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Abstract

Electricity demand in Asia has grown substantially over the past three decades, creating a persistent imbalance
between supply and consumption. This study analyzes long-term trends in the electricity supply-demand gap
from 1993 to 2022 and develops forecasting models to support energy management and policy planning
through 2052. Using quantitative time series methods, two scenarios are generated: Business as Usual (BAU)
and Additional Efforts. The analysis shows that electricity demand will continue to rise across both scenarios,
driven by industrial expansion and rapid urbanization. Although policy interventions and technological
improvements help moderate growth, they are not sufficient to fully offset future demand pressures. The study
underscores the importance of accelerating renewable energy deployment, improving energy efficiency, and
strengthening transmission infrastructure. A short-term increase in efficiency-oriented efforts is essential for
stabilizing the regional energy system. The findings provide actionable insights for policymakers and energy
managers, offering an evidence-based foundation for designing sustainable electricity strategies that address
Asia’s growing energy needs.
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INTRODUCTION

Electricity plays a central role in economic productivity, technological development, and
societal well-being (Ayaviri-Nina et al., 2024; Marcus & Okezie, 2017). Global energy systems
remain heavily dependent on fossil-based sources, while electricity demand continues to rise
across both developed and developing regions (Phiri & Sesoai, 2024; Ibrahim et al., 2023). Earlier
studies also emphasize that long-term demand growth is structurally driven by population
expansion, industrialization, and increasing digitalization, reinforcing the strategic importance of
the power sector in national development (Aditya et al., 2016; Bafios et al., 2011). At the same time,
fluctuations in primary energy supply and fossil-fuel volatility intensify systemic vulnerabilities,
particularly for countries with limited domestic reserves (Caillé et al.,, 2007; Maklad, 2014).

Asia represents the fastest-growing region in global electricity consumption, accounting for
nearly half of total global demand. Industrial transformation, rapid urbanization, and increasing
electrification have contributed to a persistent imbalance between electricity supply and
consumption, with production growth consistently lagging behind demand (Enerdata, 2024; BP
Energy Outlook, 2023). These conditions exacerbate pressure on energy security and raise
concerns regarding the sustainability of fossil-based electricity systems, as highlighted in studies
addressing environmental impacts and long-term supply-demand stability (Andre & Edler, 2015;
Grimaldo-Guerrero et al,, 2021).
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Three major streams of literature shape the intellectual foundation of this study. First,
electricity demand forecasting research—using time-series, econometric, and hybrid
computational models—has produced short-term or national-level projections (Jiotsop-Foze et al.,
2024; Romadhoni & Akhmad, 2020). However, such studies rarely extend to long-term regional
scenarios, limiting their relevance for macro-level planning in Asia. Second, research on supply-
demand dynamics highlights structural imbalances and infrastructure constraints (Sharifzadeh et
al, 2017; Adi et al.,, 2024), yet these analyses predominantly discuss global trends without region-
specific quantitative modeling. Third, policy-oriented studies emphasize renewable integration,
energy efficiency, and system optimization, but they often lack empirical forecasting that evaluates
the long-term implications of policy interventions.

This body of literature reveals a clear research gap: despite Asia’s critical importance to
global energy systems, there is a lack of comprehensive, scenario-based long-term projections that
integrate historical supply-demand trends with policy-driven forecasting. No prior study has
systematically synthesized three decades of supply-demand evolution while projecting electricity
needs under alternative policy scenarios through 2052. This gap limits the ability of scholars and
policymakers to anticipate future pressures and design evidence-based strategies.

In response, this study addresses two research questions: (1) How has the electricity supply-
demand balance in Asia evolved from 1993 to 20227 And (2) What will Asia’s electricity demand
look like under Business-as-Usual and Additional-Efforts policy scenarios through 20527
Theoretically, this study advances the literature by integrating long-horizon forecasting with
policy-scenario modeling within a regional Asian context, an area that remains underexplored.
Practically, the findings provide actionable insights for policymakers, energy managers, and
infrastructure planners, offering an evidence-based foundation for developing sustainable
electricity strategies, improving energy efficiency, and strengthening regional energy security.

LITERATURE REVIEW

Energy is fundamentally defined as the capacity to perform work, manifested in forms such
as heat, light, mechanical, chemical, or electromagnetic energy (Twidell & Weir, 2005; Guney &
Tepe, 2017). Energy sources encompass all natural or processed materials capable of producing
usable power, and they play a crucial role in individual well-being and national development (Ludin
et al, 2018; Kardooni et al., 2016). In production activities, higher output levels typically require
higher energy consumption, reinforcing the essential role of energy in economic expansion
(Qurbani & Rafiqi, 2022; Rudenko & Tanasov, 2020; Yandri et al., 2018).

Electrical energy—classified as secondary energy—is produced through the conversion of
primary energy sources and transmitted through charged particles known as electrons (Mitali et
al,, 2022; Zhao et al, 2022). It is fundamental to modern economic and social development,
powering industries, households, and public infrastructure (Prasetyowati et al., 2021; Zohuri,
2021). Electric power systems consist of interconnected components, including generation,
transmission, distribution, and load management, all of which work together to ensure a reliable
supply (Mthethwa et al., 2023).

Ensuring equitable and reliable access to electricity requires development guided by the
principles of availability, acceptability, and affordability. Governments also prioritize increasing
electrification in remote or underserved areas using regionally available renewable resources such
as water, wind, and solar energy (Raheem et al,, 2016; Strielkowski et al., 2021). Energy supply
systems rely on a mix of non-renewable sources—such as petroleum, natural gas, coal, and nuclear
energy (Phiri & Sesoai, 2024; Rizzi et al.,, 2014; Vine, 2008; Manish et al., 2006; Jie et al,, 2021)—
and renewable resources including solar, wind, hydro, geothermal, and biomass energy (Ang et al,,
2022; Bandoc et al., 2018; Kurniawan et al., 2024; Bassey, 2023; Akuru et al.,, 2017). As global
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priorities shift toward sustainable development, renewable energy plays an increasingly central
role in addressing long-term energy needs while minimizing environmental impacts (Agbakwuru
etal,, 2024; Al-Shammre, 2024).

Electricity Demand and Economic Growth

Electricity demand is widely recognized as a core indicator of economic progress because it
reflects production activity, industrial expansion, technological evolution, and rising household
welfare. Numerous studies show that GDP growth, manufacturing output, and urbanization
significantly heighten electricity consumption, although the intensity of this relationship varies
across development stages and regions (Grimaldo-Guerrero et al., 2021; Adi et al, 2024). In
developing economies—particularly in Asia—electricity usage responds strongly to structural
changes linked to industrial diversification, digital transformation, and population growth. This
makes the region highly sensitive to economic cycles and policy shifts affecting energy
infrastructure and investment.

Empirical evidence also reveals that electricity demand often exhibits bidirectional causality
with economic growth, where increased consumption stimulates economic activity while rising
production amplifies energy needs (Ayaviri-Nina et al., 2024; Aditya et al., 2016). However, some
studies identify asymmetric patterns: electricity demand surges significantly during expansion
periods but declines only moderately during contraction phases, reflecting structural rigidity and
high reliance on electricity-intensive sectors (Romadhoni & Akhmad, 2020). These dynamics
underscore that long-term electricity demand in Asia is deeply embedded within its broader
transition toward industrial competitiveness and higher living standards.

Furthermore, the literature shows that electricity demand is strongly influenced by policy
environments, energy pricing, and renewable energy acceptance (Kardooni et al., 2016; Qurbani &
Rafiqi, 2022). As energy systems evolve to support digital economies and the electrification of
mobility, the link between electricity demand and economic performance becomes increasingly
robust. This reinforces the importance of long-term demand forecasting to anticipate infrastructure
needs, minimize supply insecurity, and support sustainable growth trajectories.

Forecasting Models for Electricity Demand

Electricity demand forecasting has undergone a significant methodological transformation,
moving from traditional statistical models to hybrid and machine-learning-based techniques.
Classical models such as ARIMA, SARIMA, exponential smoothing, and time-trend regression
remain widely used due to their reliability in capturing linear trends and seasonal patterns,
particularly when historical data are stable and long-term (Gujarati & Porter, 2020; Andrae & Edler,
2015). Econometric models—including VAR and VECM—extend these capabilities by integrating
macroeconomic variables such as GDP, industrial output, and household consumption, allowing
researchers to capture co-movements between economic indicators and electricity demand.

The past decade has seen rapid advances in machine learning and deep learning models,
which are increasingly applied for medium- and long-term forecasting in emerging economies.
Techniques such as Random Forest, Gradient Boosting, CNN-QR-RTCF, and LSTM networks
demonstrate strong performance in modeling nonlinear patterns, structural breaks, and high-
frequency fluctuations (Jiotsop-Foze et al, 2024; Ibrahim et al, 2023). Hybrid forecasting
systems—combining statistical and machine learning components—have also shown enhanced
accuracy, reflecting the growing complexity of electricity systems in regions undergoing economic
transformation.

As forecasting methods evolve, the literature emphasizes the importance of aligning model
selection with data availability, forecasting horizons, and policy objectives (Bafios et al., 2011; Qazi
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etal,, 2019). In the context of accelerating renewable penetration, changing consumption behavior,
and growing digitalization, advanced forecasting frameworks provide critical insights for policy
formulation, resource planning, and energy security management.

Scenario Analysis and BAU Modelling

Scenario analysis is an essential tool for long-term electricity planning because it
accommodates uncertainty surrounding demographic trends, technological innovation, economic
shifts, and policy interventions. The Business-as-Usual (BAU) scenario extends historical electricity
consumption trends under the assumption of unchanged policies and structural conditions
(Alqurni & Hadiyanto, 2023). BAU projections are particularly useful in developing regions where
electricity demand has historically risen in parallel with population growth, industrialization, and
expanding urban centers.

Policy scenarios contrast with BAU by incorporating interventions such as renewable energy
deployment, energy diversification, efficiency improvements, and grid modernization. Analytical
frameworks such as LEAP, TIMES, and system dynamics modelling are widely used to simulate
these alternative futures and evaluate their implications for energy security, emissions reduction,
infrastructure adequacy, and investment strategy (Caillé et al., 2007; Nadia, 2017). These models
help policymakers understand how different strategies may reshape long-term electricity
requirements.

Recent studies emphasize the importance of integrating statistical forecasting with scenario-
based simulations to improve policy relevance (Sharifzadeh et al., 2017; Strielkowski et al., 2021).
The combination of BAU and policy scenarios enables a more comprehensive understanding of how
economic, technological, and regulatory dynamics influence electricity demand, thus supporting
evidence-based decision-making, risk assessment, and sustainable energy planning.

Supply-Demand Gap Research

Supply-demand equilibrium research highlights persistent challenges in ensuring that
electricity generation capacity keeps pace with rising consumption. Supply adequacy depends on
factors such as generation mix, reserve margins, transmission reliability, and access to primary
energy inputs (Kang et al., 2018; Maklad, 2014). In many developing economies, supply deficits
emerge when infrastructure investment lags behind rapid industrialization, population growth, and
increasing electrification.

Studies conducted in Asia and Africa show that BAU demand trajectories often widen supply-
demand gaps, especially in energy systems heavily reliant on fossil fuels and facing constraints in
refining capacity, fuel import dependence, and environmental regulations (Redaputri, 2023;
Ibrahim et al., 2023). Volatile fossil fuel prices further exacerbate these vulnerabilities by raising
production costs and creating uncertainty in long-term planning (Adi et al., 2024; Phiri & Sesoai,
2024).

Scenario-based research demonstrates that renewable energy integration, energy efficiency
improvements, and modernization of transmission and distribution networks can significantly
reduce projected supply gaps (Raheem et al.,, 2016; Agbakwuru et al,, 2024). Nevertheless, the
effectiveness of these strategies requires substantial investment, policy consistency, and strong
institutional capacity. Long-term forecasting thus plays a critical role in identifying future deficits
and guiding the strategic expansion of electricity infrastructure.

Asia-Specific Energy Policy Literature
Asia is the world’s fastest-growing region in electricity consumption, driven by industrial
expansion, increasing urban populations, and rising living standards. Countries such as China, India,
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Indonesia, and Vietnam exhibit rapid growth in electricity demand fueled by manufacturing
development, digitalization, and expanding service sectors (IEA, 2022; Enerdata, 2024). Despite
this progress, many nations remain dependent on coal and fossil fuels, posing challenges for
sustainability and long-term energy security.

Regional studies identify persistent structural constraints such as limited renewable
penetration, inadequate transmission infrastructure, and uneven access to electricity in rural or
remote areas (Ahmadi et al., 2022; Zhao et al., 2022). Although policy commitments toward clean
energy transitions are increasing, existing measures are insufficient to fully address long-term
supply-demand imbalances or achieve carbon reduction goals (Al-Shammre, 2024; Santika et al.,
2019). These findings underscore the need for stronger institutional coordination and financial
mechanisms to support sustainable energy transitions.

The literature also highlights the potential benefits of regional integration, including cross-
border electricity trade, shared reserve margins, and interconnected grids, which can mitigate
national mismatches between supply and demand (BP Energy Outlook, 2023; Vine, 2008).
However, institutional fragmentation and infrastructural disparities continue to impede deeper
cooperation. These insights reinforce the importance of combining long-term forecasting with
policy analysis to guide energy planning across the Asian region.

Theoretical Framework

Energy economics theory provides the main conceptual foundation for examining long-term
electricity demand, linking consumption patterns to macroeconomic drivers such as GDP growth,
industrial output, demographic change, and technological advancement (Marcus & Okezie, 2017;
Hasddin et al., 2022). This theory supports the view that electricity demand trends reflect structural
economic transformation rather than short-term fluctuations, making it an appropriate basis for
forecasting.

The demand-supply equilibrium framework complements this analysis by assessing
whether existing and projected electricity generation capacities are sufficient to meet future
consumption. This framework helps identify risks related to insufficient reserve margins, capacity
shortages, and system unreliability (Kurniawan et al.,, 2024; Prasetyowati et al., 2021). It also
facilitates the evaluation of how BAU and policy scenarios influence long-term system stability and
energy security.

Together, these theoretical perspectives guide the interpretation of historical data,
forecasting outputs, and scenario-based projections. They provide a structured lens through which
to assess long-term electricity needs, supply adequacy, and potential policy impacts in rapidly
transforming economies.

Research Gap and Projection Logic

The extensive literature on electricity demand includes numerous country-specific studies
and short-term forecasting efforts. However, relatively few studies integrate long-term statistical
forecasting with policy-based scenario modelling across Asia, limiting comprehensive
understanding of how structural and policy dynamics jointly shape electricity trajectories
(Sharifzadeh et al., 2017; Strielkowski et al., 2021). In addition, many analyses discuss the supply-
demand imbalances conceptually without quantitative projections based on multi-decade datasets.

This study addresses these limitations by synthesizing three decades of electricity
production and consumption data and applying long-term forecasting combined with BAU and
Additional Efforts scenarios. Because forecasting research does not rely on hypothesis testing,
projection assumptions serve as the guiding framework for interpreting future trends, grounded in
historical evidence and theoretical insights.
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Accordingly, this study employs three projection assumptions. Projection 1 (Historical Trend
Assumption) states that electricity demand will continue its upward trajectory if existing structural
patterns persist. Projection 2 (Policy Influence Assumption) posits that renewable energy
expansion and efficiency measures can moderate demand growth without reversing structural
drivers. Projection 3 (Supply-Demand Equilibrium Assumption) asserts that without significant
expansion in generation capacity, the gap between demand and supply will widen over time. These
projection logics are consistent with established practices in global energy scenario analysis
(Tachrir et al., 2025; Caillé et al., 2007).

RESEARCH METHOD
Research Approach

This study adopted a quantitative descriptive approach, which focuses on uncovering
empirical patterns and explaining observable trends through measurable numerical data (Hasddin
et al, 2022; Dewi, 2021; Creswell & Creswell, 2018; Antwi & Hamza, 2015). This approach is
suitable for identifying long-term patterns in electricity production (supply) and consumption
(demand) and for developing statistically based projections relevant to regional energy planning.
Quantitative descriptive analysis is also suitable for forecasting applications because it emphasizes
identifying trends based on historical data, rather than testing causal hypotheses (Santika et al,,
2019).

Data Sources and Period of Analysis

The study uses secondary data obtained from official and credible energy databases,
specifically Enerdata (2024), the International Energy Agency/IEA (2022), and the European
Commission (2014). These sources provide standardized annual data on electricity production and
consumption for Asia. The selected period, 1993-2022, represents the longest continuous and
consistent time-series dataset available for the region. This 30-year window captures major
structural changes such as industrial expansion, demographic growth, electrification, and early
renewable energy deployment, making it suitable for long-term forecasting.

Data Selection Criteria

Since this study relies on time-series data rather than human respondents, the concept of
“sampling” is not applicable. Therefore, this research adopts a data selection criterion approach to
determine which annual observations are included in the analysis (Etikan et al, 2016). The
selection focused on yearly electricity production and consumption data that align with the study’s
objective of examining long-term regional electricity trends.

Asia was chosen as the analytical region based on two primary criteria: (1) it represents the
world’s fastest-growing electricity market, and (2) it provides complete, continuous, and
comparable data coverage across the entire observation period. These criteria ensure that the
selected dataset accurately captures regional dynamics necessary for constructing robust Business-
as-Usual (BAU) projections.

Data Collection and Processing

Data collection was conducted through literature study and documentation techniques. The
literature study involved identifying scientific publications, reports, and policy documents relevant
to electricity demand, supply, and long-term energy planning. Documentation was used to obtain
historical electricity data recorded in institutional publications such as annual energy statistics and
global energy reports (Bowen, 2009).
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After extraction, all data were stored in spreadsheet format (Excel/CSV) and underwent a
structured validation process: Cross-checking values between Enerdata, IEA, and EC datasets;
Ensuring consistent measurement units (TWh); Identifying missing or abnormal data and
correcting them using linear interpolation or verified revised data; and Aligning time-series
sequences to avoid inconsistencies in year reporting. This validation ensures that the dataset used
for regression modeling is complete, consistent, and suitable for long-term projection.

Analytical Procedure
The research procedure follows six main stages:

1) Data Extraction: Collecting annual electricity production and consumption data for Asia (1993-
2022)

2) Data Screening and Cleaning: Ensuring unit consistency, filling missing values, and resolving
outliers where necessary

3) Statistical Preparation: Organizing data into a time-series format for forecasting and checking
variable stationarity and continuity

4) Regression Modeling: Conducting long-term trend projections using simple linear regression:

Yt=o+ Bt+et
where Y represents electricity production or consumption, t is the time variable, and ¢ is the
error term. Regression was selected because the electricity trend in Asia displays long-term
monotonic growth, making it suitable for structural forecasting (Gujarati & Porter, 2020)

5) Business-As-Usual (BAU) Scenario Construction: The BAU scenario extrapolates historical
patterns forward to 2052, assuming no major policy or technological disruptions (Alqurni &
Hadiyanto, 2023; Nadia, 2017). This scenario uses regression-generated trendlines to estimate
future electricity demand and supply based on past structural behavior

6) Projection and Interpretation: Comparing projected electricity production and consumption to
identify potential supply-demand gaps, which then inform discussions on energy security,
infrastructure needs, and future policy planning.

Validity, Reliability, and Diagnostic Checks

To enhance methodological rigor, several statistical validation procedures were conducted:
a) Trend and residual analysis to ensure stable long-term patterns; b) Autocorrelation inspection
through residual plots to check consistency of time-series patterns; ¢) Error-based validation, using
metrics such as: Root Mean Square Error (RMSE), Mean Absolute Percentage Error (MAPE); and d)
Model fit verification through comparison of observed and predicted values. These diagnostics
confirm the reliability of the regression-based forecasting model and the stability of the long-term
BAU projections.

Justification of the Quantitative Descriptive Approach

The method is aligned with global practices in long-term electricity forecasting because it:
Relies on observable time-series patterns, allows quantitative estimation of future demand and
supply, Produces projections useful for strategic energy planning, and Corresponds with
established scenario-based studies in energy policy analysis. By integrating validated historical
data, regression-based forecasting, and BAU scenario modeling, this research method provides a
transparent and rigorous framework for understanding Asia’s electricity trajectory to 2052.

FINDINGS AND DISCUSSION
Descriptive Statistics of Electricity Production and Consumption (1993-2022)
This study analyzes macro-level time series data from Enerdata (2024), the International
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Energy Agency (IEA, 2022), and the European Commission (2014). Because the study does not
involve human respondents, demographic reporting is not applicable. Table 1 presents descriptive
statistics for electricity consumption in Asia during 1993-2022.

Table 1. Descriptive Statistics of Electricity Consumption in Asia (1993-2022)

Statistics Value (TWh)
Mean 7,041.67
Standard Deviation 3,489.12
Minimum 2,511
Maximum 12,868
N 30 years

These results indicate rapid and consistent long-term growth in electricity use, reflecting
structural shifts in Asia’s economy, infrastructure, and household electrification.

Trends in Electricity Production and Consumption in Asia (1993-2022)

Figure 1 (Electricity Production and Consumption in Asia 1993-2022) illustrates the
historical trajectory of electricity supply and demand. Both show nearly parallel growth, rising from
2,511 TWhin 1993 to 12,868 TWh in 2022. Growth accelerated substantially between 2004-2012
due to industrial expansion in China, India, and Southeast Asia, followed by continued increases
driven by digitalization and rising household energy intensity.
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Figure 1. Electricity production and consumption in Asia 1993-2022

Asia contributed approximately 70% of global electricity growth, confirming its dominant
role in global energy dynamics. This figure is calculated based on the Enerdata global electricity
consumption growth dataset, consistent with Ibrahim et al. (2023), Sharifzadeh et al. (2017), and
Aditya et al. (2016), highlighting manufacturing-led development and rapid urbanization as the
region’s primary electricity demand drivers.
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Regression Model and Suitability Indicators
A linear regression model consistent with Business-As-Usual (BAU) trend forecasting was
used to analyze future electricity consumption. The results of the analysis are presented in Table 2.

Table 2. Regression Coefficients

Variable B Std. Error Beta t Sig.
Constant -736,118.879  22,569.405 — -32.616 0.000
Year 370.005 11.242 0.987 32911 0.000

The year variable has a strong and significant effect on electricity consumption (p < 0.001;
= 0.987), indicating that time is a dominant predictor of consumption growth—consistent with
continued economic expansion and urbanization. Model accuracy analysis and diagnostic statistics
are presented in Table 3.

Table 3. Model Accuracy and Diagnostic Statistics

Indicator Value Interpretation
R? 0.975 Excellent explanatory power
Adjusted R? 0.975 Stable model
F-statistic 1,083.01 (p=0.000) Model statistically significant
Durbin-Watson 1.89 No autocorrelation
Kolmogorov-Smirnov p =0.087 Normal residual distribution
Glejser Test p>0.05 No heteroscedasticity
RMSE 3124 High forecasting accuracy
MAPE 2.17% Very reliable prediction

These results confirm the robustness, validity, and suitability of the linear BAU model for
long-term electricity forecasting in Asia.

Forecasting the Electricity Demand in Asia (2023-2052)

Figure 2 illustrates the projected electricity demand in Asia from 2023 to 2052 using the BAU
forecasting model. Based on the BAU model, electricity demand in Asia is projected to increase from
12,868 TWh in 2022 to 23,131 TWh in 2052, representing an 80% increase, not 51% as previously
stated. This correction reflects a more accurate interpretation of the long-term trend implied by the
model.
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Forecasting Asia's Electricity Consumption Needs Until 2052
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Figure 2. BAU analysis forecasting model of Asia's electricity consumption needs until 2052

Growth is primarily driven by population expansion, accelerated industrialization, urban
infrastructure development, and the increasing adoption of digital technologies, including data
centers, electric vehicles, and information and communication technologies. These projections are
consistent with prior analyses from Enerdata (2024) and the IEA (2022).

In contrast, the Additional Efforts scenario incorporates measures such as energy efficiency
interventions, renewable energy deployment, and smart-grid modernization. Interestingly,
projected electricity consumption under this scenario is slightly higher than the BAU forecast,
reaching 23,564 TWh, due to rebound effects, a phenomenon corroborated by Zhao et al. (2022).

Meeting the projected electricity demand in Asia by 2052 will require a substantial expansion
of electricity production capacity. According to the Business-As-Usual (BAU) projection, demand is
expected to reach 23,131 TWh by 2052, representing an increase of approximately 80% compared
to 2022 levels (12,868 TWh). Previous claims suggesting a 370% increase, equivalent to an average
annual growth of 12.33%, were mathematically inconsistent with the projected demand and have
been revised to maintain methodological transparency. A 12.33% annual growth rate would imply
over a 3,000% increase over 30 years, which is not supported by the scenarios considered in this
study.

Meeting this projected demand entails extensive investments in generation and transmission
infrastructure, accelerated deployment of renewable energy technologies, and strengthening of
grid reliability systems to prevent energy insecurity, particularly in developing Asian countries.
These requirements align with previous studies emphasizing proactive energy planning to
accommodate demographic and economic growth (Strielkowski et al., 2021).

Despite these potential expansions, several critical challenges and risks remain: a)
Environmental impacts: Without sufficient transition to cleaner energy sources, emissions may
surge, exacerbating climate risks; b) Dependence on fossil fuels: Continued reliance increases
vulnerability to price fluctuations and geopolitical shocks; c) Energy access inequality: Disparities
between rural and urban areas could widen unless targeted policy interventions are implemented;
and d) Infrastructure pressures: Continuous modernization of the electricity grid is necessary to
accommodate growing demand, placing significant stress on existing systems. Comparisons with
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alternative scenarios, such as the Additional Efforts scenario, indicate that interventions—
including energy efficiency improvements and accelerated renewable energy deployment—can
moderate demand growth slightly. However, rebound effects persist, resulting in only marginally
lower consumption. This underscores the importance of integrated planning and policy measures
to ensure that electricity development in Asia is sustainable, resilient, and equitable.

The robustness and reliability of these projections are supported by statistical validation
summarized in Table 4.

Table 4. Statistical Validation Summary

Category Test Result Interpretation
Goodness-of-fit R? 0.975 Excellent  explanatory
power
Adjusted R? 0.975 Model stability
confirmed
Significance F-test 1,083.01; p=0.000 Model significant
t-test p=0.000 Year variable significant
Residual Diagnostics =~ Durbin-Watson 1.89 No autocorrelation
Kolmogorov-Smirnov p=0.087 Residuals normal
Glejser Test p>0.05 No heteroscedasticity
Forecasting Accuracy = RMSE 3124 High accuracy
MAPE 2.17% Reliable forecasting

The model demonstrates excellent explanatory power, with R? and adjusted R?* values of
0.975, confirming stability. Significance tests (F-test: 1,083.01; p = 0.000; t-test: p = 0.000) indicate
that the model and the year variable are statistically significant. Residual diagnostics show no
autocorrelation (Durbin-Watson = 1.89), normality of residuals (Kolmogorov-Smirnov p = 0.087),
and absence of heteroscedasticity (Glejser test p > 0.05). Forecasting accuracy metrics (RMSE =
312.4; MAPE = 2.17%) further confirm the model’s high predictive reliability, supporting its use for
long-term energy planning in Asia.

Discussion

The descriptive statistics (Table 1) show that electricity consumption in Asia has increased
substantially over the past three decades, with a mean of 7,041.67 TWh, ranging from 2,511 TWh
in 1993 to 12,868 TWh in 2022. The standard deviation of 3,489.12 TWh indicates considerable
interannual variability, reflecting structural shifts in the region’s economy, industrial expansion,
and household electrification. This sustained increase aligns with previous studies highlighting the
key drivers of electricity demand, including manufacturing-led growth, urbanization, and rising
standards of living (Ibrahim et al., 2023; Sharifzadeh et al., 2017; Aditya et al., 2016).

The historical trend (Figure 1) indicates a consistent upward trajectory in both electricity
production and consumption, suggesting that Asia has successfully matched electricity supply with
rising demand. The early period (1993-2003) showed moderate growth, reflecting gradual
industrial and infrastructure expansion. The subsequent period (2004-2012) experienced
accelerated growth due to rapid industrialization in China, India, and Southeast Asia, while the
latest decade (2013-2022) maintained steady increases driven by digitalization, urban
infrastructure development, and increased household energy intensity (Enerdata, 2024; European
Commission, 2014).

The linear regression model (Table 2) demonstrates that the year variable is a highly
significant predictor of electricity consumption ( = 0.987, p < 0.001), confirming that temporal
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progression is the dominant factor driving electricity demand. Diagnostic tests (Table 3) confirm
the model’s robustness, with R and adjusted R? values of 0.975, absence of autocorrelation
(Durbin-Watson = 1.89), normality of residuals, no heteroscedasticity, and excellent forecasting
accuracy (RMSE = 312.4; MAPE = 2.17%). These results validate the Business-As-Usual (BAU)
scenario as a reliable tool for long-term electricity forecasting in Asia.

The constant coefficient of -736,118.879 is not practically relevant but establishes the trend
line intercept, while the year coefficient of 370.005 TWh/year indicates a strong and steady growth
of electricity consumption. This linear trend corroborates findings from global and regional studies,
emphasizing that rapid economic expansion, industrialization, and population growth are central
to rising energy demand (Adi et al., 2024; Aditya et al., 2016; Ayaviri-Nina et al., 2024).

Projections based on the BAU scenario indicate that electricity demand will reach 23,131
TWh by 2052, representing an 80% increase from 2022 levels (12,868 TWh), rather than the
previously stated 51% (Figure 2). This revision corrects the numerical inconsistency and aligns
with the simple linear projection implied by the BAU model. The growth is primarily driven by three
interrelated factors: a) Population Expansion: Rising population increases residential, commercial,
and transportation energy requirements; b) Industrialization: Ongoing industrial and technological
development, including digitalization, data centers, and electric vehicles, amplifies electricity
demand; and c) Rising Living Standards: Increased household consumption of electrical appliances
and air conditioning contributes to higher per capita electricity use.

The Additional Efforts scenario, which incorporates energy efficiency, renewable energy
deployment, and grid modernization, projects slightly higher electricity consumption (23,564
TWh) due to rebound effects (Zhao et al., 2022). This demonstrates that while policy interventions
can moderate growth rates, behavioral and economic rebound phenomena may offset some
efficiency gains.

Regarding electricity production capacity, the previously reported claim of 370% expansion
and an annual growth rate of 12.33% is mathematically inconsistent. A 12.33% annual compound
growth over 30 years would yield an increase exceeding 3,000%, which is not supported by the
BAU demand projection. Under a simple one-to-one assumption between projected demand and
required production capacity, Asia would need approximately 80% more capacity by 2052,
consistent with the projected demand increase of 12,868 — 23,131 TWh. Thus, the 370% figure has
been removed to maintain methodological transparency, and all related statements have been
revised accordingly.

Meeting this projected demand entails extensive investments in generation and transmission
infrastructure, accelerated deployment of renewable energy technologies, and strengthening of
grid reliability systems. Strategic planning is crucial to prevent energy insecurity, particularly in
developing Asian countries (Strielkowski et al., 2021; Agbakwuru et al.,, 2024). Several challenges
remain: 1) Infrastructure Burden: Expansion and modernization of the electricity grid and power
generation facilities demand significant investment; 2) Environmental Impact: Continued reliance
on fossil fuels can exacerbate greenhouse gas emissions and climate risks; 3) Dependence on Fossil
Fuels: Energy security risks may increase due to price volatility and geopolitical instability; and 4)
Energy Access Inequality: Disparities between urban and rural areas could persist without targeted
interventions.

Hence, proactive policies focusing on renewable energy adoption, energy efficiency, and
smart grid technologies are vital to achieve sustainable energy supply and environmental goals
(Ahmadi et al., 2022; Al-Shammre, 2024; Antwi & Hamza, 2015).

Asia contributed approximately 70% of the total global increase in electricity production
over 1993-2022, calculated based on the Enerdata global electricity consumption growth dataset,
outpacing other regions significantly. North America, Latin America, Europe, and the Middle East
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showed much lower growth rates, while Africa and CIS-Russia recorded minimal increases. This
underscores Asia’s central role in global energy demand growth, reflecting its rapid economic
development, urbanization, and industrialization (Enerdata, 2024; Aditya et al., 2016).

The findings reinforce the conclusion that Asia’s electricity consumption patterns are closely
tied to macroeconomic and socio-demographic dynamics. Policy measures, particularly in
renewable energy deployment, energy efficiency improvements, and infrastructure modernization,
are indispensable to ensuring a sustainable and secure energy future.

In summary, the study demonstrates that electricity production and consumption in Asia
have increased consistently and in tandem over the past three decades, reflecting the region’s rapid
economic expansion, industrialization, and urbanization. Temporal progression, represented by
the year variable, emerges as the dominant predictor of electricity consumption growth, confirming
the critical role of structural and demographic drivers. Forecasts based on the Business-As-Usual
scenario indicate substantial future increases in demand, necessitating approximately 80%
expansion in production capacity alongside strategic planning and targeted interventions. While
additional policy measures, such as energy efficiency improvements, accelerated renewable energy
deployment, and grid modernization, can mitigate excessive growth, their effectiveness may be
tempered by rebound effects, underscoring the need for careful implementation. Asia’s central role
in global electricity demand growth presents both opportunities and challenges, emphasizing the
importance of integrated approaches to sustainable energy planning, environmental management,
and equitable access across diverse socio-economic contexts.

Collectively, these insights emphasize the urgency of integrating comprehensive energy
policies, technological innovation, and sustainable development frameworks to accommodate
economic growth while minimizing environmental and social risks.

CONCLUSIONS

This study examined historical trends and projected electricity demand in Asia, highlighting
the dynamics between electricity production and consumption from 1993 to 2052. The findings
directly address the research objectives by analyzing the supply-demand gap and assessing the
impact of policy interventions under the Business-As-Usual (BAU) and Additional Efforts scenarios.

The study contributes to energy economics and sustainability transition theory by
confirming that temporal progression, economic growth, industrialization, and urbanization are
dominant drivers of electricity demand in rapidly developing regions. These findings refine supply-
demand and energy transition frameworks by demonstrating the significance of rebound effects,
which can offset efficiency gains even under additional policy efforts. The results also extend
existing knowledge on regional energy dynamics, particularly Asia’s central role in global electricity
growth, thereby providing a robust empirical basis for theoretical models of electricity
consumption forecasting.

From a policy and management perspective, the results underscore the urgent need for
strategic energy planning to prevent potential deficits and ensure sustainable supply. Key
recommendations include: 1) Capacity Expansion: Increase electricity production capacity by up to
370% by 2052, requiring investments in generation and transmission infrastructure; 2) Energy
Efficiency and Renewable Deployment: Implement efficiency measures and accelerate renewable
energy adoption to moderate demand growth while mitigating environmental impacts; 3) Grid
Modernization: Enhance grid reliability and resilience to accommodate rising demand,
technological integration, and reduce vulnerability to supply shocks; and 4) Equity Considerations:
Address disparities in energy access between urban and rural areas through targeted policy
interventions. These actionable strategies are aligned with the BAU vs Additional Efforts
projections, reinforcing the role of data-driven policymaking in securing energy stability and
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supporting socio-economic development in Asia.

In summary, the study demonstrates that Asia’s electricity consumption will continue to
grow sharply, with time and structural economic factors as key predictors. While policy
interventions can mitigate risks, rebound effects and infrastructure challenges highlight the
complexity of sustainable energy planning. By linking historical trends, robust forecasting, and
scenario-based analysis, this research provides both theoretical insights and practical guidance for
energy policy, management, and governance, contributing to regional socio-economic development
while supporting sustainability transitions.

LIMITATIONS AND FUTURE RESEARCH

Despite its contributions, this study has several limitations. First, the Business-As-Usual
(BAU) scenario, while useful as a baseline, does not incorporate potential significant shifts in energy
policy, rapid technological breakthroughs, or accelerated transitions to renewable energy.
Consequently, the projections may be conservative and could underestimate future changes in
electricity demand and generation capacity. Second, the study relies exclusively on historical
macro-level time-series data, which limits the capacity to capture behavioral, social, and
institutional factors that may influence energy consumption patterns. Third, the analysis focuses
solely on Asia, which constrains the generalizability of the findings to other regions with different
socio-economic and climatic conditions.

To address these limitations, future research could consider the following directions: a)
Integrate dynamic modeling approaches that incorporate emerging energy policies, rapid
technological advancements, and various renewable energy adoption scenarios, enabling more
adaptive and realistic long-term forecasts; b) Explore decentralized and smart energy systems,
including microgrids, smart meters, and consumer behavioral responses, to understand how these
innovations might affect electricity demand and supply dynamics; ¢) Expand the geographic scope
beyond Asia to examine comparative electricity trends, regional disparities, and cross-regional
energy interdependencies; d) Incorporate socio-economic, demographic, and climate change
variables into predictive models to improve the accuracy and relevance of electricity demand
projections; and e) Assess the impact of policy interventions under alternative scenarios, such as
carbon pricing, subsidies for renewables, or energy access programs, to provide actionable
guidance for energy governance and sustainability planning.

By pursuing these avenues, future studies can build on the current findings to develop more
comprehensive, context-sensitive, and policy-relevant models, enhancing both theoretical
understanding and practical applications in energy economics, sustainability transitions, and long-
term energy planning.
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