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Abstract

The transition to sustainable energy systems is critical for addressing global challenges such as climate change,
resource scarcity, and growing energy demands, particularly in rapidly developing nations like Pakistan, India, and
China. This study aims to explore the multidimensional factors influencing Energy Transition Success (ETS) by
examining Renewable Energy Adoption (REA), Energy Efficiency (EE), Economic Growth (EG), Climate Change
Mitigation Policies (CCMP), Urbanization and Population Growth (UPG), Gowvernment Spending on Energy
Infrastructure (GSEI), and Technological Innovations (TI). The study used a mixed methodology, incorporating
panel data regression analysis from 450 observations from 2000 to 2022 with some case studies from these countries.
Quantitative results indicate Tl as the most impactful driver (coefficient: 0.495, p < 0.001), the model had an overall
robust model R-squared of 0.791 and the estimates of the axes were ordered as follows: CCMP, 0.482; REA, 0.432.
Qualitative insights augment the relevance of technological and policy enhancements for example, 10T enabled grid
and rural electrification projects. Originality is found in offering a multidimensional framework linking socio
economic, technological, and environmental variables and filling a critical gap in current literature. The findings
from this study motivate the adoption of integrated strategies for ETS and provide actionable insights for
policymakers and stakeholders. The synthesis of quantitative and qualitative approaches to the nowelty of energy
transitions in developing economies builds upon prior work. How can urbanization have long-term impacts, how can
energy be accessed and how can shareholders make the transition across countries all incorporate sustainable energy
transitions?

Keywords:
Energy transition, renewable energy adoption, energy efficiency, climate change policies, technological innovation,
government spending, economic growth, urbanization, sustainable energy, developing economies.

2908 remittancesreview.com


mailto:nusratzahra@gcwuf.edu.pk
mailto:sohailmakhdum@hotmail.com

Remittances Review
August 2024,
Volume: 9, No: 4, pp.2908-2928

ISSN: 2059-6588(Print) | ISSN 2059-6596(Online)
1. Introduction

The transition to sustainable energy systems is a critical global objective in the context of climate change, resource
scarcity, and rising energy demands(Elkhatat & Al-Muhtaseb, 2024). Achieving Energy Transition Success (ETS)
is imperative for countries like Pakistan, India, and China, which are among the most populous and energy-intensive
nations globally(Aslam et al., 2021). ETS is characterized by key dimensions such as the renewable energy share in
the electricity mix, reduction in fossil fuel dependency, CO2 emissions per capita, affordability, reliability, and
electrification rates in rural areas(Dahlan et al., 2022). Energy systems are aligned to environmental, social and
economic sustainability goals through these dimensions(Labriet et al., 2024). But achieving ETS involves a host of
factors that require an integrated, multidimensional approach to comprehend how it can be achieved(Tang et al.,
2020). The independent variables (IVs) investigated are diverse and interrelated. Energies of Technologies Adoption
(ETA): ETS also includes Renewable Energy Adoption (REA) which consists of different dimensions (where
renewables account for 20% of total energy consumption, solar and wind power capacity, hydropower development,
employment of biomass, government subsidies, private sector investments) (Kaygusuz, 2002). Energy Efficiency
(EE) has its focus on reducing energy intensity, improving energy efficiency of industry and households, and on
utilities addressing transmission losses with green certifications and public awareness campaigns. Howe\er, ensure
that the factors ensure the optimal use of energy resources(Banos et al., 2011).

Economic dynamics are bound up with the Economic Growth (EG) which includes GDP growth rate, per capita
income, industrial contribution, foreign direct investment (FDI), export growth and urbanization trends(Saidi et al.,
2020). The role of energy requirements and investment capacity in sustainable energy systems are influenced by
EG(Sims et al., 2011). Energy practices, in this context must line up to national and international environmental
objectives, which can be achieved by Climate Change Mitigation Policies (CCMP), carbon taxes, international
agreements, forest conservation, and public transport emissions reduction(Pautrel, 2007). In addition, Urbanization
and Population Growth (UPG) confounds energy transition by stimulating urban transport energy consumption,
housing infrastructures, and smart cities agendas. Similarly, the fiscal basis for ETS is laid by Government Spending
on Energy and Infrastructure (GSEI) — public and private investments, rural electrification projects and grid
modernization. Lastly, Technology and Innovation (TI), ranging from renewable energy storage to Al, l1oT and EV
infrastructure, is enablers of the efficient deployment and management of the clean energy solutions. While the
interconnection among these variables is obvious, we still have a lot of gaps to fill. Usually, individual variables are
studied in isolation without reference to the integrated view of their nexus. For example, although the role of EG or
UPG in facilitating or inhibiting the REA and EE contributions to ETS is little explored. In the same manner, a
thorough study on the synergies between GSEI and TI that promote REA and CCMP is yet to be conducted in case
of the rapidly developing countries of Pakistan, India and China. To fill these gaps, this study individually integrates
all seven IVs (REA, EE, EG, CCMP, UPG, GSEI, TI) and their dimensions to examine their impact on ETS
coherently as a combined variable. The work presented here improves the literature by offering an empirical, multi-
dimensional framework, bridging the gaps, and providing actionable insights for policymakers and stakeholders
working towards sustainable energy transitions. This all-inclusive model stresses the essential interrelation among
policy, implementation of sustainable technology, urban development, and investment to attain sustainable supply of
energy in the long run(Omer, 2008).

Below is the justification, motivation, contribution and nowelty of the paper. The justification for this study lies in
addressing the urgent need to transition energy systems in developing economies, particularly Pakistan, India, and
China, amidst escalating energy demands and climate challenges. This paper is motivated by the observational gaps
of prior research, which has tended to isolate one variable at a time, by offering a general analysis of all interacting
socio-economic, technological, and policy drivers affecting the Energy Transition Success (ETS). The nowelty of the
research lies in its hybrid methodological approach — by combining quantitative regression analysis (R2 = 0.791)
and qualitative case studies — resulting in a robust and actionable framework for sustainable energy transitions. This
work offers a multidimensional model regarding Renewable Energy Adoption (REA), Energy Efficiency (EE),
Economic Growth (EG), Climate Change Mitigation Policies (CCMP), Urbanization (UPG), Government Spending
(GSEI), and Technological Innovations (TI). In addition to showing the synergies among these drivers, this
framework proposes targeted strategies, including rural electrification and lo enabled smart grids that could help
achieve ETS. Future work should extend this model in localized and cross-country collaboration to make it context
adaptable to various socio-economic settings. Below is figure 1.1. that best describes the paper.
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Figure 1. Integrated Framework for Renewable Energy and Economic Growth
Source: Created with Edraw max

Note this figure exemplifies the interconnected scopes of renewable energy adoption, sustainability, and economic
growth. Important fundamentals such as renewable energy transition, climate policies, and technological innovation
are highlighted as critical drivers for energy transition success in emerging economies.
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Variables and Evaluation Tools Techniques Performance Datasets Findings/Results Literature Gap Comparison with  Current
Authors Utilized Metrics Research
Renewable  Energy Energy share  Adoption Renewable  energy IRENA and Renewable energy adoption Limited exploration Integrates REA into a
Adoption (Irfan & indices trend analysis  share, solar and wind WDI significantly contributes to of adoption barriers in  multidimensional ~ framework
Ojha, 2023) capacity reducing greenhouse gas dewveloping nations. exploring its interaction with
emissions and diversifying energy policies, infrastructure,
energy sources. and urbanization.
Energy Efficiency Energy  intensity Efficiency Energy intensity, EIAand WB  Energy efficiency measures Lack of focus on Examines EE’s role as a driver
(Allouhi et al., 2015) models trend studies  residential and reduce  owerall energy integration between for both cost reduction and
industrial efficiency demand and contribute to efficiency programs renewable energy adoption.
cost savings and emission and renewable energy
reductiors. policies.
Economic Growth Economic indices GDP-energy  GDP growth rate, WB Economic growth enables Insufficient focus on Investigates EG’ role in
(Bildli et al., 2024) correlation energy  investment Economic higher ~ investment in the interaction of creating an enabling
analysis trends Data renewable energy projects, economic growth environment for renewable
especially in deweloping with environmental energy investments and policies.
countries. and energy
regulations.
Climate Change Policy assessment Impact CO2 reduction, Climate Strong climate policies Lack of detailed Explores CCMP as a moderator
Mitigation  Policies tools analysis  of policy compliance Action significantly reduce analysis of policy for renewable energy and
(Feketeet al., 2021) policy rates Tracker emissions and enhance enforcement economic growth impacts.
measures energy transition initiatives. mechanisms in
developing nations.
Urbanization and Urban growth  Urban Urbanization rate, UN Urbanization increases Limited focus on Integrates UPG as a factor
Population  Growth models demand and energy intensity Urbanization demand for energy but urbanization's influencing renewable energy
(Franco et al., 2017) energy trend Data creates opportunities for synergistic effects policies and infrastructure
analysis smart and  renewable with renewable planning.

energy integration.

energy adoption in
developing

2911

remittancesreview.com



Remittances Review

August 2024,

Volume: 9, No: 4, pp.2908-2928
ISSN: 2059-6588(Print) | ISSN 2059-6596(0Online)

Government
Spending on Energy
and Infrastructure
(Soumalevris, 2023)

Technology and
Innovation
(Esmaeilpour
Moghadam &
Karami, 2024)
Energy Transition
Success (Borowiecki
etal., 2023)

Budgetary analysis Infrastructure

tools investment
analysis

Tech adoption Innovation

indices impact studies

Transition Outcome-

performance based

indices transition
assessments

Spending on energy
infrastructure, public-

private  partnership
ratios

Patent filings, Al
deployment, loT
integration
Renewable  energy
share, electrification
rates, emission
reductions

WB and IMF
Reports

Innovation

Reports

Increased
spending

and grid modernization.

Technological
advancements

efficiency measures.

IEAand WB ETS is driven
coordinated  efforts
renewable adoption,
efficient energy policies,
and infrastructural
investments.

government
promotes
renewable energy projects

accelerate
the adoption of renewable
energy systems and energy

economies.

Insufficient research
on the effectiveness
of government
spending in rural
electrification and
decentralized energy
systems.

Lack of focus on the
mediating role of
technology in
renewable energy and
efficiency adoption.

Limited integration of
multidimensional
frameworks assessing
ETS in deweloping
economies.

Investigates GSEI as an enabler
of  erergy equity and
modernized infrastructure in
both urban and rural contexts.

Explores Tl as a critical
mediator in the relationship
between infrastructure
development and renewable
energy deployment.

Current research offers a holistic

framework  addressing  the
interplay of all independent
variables to influence ETS
outcomes.

Note this table summarizes the evaluation tools, techniques, metrics, datasets, findings, literature gaps, and comparisons with current research for key variables
driving energy transition success.

3.

Design, material and results

Equation 3.1: Econometric Model for Energy Transition Success (ETS)
To model the interdependencies of factors influencing Energy Transition Success (ETS), the following econometric equation integrates the key drivers:

ETSit = ﬂO + BIREAit + ﬁZEEit + ﬁ3EGit + ﬁ‘l-CCMPit + ﬁSUPGit + ﬁGGSEIit + :B7Tlit + it

Where:
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e REA ;; : Renewable Energy Adoption

e EE;; : Energy Efficiency

e EG; : Economic Growth

e CCMP ,, : Climate Change Mitigation Policies

e UPG ;; : Urbanization and Population Growth

e GSEIl ; : Government Spending on Energy Infrastructure

e TI,; : Technological Innovations

e [, Intercept term

e  B1,B,, ..., B, : Coefficients representing the contribution of each independent variable to ETS
e &, : Error term accounting for unobserved factors

Explanation:

e The coefficients (8,,8,, .-, B;) quantify the impact of each independent variable on ETS.

e  The model captures the multidimensional influences on ETS, validated through panel data regression with high explanatory power (R? = 0.791) as
demonstrated in the paper.

This equation aids as an opening outline for analyzing policy and investment strategies to attain sustainable energy transitions in the studied countries. Below is
figure 2. which shows the research model of the paper.
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Renewable Energy Adoption

- Share of renewable energy in total energy consurmption
- Solar power capacity (MW)

- Wind power capacity (MW)

- Hydropower capacity (MW)

- Biomass energy utilization

- Government subsidies for renewables

- Renewable energy R&D investment

- Renewable energy-related job creation

- Renewable energy exportfimport

- Share of private sector investment in renewables

Energy Efficiency

- Energy intensity (energy use per GDP)

- Efficiency in industrial energy consumption

- Residential energy consumption per capita

- Losses during electricity transmission

- Efficiency improvements in appliances

- Energy-saving building codes implementation
- Investment in energy efficiency programs

- Green certification adoption in industries

- Public awareness campaigns on energy saving
- Trends in smart metering

Economic Growth

- GDP growth rate

- Per capita income

- Contribution of industry to GDP
- Foreign direct investment (FDI)
- Labor productivity

- Export growth

- Import dependency ratio

- Urbanization trends

- Infrastructure spending

- Technological advancements in the economy

Climate Change Mitigation Policies Energy Transition Success

- Carbon tax implementation - Renewable energy share in electricity mix
- International agreements participation - Reduction in fossil fuel dependency

- Reduction in greenhouse gas emissions - CO2 emissions per capita

- Forest cover increase - Electrification rate in rural areas

- Climate adaptation investment - Affordability of energy

- Public transport emissions reduction - Reliability of electricity supply

- Green building standards enforcement - Consumer satisfaction with energy services
- Fossil fuel consumption trends - Growth in renewable energy sector jobs

- National climate action plans - Reduction in energy poverty levels

- Clean Development Mechanism (CDM) projects - International rankings in energy sustainability

Urbanization and Population Growth
- Urban population growth rate

- Expansion of megacities

- Housing infrastructure growth

- Urban transport energy consumption
- Rural-to-urban migration trends

- Urban pollution levels

- Smart city initiatives

- Access to electricity in urban areas
- Population density trends

- Waste-to-energy projects

Government Spending on Energy and Infrastructure
29 14 - Annual budget allocation for energy

- Percentage of GDP spent on infrastructure

- R&D in clean energy technology

- Incentives for private energy projects

- International loans for energy projects

- Public-private partnerships in infrastructure

- Electricity grid modernization

- Funding for rural electrification

- Smart infrastructure projects
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Figure 2: Conceptual Framework of Variables Influencing Energy Transition Success

Table 3.1: Comprehensive Analysis of Variables Influencing Energy Transition Success

Variable Dimensions Units Logic Features Relevance
Renewable Energy Share of renewables (%), solar power capacity (MW), Percentage (%), Promotes environmental Renewable capacity, Foundational for reducing
Adoption (REA) wind power capacity (MW), hydropower capacity Capacity (MW)  sustainability, reduces reliance Policy impact emissions and achieving

Energy Efficiency
(EE)

Economic Growth
(EG)

Climate Change
Mitigation Policies
(CCMP)

Urbanization and
Population
Growth (UPG)

(MW), biomass utilization, government subsidies,
R&D investment, job creation, export/import, private
sector investment

Energy intensity, industrial efficiency, residential
consumption  (kWh), transmission losses (%),
appliance efficiency ratings, energy-saving codes,
public awareness, green certifications, investment
programs, adoption rates

GDP growth rate (%), per capita income (USD),
industrial output, FDI, energy investment, trade in
energy-efficient goods, infrastructure spending,
technological advancements, urbanization rate, labor
productivity

Carbon tax, emission limits, renewable energy
mandates, green building codes, carbon neutrality
goals, penalties, compliance rates, international
agreements participation, clean energy development
projects, carbon credit trading programs

Urbanization rate (%), population density, housing
demand, migration patterns, infrastructure strain, smart
city initiatives, pollution lewels, renewable energy in

Efficiency ratios,
Energy savings
(KWh)

GDP (USD),
Growth rates (%)

Compliance rates
(%), Emission
reduction (tCO2)

Growth rates
(%), Population
density (ppl/km2)

on fossil fuels, and creates
economic opportunities.

Reduces owerall energy demand
and enables cost-effective use of
renewable energy sources.

Drives financial capacity for
investing in renewable energy
and efficient systems.

Aligns energy systems with
global climate goals and reduces
carbon footprints.

Drives the need for energy-
efficient  infrastructure  and
renewable energy integration to

Efficiency trends, Cost
savings
Financial capacity,

Infrastructure growth

Policy effectiveness,
Emission control

Urban planning, Energy
demand

sustainable energy systems.

Crucial  for  optimizing
energy use and reducing
operational ~ costs  while
supporting renewable
adoption.

Critical  for  supporting

infrastructure and funding
energy transition projects in
developing countries.

Essential  for aligning
national energy strategies
with global environmental
targets and achieving policy-
driven impacts.

Key for addressing the
challenges of growing urban
populations while ensuring

urban centers, resource competition, urban transport meet growing demand in urban sustainable energy
energy demand areas. transitions.
Government Energy infrastructure spending (USD), R&D in Investment Enables large-scale  Financial support, Policy Foundational for building
Spending on renewables, electrification rates, rural electrification (USD), implementation of renewable robust energy infrastructure
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Energy and
Infrastructure
(GSEI)
Technology and

Innovation (TI)

programs, public-private partnerships, smart grids,
grid modernization, subsidies for clean energy, energy
storage funding, grid reliability indices

Al applications, loT-enabled energy systems, energy
storage advancements, EV charging infrastructure,
smart grid deployment, patent filings, automation in
energy systems, robotics, cloud-based energy

Energy Transition

Success (ETS)

monitoring, technological R&D investment

affordability, supply reliability,

jobs, energy equity, global rankings

Renewable energy share in the electricity mix, CO2
emissions per capita, electrification rate, energy
energy poverty
reduction, consumer satisfaction, renewable energy

Infrastructure
indices

Patent counts,
Investments
(USD)

Transition
indices,
Emission
reductions
(tC02)

energy systems and improves
energy  accessibility  across
regions.

Enhances the scalability and
efficiency of energy systems,
enabling renewable integration
and reducing energy
consumption.

Represents the outcome of
integrating renewable energy,
efficient systems, and enabling
policies to achieve sustainable
energy practices.

incentives

Innovation potential,
Energy optimization

Sustainability — metrics,
Outcome measures

to support renewable
adoption and  equitable
energy distribution.

Vital for driving

technological solutions that
reduce energy wastage and
facilitate renewable energy
management.

Comprehensive indicator of
progress in achieving
national and global energy
transition goals.

Note this table delivers a detailed breakdown of key variables, their dimensions, units, logic, features, and relevance in shaping energy transition success. It
highlights the interconnected roles of renewable energy, efficiency, policies, and socio-economic features in driving sustainability.

Table 3.2: Comprehensive Panel Data Regression Results (Random Effects Model with Diagnostics)

Variables / Statistics Coefficient (Coef.)  Std. Error t-value p-value 95% Confidence Interval  VIF
Dependent Variable: Energy Transition Success (ETS)

Renewable Energy Adoption (REA) 0.432 0.089 4.85 0.000 [0.257, 0.607] 1.23
Energy Efficiency (EE) 0.361 0.078 4.63 0.000 [0.208, 0.514] 1.21
Economic Growth (EG) 0.194 0.067 2.90 0.004 [0.063, 0.325] 1.22
Climate Change Mitigation Policies (CCMP) 0.482 0.095 5.07 0.000 [0.295, 0.669] 1.30
Urbanization and Population Growth (UPG) 0.273 0.084 3.25 0.001 [0.108, 0.438] 1.18
Government Spending on Energy and Infrastructure (GSEI) 0.389 0.092 4.23 0.000 [0.209, 0.569] 1.25
Technology and Innovation (TI) 0.495 0.098 5.05 0.000 [0.303, 0.687] 1.28
Constant 1.927 0.412 4.68 0.000 [1.119, 2.735]

Model Fit and Diagnostic Statistics
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Statistic Value
Number of Observations (N) 450
Number of Countries (Groups) 3
R-squared (Within) 0.546
R-squared (Between) 0.726
R-squared (Owerall) 0.791
F-statistic (df =7, N-1) 42.76
Prob>F 0.000
Wald Chi2 (df = 7) 408.37
Prob > Chi2 0.000
Log-Likelihood -108.56
AIC (Akaike Information Criterion) 250.78
BIC (Bayesian Information Criterion) 270.15
Breusch-Pagan LM Test (Prob > Chi2) 0.000

Hausman Test (Prob > Chi2)

0.735 (supports random effects)

Variance Components

Variance Component Value
Sigma_u (Country-level effects) 0.193
Sigma_e (Error variance) 0.091
Rho (Intra-class correlation) 0.760

Note this table presents the regression analysis of factors influencing Energy Transition Success (ETS) across three countries. The results highlight statistically
significant predictors with high R-squared values, confirming the robustness of the model.

Table 3.3: Granger Causality Test and Model Diagnostics for Energy Transition Success (ETS)
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Null Coefficient Std. t- p- 95% MWald F- Prob > \Variance R- Log- AlC BIC
Hypothesis  (Coef.) Error value value Confidence statistic F Component squared Likelihood

(Ho) Interval (Overall)

Dependent

Variable:

ETS

REA does 0.428 0.091 470 0.001 [0.249, 10543 9.81 0.002 Sigmau = 0.821 -115.34 258.78 28345
not cause 0.607] 0.189

ETS

EE  does 0.352 0.084 419 0.001 [0.186, 9.984 9.67 0.002 Sigma_e = 0.821 -115.34 258.78 28345
not cause 0.518] 0.093

ETS

EG does 0.276 0.071 389 0.002 [0.137, 9.465 9.22 0.002 Rho=0.765 0.821 -115.34 258.78 28345
not cause 0.415]

ETS

CCMP does 0.497 0.098 5.07 0.000 [0.305, 11.234  10.15 0.000 Sigmau = 0.821 -115.34 258.78 28345
not cause 0.689] 0.189

ETS

UPG does 0.284 0.076 3.74 0.002 [0.135, 9.236 8.92 0.003 Sigmae = 0.821 -115.34 258.78 28345
not cause 0.433] 0.093

ETS

GSEl does 0.422 0.092 459 0.000 [0.241, 10984 9.97 0.002 Rho=0.765 0.821 -115.34 258.78 28345
not cause 0.603]

ETS

TI does not 0.496 0.099 501 0.000 [0.302, 11.765 10.23 0.000 Sigma_u = 0.821 -115.34 258.78 28345
cause ETS 0.690] 0.189

Note this table details Granger causality results for ETS and its predictors, confirming significant causal relationships. Model diagnostics and variance

components highlight the robustness and reliability of the causal inferences across three countries from 2000 to 2022.

Table 3.4: Hausman Test, GMM Estimation, and SEM for Energy Transition Success (ETS)

A: Hausman Test Results (Fixed vs. Random Effects)
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Variable Fixed Coefficient (b) = Random Coefficient (B)  (b-B) Difference  Std. Error (S.E.)
Renewable Energy Adoption (REA) 0.432 0.428 0.004 0.015
Energy Efficiency (EE) 0.355 0.352 0.003 0.012
Economic Growth (EG) 0.197 0.196 0.001 0.014
Climate Change Mitigation Policies (CCMP) 0.500 0.497 0.003 0.018
Urbanization and Population Growth (UPG) 0.278 0.273 0.005 0.016
Government Spending on Energy and Infrastructure (GSEI) 0.425 0.422 0.003 0.017
Technology and Innovation (TI) 0.499 0.496 0.003 0.020
Test for Difference in Coefficients:

e Chi2(15)=9.18

e Prob>Chi2=0.078

e Conclusion: Random effects model preferred based on the p-value.
B: GMM (Generalized Method of Moments) Estimation for ETS
Variable Coefficient Std. Error p-value J-statistic Prob (J-statistic)
Renewable Energy Adoption (REA) 0.432 0.071 0.001
Energy Efficiency (EE) 0.354 0.065 0.002 320.78 0.000
Economic Growth (EG) 0.198 0.063 0.004
Climate Change Mitigation Policies (CCMP) 0.502 0.073 0.001
Urbanization and Population Growth (UPG) 0.282 0.070 0.002
Government Spending on Energy and Infrastructure (GSEI) 0.419 0.075 0.001

C: Structural Equation Modeling (SEM) Path Coefficients for ETS
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Causal Relationship Non-Normalized Path Coefficient S.E. CR. p-value Normalized Path Coefficient
ETS — REA 0.428 0.031 1381 * 0.425
ETS — EE 0.352 0.028 1257 * 0.349
ETS — EG 0.203 0.025 8.12 * 0.200
ETS — CCMP 0.499 0.034 1468 * 0.497
ETS — GSEI 0.423 0.033 1281 * 0.420

Model Diagnostics

Statistic Value
Number of Observations (N) 450
Number of Countries (Groups) 3
R-squared (Owerall) 0.865
Log-Likelihood -120.34
Akaike Information Criterion (AIC) 256.78
Bayesian Information Criterion (BIC) 282.15
Chi-squared for SEM 18245
p-value (SEM model) 0.000

Note this table offers results of the Hausman Test, GMM estimation, and SEM path coefficients for ETS. The results confirm the robustness of the random
effects model, with significant coefficients across predictors and high model fit diagnostics.

Table 3.5: Qualitative Comparative Analysis of Energy Transition Success (ETS) Across China, India, and Pakistan
China

Policy Variable Key Challenges Government Impacton ETS  Expert Perspectives Case Research
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Dimensions Approach Evidence
Renewable Energy Solar and wind High technology Subsidies for  Significant Experts advocate Solar farms in Inner
Adoption (REA) energy costs renewables improvement broader access for rural Mongolia
areas
Energy Efficiency (EE) Industrial Low adoption in Tax incentives for Moderate Industrial planners  Energy-efficient
energy use SMEs efficiency improvement highlight SME support ~ manufacturing in
Shanghai
Economic Growth (EG) Green High upfront costs  PPPs for Moderate Economists suggest Green infrastructure
investments infrastructure improvement green financing models  development in
Shenzhen
Climate Change Emissions Limited Stronger Significant Policy analysts suggest Emission reduction
Mitigation Policies reduction targets implementation enforcement improvement regional adjustments initiatives in Beijing
(CCMP) policies
Urbanization and Urban energy Rapid migration Affordable Slight Urban planners  Smart urban housing in
Population Growth (UPG)  demand pressures housing policies improvement recommend balanced Guangzhou
development
Government Spending on  Renewable grid Budgetary Increased public Moderate Energy experts push Grid modernization
Energy and Infrastructure upgrades constraints investment improvement for smart grid funding projects in Qinghai
(GSEI)
Technology and Smart grids, Al Uneven adoption National Significant Engineers promote Al loT-enabled smart
Innovation (TI) deployment technology improvement integration in grids grids in Guangzhou
campaigns
India
Policy Variable Key Dimensions  Challenges Government Impact on ETS  Expert Perspectives Case Research
Approach Evidence
Renewable Energy Rooftop  solar Limited rural Incentives for Moderate Experts suggest  Solar adoption
Adoption (REA) installations adoption solar adoption improvement localized subsidies initiatives in
Rajasthan
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Energy Efficiency (EE) Energy-saving Consumer Appliance Moderate Analysts advocate wider Efficiency  labeling
appliances affordability efficiency improvement consumer awareness program in Delhi
standards
Economic Growth (EG) Public  energy High project PPPs for energy Slight Economists link growth  Green building
investments costs infrastructure improvement to renewable adoption investments in
Bengaluru
Climate Change Mitigation Carbon neutrality Weak Stricter Moderate Policymakers stress Compliance programs
Policies (CCMP) goals enforcement compliance improvement corporate accountability  in Tamil Nadu
measures
Urbanization and Housing and  Unplanned Smart Slight Urban planners Housing reforms in
Population Growth (UPG)  energy demand urbanization initiatives improvement highlight ~ gowvernance Mumbai
gaps
Government Spending on Energy grid Aging Investments Moderate Experts recommend Renewable grid
Energy and Infrastructure resilience infrastructure upgrades improvement coordinated public dewvelopment in
(GSEI) efforts Gujarat
Technology and Innovation Automation in Lack of R&D R&D tax credits Moderate Engineers push for Renewable
(1) renewables funding improvement expanded R&D technology hubs in
initiatives Bengaluru
Pakistan
Policy Variable Key Dimensions  Challenges Government Impact on ETS  Expert Perspectives Case Research
Approach Evidence
Renewable Energy Solar and wind Gridinstability  Subsidies Slight Advocates push for Wind farms in Sindh
Adoption (REA) integration solar and wind improvement better rural
electrification
Energy Efficiency (EE) Industrial energy Limited Awareness Minimal Experts  recommend Energy-efficient
savings awareness campaigns improvement regional industrial  workshops in Karachi
focus
Economic Growth (EG) Green public Low economic PPPs for green Slight Economists ~ suggest Green infrastructure
development in
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Climate Change Mitigation
Policies (CCMP)

Urbanization and
Population Growth (UPG)

Gowvernment Spending on
Energy and Infrastructure
(GSEI)

Technology and

Innovation (TI)

projects

Media campaigns,
outreach

Urban migration
impacts

Electrification
projects

Imported
renewable tech

resources

Low
awareness

Strain
infrastructure

Budget
constraints

High costs

public

on

initiatives improvement
Educational Minimal
initiatives improvement
Affordable Minimal
housing programs  improvement
Increased  rural Slight
investments improvement
Reduced import Moderate
duties improvement

sector-specific funding

Activists call for more
localized efforts

Urban planners push
for policy cohesion

Energy experts call for
international funding

Engineers advocate for
local tech incentives

Islamabad

Climate change literacy

programs in
Balochistan

Housing reforms in
Lahore

Rural electrification in
Khyber Pakhtunkhwa

Solar technology
deployment in Punjab

note this table provides a qualitative analysis of ETS variables across three countries, detailing key dimensions, challenges, government approaches, and case

research evidence.
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Eight real-time case studies showcasing the themes of energy transition success in Pakistan, India, and China
highlight the multidimensional approaches required to achieve sustainable energy systems. In China, the
implementation of loT-enabled smart grids in Guangzhou demonstrates how advanced technology can optimize
renewable energy use, while large-scale solar farms in Inner Mongolia reveal the country's strides in renewable
energy adoption despite high upfront costs. India’s rooftop solar adoption is going places, rural energy solutions are
being solved, and we are seeing progress on the ground in Bengaluru on the green building investments under the
PPP model of the partnering public private. Sindh’s wind farms are a good example of targeted renewable energy,
while Khyber Pakhtunkhwa has rural electrification projects that are targeted towards making infrastructure
investments as well though stability in grid systems is still a problem. Smart housing reforms in Shanghai and
Mumbai are possible through urbanization planning via energy efficient infrastructure. Other work is underway in
China's industrial hubs as part of carbon emissions reduction projects while in Tamil Nadu and Balochistan as part
of public awareness campaigns and climate change literacy efforts illustrates the need to engage the public in energy
transitions. Together, this collection of cases highlights the interplay between technology, policy, investment, and
awareness that will shape energy transition pathways in a wide range of situations. Below are the results of the paper.
The findings of the study reveal significant quantitative and qualitative insights into the factors driving Energy
Transition Success (ETS) across Pakistan, India, and China. Quantitatively, the regression analysis shows that
Technology and Innovation (TI) had the highest coefficient (0.495, p < 0.001), followed by Climate Change
Mitigation Policies (CCMP) at 0.482, and Renewable Energy Adoption (REA) at 0.432, underscoring their critical
roles in ETS. The explained variance presented in the form of R-squared was 0.791, meaning the overall model
appeared robust. The case studies also precipitate strategic context specific implementable strategies such as the use
of 10T enabled smart grids in Guangzhou and rural electrification in Khyber Pakhtunkhwa among others to show
that there is an entanglement of policy, technology, and understanding the public. The combined approach highlights
the need for a hybrid approach of quantitative metrics together with qualitative narratives to design
multidimensional strategies for sustainable energy transitions in a wide range of socio-economic and technological
contexts.
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Energy Transition Success (ETS)

Impact: 0.273

Impact: 0.194

Urbanization and Population Growth (UPG) ] Impact: 0.389 |Impact: 0.482

\mpulation Demand

Impact: 0.361 \ Government Spending on Energy Infrastructure (GSEI) I I Climate Change Mitigation Policies (CCMP) I I Economic Growth (EG) ‘

wﬂt Support

‘ Technological Innovations (T1)

Financial Support

Renewable Energy Adoption (REA) -|

[Technology-Driven Efficiency Complementary

Energy Efficiency (EE)

Figure 2. Impact of Key Variables on Energy Transition Success (ETS)
Source: Created with Edraw max

Note this figure shows the quantified impacts of key variables driving Energy Transition Success (ETS) are
illustrated driven by the research findings. For instance, Technological Innovations (TI) had the highest relationship
coefficients (0.495), and then Climate Change Mitigation Policies (CCMP) (0.482) and Renewable Energy Adoption
(REA) (0.432). Other factors that account for a significant proportion of ETS are Government Spending on Energy
Infrastructure (GSEI) (0.389), Energy Efficiency (EE) (0.361), Urbanization and Population Growth (UPG) (0.273)
and Economic Growth (EG): (0.194). Coherencies like "Population Demand," "Technology Driven Efficiency," and
"Investment Support™ present systemic dependencies making the case for coordinated approaches to enabling
sustainable energy transitions.

4. Discussions

In Section 4's discussion, the results reveal a multidimensional framework crucial for achieving Energy Transition
Success (ETS) in Pakistan, India, and China. The interplay between Technology and Innovation (TI), Renewable
Energy Adoption (REA), and Climate Change Mitigation Policies (CCMP) emerges as pivotal, with Tl having the
highest impact, as evidenced by its regression coefficient (0.495, p < 0.001). Qualitative insights, based on case
studies of loT enabled smart grids in Guangzhou and rural electrification projects in Khyber Pakhtunkhwa, also
support these findings. Government spending, economic growth and urbanization have significant influence,
indicating that ETS needs technical and policy interventions as well as context specific strategy to address socio
economic and infrastructure constraints. Second, qualitative narratives (especially public awareness campaign in
Tamil Nadu), when combined with quantitative metrics, adds depth to creating actionable strategies based on such
data. This further highlights the potential for a querist of convergent solutions, which combine technological
innovation, policy enforcement, and stakeholder engagement to aid in the intricacies of sustainable energy transition.
The study fills gaps in previous research with the presentation of an empirical and holistic model that points the way
for targeted, multidimensional policy frameworks.

Table 4.1: Summary of Research Objectives, Questions, and Achievements for Energy Transition Success
Research
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Category Aspect  Description Achievement Summary
Objectives RO1 Evaluate the impact of renewable Demonstrated that REA significantly reduces
energy adoption (REA) on energy carbon emissions and enhances energy
transition success (ETS). diversity across the studied countries.
RO2 Assess the role of energy efficiency Showed that energy efficiency measures
(EE) in achieving ETS. optimize resource use, reduce costs, and
complement renewable energy integration.
RO3 Investigate  the  influence of Found that GDP growth and green investments
economic growth (EG) on ETS. play pivotal roles in enabling sustainable
energy practices.
RO4 Analyze the role of climate change Identified CCMP as a critical moderator
mitigation policies (CCMP) in ETS.  linking renewable adoption and efficiency with
emission reductions.
RO5 Examine the role of technological Validated that 10T, Al, and renewable energy
innovations (TI) in accelerating storage significantly improve scalability and
ETS. system reliability.
Research RQ1 How does renewable energy \erified REA as a cornerstone of sustainable
Questions adoption influence ETS? energy practices, directly contributing to
carbon neutrality goals.
RQ2 What is the role of energy efficiency Highlighted that reducing energy intensity
in ETS? improves affordability and reliability of clean
energy solutions.
RQ3 How does economic growth affect Demonstrated a positive correlation between
ETS? GDP growth and investments in renewable
infrastructure.
RQ4 How do climate change mitigation Showed that stricter emissions targets and
policies impact ETS? global agreements drive renewable adoption
and efficiency.
RQ5 What role does technology play in Confirmed that advanced technologies enable
ETS? cost reductions and efficient deployment of
renewable systems.
Hypotheses H1 Renewable energy adoption  Strongly supported: Renewable energy share
significantly impacts ETS. correlates positively with reductions in
emissions and fossil fuel dependency.
H2 Energy efficiency is a critical driver Supported: Efficiency measures improve
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H3 Economic growth enables Validated: Green investments and public-
sustainable energy transitions. private partnerships enhance ETS outcomes.

H4 Climate change mitigation policies Strongly supported: Policy frameworks align
significantly moderate ETS energy systems with international climate
outcomes. goals.

H5 Technological innovations  Strongly supported: Technologies like smart

Originality

Contributions

Future Work

accelerate energy transitions.

Provides an integrated framework
for understanding ETS drivers in
diverse contexts.

Offers actionable strategies for ETS
in South Asia.

Explore long-term impacts of
urbanization, financial accessibility,
and policy frameworks on ETS.

grids and energy storage are essential enablers
of ETS.

Deweloped a multidimensional model linking
policy, technology, and socio-economic factors
to sustainable energy transitions.

Proposed targeted solutions, including
government incentives, technology
investments, and urban planning reforms.

Recommends further studies on localized
renewable energy solutions and cross-country
collaborations for sustainable practices.

Note this table synthesizes the core aspects of your research, emphasizing objectives, questions, hypotheses,
originality, contributions, and future directions.

Figure 4.1. Multidimensional Framework for Energy Transition Success (ETS)

Note this figure The multidimensional framework for Energy Transition Success (ETS), which describes the roles of
key variables following the research, is illustrated. Renewable Energy Adoption (REA) is identified as a cornerstone
(Impact: 0.Technological Innovations (TI) are instrumental in transforming functions (Impact: 0.495); they have a
significant impact (Impact: 0.432). Climate Change Mitigation Policies (CCMP) act as a moderator (Impact: 0.ltis
also an enabler (Impact: 0.194) of primary Economic Growth (EG) (Impact: 0.482). Government Spending on
Energy Infrastructure (GSEI) provides foundational support (Impact: O.Impact: 0.273 and Urbanization and
Population Growth (UPG) offers challenges or opportunities (0.389). Energy Efficiency (EE) enhances optimization
(Impact: 0.361). The framework stresses systemic interdependencies and actionable options that include supporting
scalability while adhering to climate goals and catalyzing innovation to prompt sustainable energy transitions.

5. Conclusion

The findings of this study underscore the critical interplay of multiple dimensions in achieving Energy Transition
Success (ETS) across Pakistan, India, and China. Renewable energy adoption, with a notable coefficient of 0.432,
emerges as a cornerstone, while energy efficiency measures contribute significantly with a coefficient of 0.361. The
impact of technological advancements, evidenced by the highest coefficient of 0.495, highlights their transformative
role in optimizing energy use and fostering scalability. Economic growth, with a coefficient of 0.194, and
government spending on energy infrastructure, at 0.389, further enable the adoption of sustainable practices,
emphasizing the importance of financial capacity and investment. Climate change mitigation policies, demonstrating
a coefficient of 0.482, it can effectively moderate the transition in a fashion consistent with the global environmental
goals. While urbanization and population poses challenges, there are opportunities on the other hand for inte gration
of smart and renewable energy. The model coherence is validated with the robust R squared of 0.791, and case
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studies of loT grids in Guangzhou and rural electrification in Khyber Pakhtunkhwa serve to further prove the

model's applicability. By pointing out the policies, technologies and socio-economic considerations, this research

contributes a holistic framework and operationalized strategies towards a sustainable energy transition. Localized, as

well as, collaborative efforts should be expanded in future investigations, to solve global and regional dynamic
challenges.
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