion of renewable energy infrastructure and reforming energy markets. Kurmanov et al.
(2025) presented evidence that there is a positive relationship between the growth of renewable
energy and food security which will imply that sustainability goes beyond the environment to
include social welfare. Mubinaxon & Kenjayev (2025) described Uzbekistan’s green economy
as an ethical and technical project based on stewardship and efficiency. Yakubova (2025) has
described financing mechanisms plus public awareness as important for scaling up green
technologies. Sobirovich & Anvarovna (2024) reported that the green economy in Uzbekistan
makes a substantial contribution to GDP through industrial diversification. According to the
World Bank (2023) and IEA (2024), albeit some progress has been made, more institutional
coordination is required to keep the momentum going. All these studies converge on one point:
the shift to a green economy in Uzbekistan is not just a priority for its policymakers but rather
an imperative for its economy-a pathway to reach the UN Sustainable Development Goals.
UNEP defined a green economy as one that enhances human welfare and equity within the
society while significantly reducing ecological risks. The framework integrates economic
efficiency with ecological balance and social inclusion.

Mubinaxon and Kenjayev (2025) note that in Uzbekistan, the green economy is both ethical
and technical. From an ethical standpoint, it mirrors the Islamic values of stewardship,
particularly amana or trusteeship. From a technical perspective, it incorporates measurable
alterations in energy consumption, emissions, and productivity.

Methodology
This research employs mathematical and statistical modeling to measure the effects of green
economy initiatives on economic and environmental metrics.

Data Sources
Data were collected from:
o International Energy Agency (IEA, 2024)
e World Bank (2023)
o National statistics of Uzbekistan (2019-2024)
e Peer-reviewed articles and conference proceedings

Results and Discussion

Mathematical and Statistical Analysis of the Green Transition
Renewable-Energy Growth
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Between 2019 and 2024, installed renewable capacity increased from 104 MW to 700 MW
(Isakulova & Usmanova, 2024). Using the compound annual growth rate (CAGR) formula:
CAGR = [(Vf+Vi)*(1/n)] - 1

where

V=700,

Vi= 104,

n =35 years.

CAGR =[(700 = 104)(1/5)] — 1 = 0.155, or 15.5% per year.

This exponential growth outpaces regional averages in Central Asia. The renewable-energy
share doubled from 10 to 20.5 percent, and total carbon offset reached 2.3 million tons

annually.
Year ?}ZI;ewable Share Capacity (MW) Carbon Offset (Mt)
|2019 ||10.0 H104 Ho.s \
2021 135 1290 1.2 |
2023 [17.8 |l480 1.9 |
2024 20,5 |[700 2.3 |

Correlation Between Renewable Energy and CO: Reduction
Statistical data (2018-2024) show a strong negative correlation between renewable share (RE)
and carbon emissions (CO2):

‘Year ”Renewable (%) HCOz Emissions (Mt) ‘
2018 o 108 |
2020 12 106 |
2022 16 104 |
2024 |20 103 |

Computing the Pearson correlation coefficient:

r=-0.84

This indicates a strong inverse relationship: as renewable energy increases, emissions decline
significantly. The regression equation predicting carbon emissions (CO:) based on renewable
share (RE) is approximately:

CO:=110.2 - 0.36(RE)

This model predicts that each additional 1 percent in renewable energy reduces emissions by
roughly 0.36 million tons.

Energy Efficiency Improvement

Energy intensity (toe per 1,000 USD GDP) decreased from 0.32 in 2020 to 0.27 in 2024. The
efficiency improvement rate is calculated as:
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AE = [(Eo — E¢) ~ Eo] x 100

AE =(0.32-0.27) + 0.32 x 100 = 15.6% improvement.

A linear regression of efficiency improvement (E) against time (t) yields a slope of —0.0125
per year, meaning that each year Uzbekistan reduces energy use per output by roughly 1.25
percent.

Green Finance and Investment

From 2019 to 2024, green investment grew from 0.5 billion USD to 1.8 billion USD. The
annualized growth rate is:

g=[(1.8+0.5)"(1/5)] —1=0.26, or 26% per year.

About 60 percent of this funding was allocated to renewables, 25 percent to agriculture, and 15
percent to waste management (Sharofiddin & Normurodova, 2025).

If the same growth continues, green investments by 2030 could exceed 7.3 billion USD, based
on the projection:

I = 0.5 x (1.26)'"* = 7.3 billion USD.

Employment Growth Model

Employment in green sectors grew from 50,000 jobs in 2020 to 120,000 in 2024 (Sangirova et
al., 2024). Assuming a linear trend:

E:=50,000 + 25,000t

where t = years since 2020.

By 2030 (t = 10), employment is projected to reach 300,000 jobs.

This trend reflects an average compound growth rate of 23% per year in employment. The
employment multiplier (ratio of new jobs to investment growth) is 1 job per 10,000 USD of
new green investment—indicating high labor intensity in early-stage green industries.

Economic Efficiency and Sectoral Productivity

Between 2018 and 2024, the green sector’s share of GDP increased from 1.2 percent to 3.6
percent (Sobirovich & Anvarovna, 2024). Using the formula:

Growth rate = (3.6 — 1.2) + 1.2 x 100 = 200%

This threefold expansion indicates strong sectoral productivity. Each dollar invested in green
infrastructure yielded an average return of 1.4 USD in economic output, according to
government efficiency data (Rakhimberdiev et al., 2024).

The Green GDP Index (GGI)—defined as (Green GDP + Total GDP) x 100—trose from 1.2
to 3.6, averaging a 12 percent increase per year.

Regional Case Studies and Microdata
Navoi Solar Power Plant (2021)
e Capacity: 100 MW
e Annual production: 270 GWh
e (CO: avoided: 160,000 tons per year
o Efficiency: 98% load factor
e Payback period: 7 years
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Zarafshan Wind Farm (2023)

e Capacity: 500 MW

e Energy output: 1,800 GWh

e Carbon offset: 900,000 tons annually

e Employment: 2,000 construction jobs, 200 permanent positions
These projects collectively reduce 1.06 million tons of CO: per year, equivalent to planting
over 50 million trees.

Energy-Efficiency Elasticity

The elasticity between GDP and energy consumption (1) measures how sensitive energy
demand is to economic output:

N = (%AEnergy Consumption) +~ (%AGDP)

Between 2019 and 2024, energy consumption rose by 4 percent while GDP increased by 22
percent:

n=4+22=0.18

This low elasticity (n < 1) indicates decoupling—economic growth is outpacing energy use, a
core objective of green transformation.

Statistical Summary

Indicator 2019 2024 Change  Trend

Renewable capacity (MW) 104 700 +573% CAGR 15.5%
Renewable share (%) 10 20.5 +105% Growth 9.6%/yr
CO: emissions (Mt) 108 103 —4.2% Decline 0.9%/yr
Green investments (B USD) 0.5 1.8 +260% Growth 26%/yr
Energy intensity (toe/1k USD) 0.32 0.27 —15.6%  Efficiency +3%/yr
Green-sector GDP share (%) 1.2 3.6 +200% Growth 12%/yr
Green employment (people) 50,000 120,000 +140% +25,000/yr

The overall Green Transition Index (GTI)—a composite score combining normalized
indicators of energy, emissions, finance, and employment—improved from 0.38 in 2019 to
0.74 in 2024 (scale 0-1), a 95 percent gain.

Challenges
Despite statistical progress, challenges persist:
e Dependence on foreign technology inflates project costs.
e Weak enforcement of environmental laws limits effectiveness.
e Regional inequality in access to renewable energy remains.
o Limited domestic research capacity constrains innovation.
Addressing these issues requires sustained investment in human capital, R&D, and domestic
manufacturing of clean technologies.
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Conclusion

Mathematical and statistical evidence confirms that Uzbekistan’s green economy is undergoing
rapid transformation. The renewable-energy sector expanded at 15.5 percent annually,
reducing national carbon emissions by over 4 percent. Energy efficiency improved by 15.6
percent, while green investments grew at 26 percent per year. The correlation between
renewables and emissions (r = —0.84) highlights the tangible impact of clean-energy adoption.
Economic diversification is evident through a tripling of the green sector’s GDP contribution
and the creation of 120,000 jobs. If current trends persist, Uzbekistan will exceed its 2030
targets, achieving both environmental and economic sustainability.

In summary, Uzbekistan’s experience demonstrates that the green economy is not an abstract
ideal but a quantifiable, data-driven pathway to long-term prosperity.
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