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Abstract: Residential electricity consumption has emerged as a significant contributor to
global greenhouse gas emissions, with its impact intensifying in recent years. Given this
significance, this study analyzed changes in residential electricity consumption in 17 cities
and provinces in Korea from 2013 to 2021, decomposing them into five drivers using the
LMDI method. Additionally, we used the Tapio decoupling model to ascertain the decoupling
trend between electricity consumption growth and GRDP. The results showed that the drivers
varied across regions, but primarily, the climate effect and energy efficiency effect served as
the main contributors to the changes in residential electricity consumption. Furthermore, the
worsened decoupling trend observed during COVID-19 persisted subsequently. Based on our
findings, we recommended proactively establishing and implementing region-specific
policies to curtail residential electricity consumption efficiently.
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|. Introduction

Residential electricity consumption has emerged as a critical focus in
global decarbonization debates, driven by structural shifts that
complicate demand management. Despite ongoing efficiency
improvements, residential demand continues to rise due to growing
ownership and use of electric appliances (Cabeza, Urge-Vorsatz, McNeil,
Barreneche, and Serrano, 2014: Sukarno, Matsumoto, and Susanti, 2017),
the proliferation of single-person and small households (Park and Yun,
2022), increases in floor area per capita (Goldstein, Gounaridis, and
Newell, 2020), and greater cooling needs induced by climate change
(United Nations Framework Convention on Climate Change [UNFCCC],
2021). These trends are particularly pronounced in East Asian economies
such as South Korea, implying that managing residential electricity
demand is a key component of long-term decarbonization strategies,
alongside the decarbonization of power generation.

South Korea provides a particularly relevant case. Residential
electricity consumption increased from 17,735 GWh in 1990 to 84,427
GWh in 2020, remaining on an upward trajectory even as total domestic
electricity consumption began to stabilize around 2019 (Korea Electric
Power Corporation [KEPCOJ, 2025). Although the residential sector
accounts for a smaller share (approximately 15%) of total electricity use
compared to industry, its volatility significantly affects national
peak-load management and grid stability, especially during summer and
winter months. Residential energy use also represents a direct interface
between energy policy and citizen welfare, shaped by demographic
change, housing conditions, and urban development—factors that local

governments can influence through planning and building policies. As
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national and sub-national carbon-neutrality plans are prepared and
implemented, understanding the regional dynamics of residential
electricity use has become a pressing policy issue.

Existing studies have examined residential electricity consumption
from multiple perspectives, including demographic change,
urbanization, and climate-related factors. However, most of this
literature either focuses on national aggregates or a limited set of regions,
and relatively few studies jointly examine climate and demographic
drivers of residential electricity use at the regional level in Korea.
Previous work has highlighted the role of residential and population
growth (Shigetomi et al., 2018) as well as climate variability (Nie, Kemp,
Xu, Vasseur, and Fan, 2018), but evidence on how these factors interact to
shape regional residential electricity consumption in Korea remains
scarce. In particular, there is still limited quantitative understanding of
how regional patterns of economic growth, demographic change, and
climate variability combine to influence residential electricity demand
under a common national policy framework.

This study addresses this gap by applying the Logarithmic Mean Divisia
Index (LMDI) method to decompose changes in residential electricity
consumption across Korea's 17 metropolitan and provincial governments.
The analysis focuses on five drivers: climate effect, electricity efficiency,
floor area density, household size, and population. LMDI is widely used in
energy and emission studies because it provides an internally consistent
decomposition of changes in aggregate indicators into contributions from
multiple factors without leaving a residual term (Ang, 2015). To provide a
more comprehensive policy diagnosis, this study integrates LMDI with a
Tapio-type decoupling analysis. While the decoupling indicators diagnose
the state of the relationship between regional economic growth (GRDP)
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and electricity consumption (e.g., recoupling vs. decoupling), the LMDI
decomposition explains the underlying causes of those outcomes. By
combining these two approaches, the analysis identifies not only whether
a region is transitioning towards sustainability but also which specific
factors are facilitating or hindering that transition.

The analysis covers the period 2013-2021. The starting year is set to 2013
because Sejong City was established in 2012, and 2013 is the first year in
which statistics for all 17 metropolitan and provincial governments are
reported on a consistent basis. Restricting the sample to this period
therefore ensures spatially comparable time series for residential electricity
use, GRDP, and other regional indicators. The findings of this study are
expected to provide insights for designing region-specific residential
electricity demand-management strategies within Korea, while also
offering broader lessons for other countries that face similar challenges of
demographic change, uneven urban development, and regionally
differentiated climate conditions under a national decarbonization policy.

The remainder of the paper is organized as follows. Section 2 reviews
previous studies that analyze changes in residential energy use and GHG
emissions using decomposition and decoupling approaches. Section 3
describes the data and methods, including the LMDI decomposition
framework and the Tapio decoupling indicators. Section 4 presents and
discusses the empirical results. Section 5 concludes with key policy

implications, limitations, and directions for future research.

[l. Literature Review

In studies of residual energy use, decomposition and decoupling
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analyses have been widely used to quantify how different factors drive
changes in residential energy use and associated environmental impacts
over time (Liu et al., 2016; Zheng et al., 2019). By structuring energy use
as an identity and decomposing it into economic, environmental,
demographic, or socioeconomic factors, decomposition approaches
provide a systematic way to evaluate how different drivers shape trends
in energy consumption and greenhouse gas (GHG) emissions (Hoekstra
and Van den Bergh, 2003). Among various techniques, the LMDI method
has become one of the most commonly adopted tools because it is
flexible, easy to implement, and yields interpretable results, while
satisfying desirable properties such as complete decomposition without
residual terms (Ang, 2015; Mousavi, Lopez, Biona, Chiu, and Blesl, 2017;
Xu and Ang, 2013).

A growing number of studies apply LMDI to analyze residential energy
or electricity consumption. For example, Huang (2020) identified
appliance saturation and lifestyle changes as key drivers of demand
growth in Taiwan. Similarly, studies in China and other regions—such as
Hunan Province, Beijing, and Morocco—have emphasized the roles of
income growth, urbanization, and energy intensity in shaping residential
or household electricity consumption (Chen, Lin, Wang, Mao, and Peng,
2022: Haouraji, Oubnaki, Mounir, and Mounir, 2023: Meng, Wu, Zhou,
and Wang, 2019). Beyond these economic and structural factors,
demographic and housing characteristics are increasingly recognized as
primary determinants (Zang, Zhao, Wang, and Guo, 2017). Notably,
Shigetomi et al. (2018) utilized LMDI to analyze Japan's 47 prefectures,
revealing substantial regional heterogeneity and demonstrating that an
increasing number of dwellings drove CO. emissions even amidst

population decline.
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At the same time, growing concern about climate change has
necessitated a focus on how climatic conditions interact with residential
energy use (Rogan, Cahill, and O Gallachéir, 2012). As global warming
intensifies cooling requirements, many countries have observed
significant increases in electricity consumption, particularly in warmer
seasons (Auffhammer and Mansur, 2014: Li, Pizer, and Wu, 2019). For
instance, Nie et al. (2018) found that both climatic factors and income
growth contributed to rising residential electricity use in urban and rural
China, while Wang, Sun, Zhao, and Wang (2021) reported distinct urban—
rural patterns in climate-sensitive building energy use using a Kaya-
LMDI framework.

Whereas decomposition analysis attributes changes in energy use to
specific drivers, decoupling analysis examines the overall relationship
between economic growth and environmental pressure. The central
question in decoupling studies is whether economies can grow without
proportionally increasing their ecological footprint, including energy
use and emissions. Early empirical work by Zhang (2000) applied
decoupling indicators to energy and emissions, and subsequent studies
refined the typology of decoupling states. Juknys (2003) proposed a
conceptual classification of decoupling types, and Tapio (2005) further
developed an elasticity-based framework that distinguishes eight
decoupling states depending on the sign and magnitude of changes in
economic output and environmental indicators. These indices have been
widely used to diagnose the state of the relationship between economic
growth and energy consumption or emissions in different sectors,
including buildings and households, often revealing patterns of weak
decoupling driven by efficiency gains but offset by activity growth (Ma,
Ye, Shi, and Zou, 2016; Zhang and Bai, 2018).
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In South Korea, empirical research on residential electricity demand
has examined a wide range of determinants, from household
characteristics to environmental conditions. Earlier studies primarily
relied on household-level microdata and regression models to identify
key drivers of electricity use. For example, No (2014) analyzed how
household composition, appliance ownership, and dwelling
characteristics influence residential electricity demand, showing that
income and certain appliance types (e.g., cooling systems) are
statistically significant factors. Han and Jung (2020) explored the role of
environmental variables in shaping residential energy consumption,
emphasizing the need for policies that reflect diverse household
attributes and regional environmental conditions. More recently, Park
and Yun (2022) investigated demographic change and regional
convergence in per-capita household electricity consumption across
Korean regions, finding evidence of convergence alongside substantial
regional heterogeneity in adjustment speeds.

These studies collectively demonstrate that demographic structure,
housing conditions, income, and climate are central to understanding
household energy use in Korea. However, a methodological gap remains.
Most existing Korean studies rely on regression-based approaches or
micro-level surveys, which identify statistically significant determinants
but do not quantify the year-to-year contribution of each driver to total
changes in electricity consumption. Relatively few studies have applied
LMDI decomposition to Korean residential electricity consumption in a
way that simultaneously considers climate and demographic factors at the
regional level, and even fewer have combined this with decoupling
analysis. Against this backdrop, this study differentiates itself by adopting

a decomposition framework that complements previous regression-based
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work. Whereas regression analysis identifies determinants, decomposition
methods quantify drivers of change, and decoupling indicators summarize
the sustainability of these trends. Integrating these approaches provides a
more comprehensive diagnosis of regional residential electricity demand

under Korea's national policy framework.

lll. Data and Methodology
1. Study area and data source

This study examines 17 metropolitan and provincial governments in
Korea over the period 2013-2021. The starting year is set to 2013
because Sejong City was established in 2012, and 2013 is the first year in
which statistics for all 17 regions are reported on a consistent basis.
Focusing on 2013-2021 therefore ensures spatially comparable time
series for residential electricity use, demographic variables, and
economic indicators across all regions.

Residential electricity consumption data were obtained from the
Korea Electric Power Corporation (KEPCO, 2022). Population and
household statistics were sourced from the Resident Registration
Population database (Ministry of the Interior and Safety [MOIS], 2022),
and the gross floor area of residential buildings was taken from the
national Residential Building Gross Floor Area database (Ministry of
Land, Infrastructure and Transport [MOLIT], 2022). Regional
temperature data were collected from the Korea Meteorological
Administration (KMA, 2022).

While many studies rely on a single national balance-point

temperature (e.g., 18.3 °C) to calculate heating and cooling degree days,
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this study adopts region-specific balance-point temperatures derived
from Lee, Baek, and Cho (2014). This approach allows for a more
granular assessment of climatic variability across Korea's diverse
geography. Degree-day metrics act as a proxy for complex climate-
behavior interactions: however, utilizing region-specific baselines is
expected to improve the sensitivity of the climate indicator compared
with a uniform national standard.

Gross regional domestic product (GRDP) data were obtained from
Statistics Korea (KOSTAT, 2022). To convert nominal monetary values into
real terms, the national GDP deflator from the International Monetary
Fund (IMF, 2022) was applied. The national deflator was selected to
maintain temporal consistency and mitigate potential discrepancies
arising from varying regional accounting practices. While this approach
ensures consistency in trend analysis, it also implies that regional price
heterogeneity is not explicitly captured—a limitation that is taken into
account when interpreting the decoupling results. Detailed variable

definitions and data coverage are summarized in (Table 1).

(Table 1) Utilized datasets in this study

Data Sources Unit
Residential elec- MYearbook of Electric Power Statisticsi, GWh
tricity consumption Korea Electric Power Corporation
Gross floor area Gross Area of Residential Buildings., 2
Ministry of Land Infrastructure and Transportation
GDP deflator Mnternational Financial Statisticss, IMF 2010=100

"Regional GDP, Gross regional income and in-

GhoR dividual incomeu, Statistics Korea Jriauoangd KV
"Regional Temperaturel,
Temoetatiys Korea Meteorological Administration T
"Resident Registration Population Status.,
Heusshold Ministry of the Interior and Safety kil
Boniletion "Resident Registration Population Status., SR

Ministry of the Interior and Safety
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(Table 2) Heating and cooling degree days by region in Korea, 2013-2021

Regions 2013 2014 2015 2016 2017 2018 2019 2020 2021
Seoul 3744.2 3270.8 3277.5 3520.6 3526.8 3635.8 3337.3 3197.9 3317.6
Busan 2871.8 2482.2 2383.3 2632.4 2709.0 2786.5 2453.8 2463.8 2577.4
Daegu 3368.5 2922.7 2798.0 3096.0 3234.6 3336.7 2993.9 2966.0 3001.5
Incheon 3588.4 3163.6 3115.2 3337.1 3358.8 3497.7 3208.7 3059.0 3249.6
Gwangju 3345.3 2852.5 2793.2 3007.4 3122.2 3148.7 2871.0 2800.2 2899.0
Daejeon 3589.0 3132.9 3068.6 3323.2 3340.3 3505.4 3175.7 3096.1 3162.7
Ulsan 3171.1 2722.7 2601.6 2765.4 2926.5 3017.7 2685.5 2699.5 2720.7
Sejong 3624.0 3151.6 3077.0 3350.4 3371.4 3526.2 3210.1 3118.7 31985
Gyeonggi  3691.3 3238.4 3203.0 3373.8 3444.8 3555.5 3306.3 3187.8 3277.5
Gangwon  3464.1 3084.6 2940.6 3034.1 3074.9 3244.9 2989.3 2924.8 2962.8
Chungbuk  3658.9 3170.1 3085.3 3377.6 3402.5 3547.0 32444 3141.3 3234.2
Chungnam 3494.2 3040.9 2924.0 3189.8 3251.6 3354.5 3143.4 2989.0 3130.5
Jeonbuk 3495.6 3015.4 2917.2 3186.5 3244.8 3329.7 3033.9 3012.5 3065.8
Jeonnam  3250.7 2805.4 2707.5 2959.6 3067.1 3162.8 2892.2 2899.2 2919.3
Gyeongbuk 3314.2 2918.7 2789.0 2996.8 3066.8 3220.0 2884.1 2848.9 2907.2
Gyeongnam 3423.4 3000.0 2872.6 3117.4 3264.0 3357.7 3051.0 3011.6 3108.3
Jeju 27475 2347.5 2239.7 24915 2677.1 2583.6 2359.9 2347.8 2456.5

2, The LMDI method

The LMDI analysis of residential electricity consumption in year ¢ can
be conducted by the following Eq. (1):

E,
M

t t t
X R I (1)

FH PR

X

]
=Y w!x EI'x FD!x HC!x P,
i

REC! =)

B [

Where, the superscript ¢stands for the year and subscript 7 refers to 17

cities and provinces in Korea. REC! is the aggregate residential

electricity consumption in region /7 at year t Eﬁ=E}’XHCDD‘/
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HCDD*"¥ is the residential electricity consumption in region / at year ¢,
adjusted for climate change impacts using HCDD as shown in the (Table
2). E, is the residential electricity consumption in region 7 at year ¢
without considering the effects of climate change. F} is the gross floor
area of the residential building in region 7 at year ¢ H; is the total
household in region 7 at year tand P/ is the total population in region /
at year . w'=E | E! refers to the climate-adjusted coefficient in region 7
at year f, representing the climate effect. EI'=E!/F! denotes the
residential electricity consumption per gross floor area in region 7 at year
t. representing the energy efficiency effect. FD/=F!/H! denotes the
gross area per household in region 7 at year ¢ representing the floor
density effect. HC! indicates the number of households per capita in

region 7 at year ¢, representing the household composition effect.
According to Ang (2015), the change in residential electricity
consumption between a base year (0) and year t (A REG) can be

expressed as follows:

A REC; = REC!— REC!
= AREC,+ AREC,+ A REC,; + A REG, + A REC,

E-E W
RBEC. =Y, — 2 & _gufc £ 2
ce Z]n&t_ln&p n(wf) ()

E'—E? EI

AREC, = —— —In(—
2 InE — InE? 1 EI,-“) ®
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3. The Tapio decoupling model

The Tapio decoupling model is typically used for describing the
decoupling state and correlations among socio-economic driving forces
(Duan, Feng, Zhou, Chang, and Li, 2021). Tapio (2005) categorized the
decoupling states into eight based on the comparison between the
growth rate of GDP and GHG emissions. However, in this study, we
altered the structure of the equation to delve into the relationship
between GRDP and electricity consumption, as shown in {Figure 1). The
best decoupling state is the strong decoupling state, meaning that the
electricity consumption decreases while the GRDP increases. In contrast,
the worst decoupling state is the strong negative state, where electricity

consumption increases while the GRDP decreases.

{Figure 1) Description of economic growth and electricity consumption
decoupling state
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In this study, the Tapio decoupling model is calculated as follows:

_ (4Be)/(Be,)
~ (4GRDP)/(GRDP)

)

€

where € is the decoupling elasticity, defined as the ratio of the growth

rate of residential electricity consumption to the growth rate of GRDP.

IV. Results

(Figure 2) depicts the decomposition of changes in residential
electricity consumption across 17 cities and provinces in Korea between
2013 and 2021, highlighting the contributions of the five primary drivers.
Most regions experienced an overall increase in residential electricity
consumption over the study period, but the relative importance and

direction of each driver varied substantially by region.
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(Figure 2) Waterfall chart of decomposition results of changes in residential
electricity consumption, 2013-2021
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Over the study period, the climate effect generally acted to reduce
residential electricity consumption. This effect reflects how changes in
space cooling and heating demand influence electricity use. The results
indicate a decline in heating and cooling degree days in most regions,
which translated into a negative contribution of the climate effect to
total residential electricity consumption.

By contrast, the energy efficiency effect contributed to an increase in

residential electricity consumption in many regions. This effect captures
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changes in electricity use per unit of residential floor area: a positive
contribution therefore implies a deterioration of electricity efficiency,
whereas a negative contribution indicates an improvement. The
decomposition shows that efficiency patterns differ across regions. For
example, in Ulsan the energy efficiency effect is —6.23%, indicating a
notable improvement in electricity efficiency that partially offsets
demand increases from floor density (+7.59%) and smaller household size
(+13.24%). In Incheon, however, the energy efficiency effect is +8.22%,
suggesting a deterioration in electricity efficiency despite a mitigating
climate effect of —9.33%.

The floor density effect relates to the amount of residential floor area
per household. In most regions, this factor contributed positively to
residential electricity consumption, suggesting that average living space
expanded over the study period. Gyeongbuk and Daejeon were notable
exceptions, where the floor density effect slightly reduced electricity
consumption, implying a relative contraction or slower growth of floor
area per household.

The household size and population effects reflect demographic
dynamics. The household size effect measures the impact of changes in
the number of persons per household, whereas the population effect
captures changes in the total regional population. In most regions, the
population effect contributed to a reduction in residential electricity
consumption, while the household size effect contributed to an increase.
This combination implies that, despite slower or declining population
growth, the rising share of single-person and small households tended to
increase residential electricity consumption.

Sejong provides a contrasting case. Established to alleviate population

concentration in the Seoul metropolitan area, Sejong experienced rapid



248 » $FEM H33H M43

population growth during the study period. As a result, the population
effect in Sejong reaches +197.36%, far exceeding the contributions of
other drivers and explaining the sharp increase in residential electricity
consumption despite a negative climate effect of —17.46% and only
moderate contributions from floor density (+7.69%) and household size
(+11.68%).

(Figure 3) illustrates the annual changes in residential electricity
consumption in each region, decomposed into the main driving forces. In
most regions, total residential electricity consumption decreased between
2013-2015 and 2018-2019, whereas it increased between 2015-2018 and
2019-2021. These alternating phases of decline and growth indicate that
changes in residential electricity demand are not monotonic but occur in
waves, reflecting the combined influence of climate variability, efficiency

dynamics, and gradual demographic change.
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{Figure 3) Change in residential electricity consumption by driving forces in 17
cities and provinces in Korea, 2013-2021
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The stacked bars show that short-term fluctuations are mainly
governed by the climate and electricity efficiency effects. Years with
strong negative contributions from the climate effect generally
correspond to reductions in total residential electricity consumption,
while years with adverse efficiency effects tend to coincide with
rebounds in demand. In contrast, the floor density, household size, and
population effects evolve more smoothly over time. These structural and

demographic drivers provide a slowly changing background trend, on
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top of which the more volatile climate and efficiency effects generate
year-to-year variation.

The temporal patterns also differ across regions. Large metropolitan
areas such as Seoul, Busan, Daegu, Incheon, and Gyeonggi typically
exhibit larger swings in total change, suggesting that dense urban regions
are more sensitive to shifts in climate conditions and efficiency. Several
provincial regions, including Gangwon, Chungbuk, and Jeonnam, display
more moderate changes, with the climate effect often offset by
improvements in electricity efficiency or by relatively stable demographic
factors. In some regions, such as Jeju and Gyeongnam, episodes of
declining consumption are concentrated in specific sub-periods,
followed by a recovery driven mainly by climate or efficiency effects.

Sejong provides a contrasting case. The total change in Sejong is
positive in nearly all sub-periods, and the stacked bars reveal that this
persistent increase is dominated by the population effect. While climate
and efficiency still contribute to the year-to-year variation, rapid
population growth in Sejong consistently pushes residential electricity
consumption upward, distinguishing it from most other regions where
population effects are small or even negative. This highlights how, in
regions experiencing active in-migration and new housing development,
demographic expansion can outweigh the mitigating influence of
favorable climate conditions or efficiency gains.

During the periods 2019-2020 and 2020-2021, total residential
electricity consumption increased in most regions, but the underlying
drivers differed. For 2019-2020, the main driver for the increase in
residential electricity consumption was the electricity efficiency effect.
This surge was significantly influenced by the COVID-19 pandemic,

prompting people to stay home more and use their appliances more due
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to lockdowns. Conversely, a major factor in the increase in residential
electricity consumption in 2020-2021 was the climate effect, where
global warming due to the greenhouse effect increased demand for
residential cooling, as also found in (Table 2).

(Table 3) summarizes the decoupling states between residential
electricity consumption and GRDP for all regions in Korea. During the
periods 20132015, 2016-2017, and 2018-2019, most regions fall into
strong decoupling (Type I) or weak decoupling (Type II), indicating that
residential electricity consumption grew more slowly than regional
economic output or even declined while GRDP continued to rise. By
contrast, in 2015-2016, 2017-2018, and 2019-2021, many regions shift
toward expansive negative decoupling (Type IV) or strong negative
decoupling (Type V), where residential electricity use increases despite
stagnating or declining economic activity. This pattern suggests that the
relationship between economic growth and residential electricity
demand is highly time-dependent, alternating between periods of
mitigation and periods in which electricity demand becomes more

detached from economic performance.

{Table 3) The decoupling state between residential electricity consumption and
GRDP by region, 2013-2021
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The change in decoupling patterns after 2019 highlights the profound
impact of the COVID-19 pandemic on the linkage between economic
growth and residential electricity consumption in Korea. From 2019
onward, most regions, including Seoul, exhibit negative decoupling states,
meaning that residential electricity consumption continued to rise even as
regional economies grew only modestly or contracted. Seoul is particularly
notable: during the pandemic years, residential electricity demand
increased sharply while GRDP weakened. This pattern is consistent with
stay-at home measures, increased time spent indoors, and changes in
household energy use that were not accompanied by parallel growth in
economic output. This divergence underscores how external shocks such
as COVID-19 can temporarily weaken or reverse the usual coupling

between economic activity and residential electricity demand.

V. Conclusion

This study investigates the main driving forces behind changes in
residential electricity consumption across 17 cities and provinces in Korea
using an LMDI decomposition and Tapio decoupling analysis. The results
show that residential electricity consumption has increased in most
regions over the past decade, but the underlying drivers differ substantially
across space and time. Climate-related factors and changes in electricity
efficiency exert the largest short-term influence, while demographic and
housing-related factors shape longer-term trends. The household-size
effect generally increases electricity use, whereas the population effect
tends to reduce it in many regions, with Sejong as a notable exception

where rapid in-migration dominates. The decoupling analysis further
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indicates that the relationship between residential electricity demand and
economic growth has weakened since the COVID-19 pandemic, with
many regions shifting toward negative decoupling.

Based on these findings, several policy implications emerge.

First, residential electricity policies should be reconsidered from a
regional perspective. The decomposition results indicate that the
relative importance of climate, efficiency, floor density, household size,
and population varies across regions. Uniform policies may therefore be
less effective than strategies tailored to regional conditions, including
climate, urban form, and demographic structure. In particular, the
climate effect has become a major contributor to recent increases in
residential electricity consumption and is likely to intensify under
continued warming. Climate adaptation and mitigation policies—such
as stricter building-envelope standards, promotion of high-efficiency
cooling systems, and region-specific demand-response programs during
heat waves—should be integrated into residential energy policy.

Second, demographic change, especially the rise in single-person and
small households, plays a non-negligible role in driving up residential
electricity consumption even when aggregate population growth slows.
Policies that enhance energy efficiency in smaller households can help
counteract this trend. Examples include targeted support for replacing
inefficient appliances, incentives for compact and energy-efficient
housing design, and subsidies or financing schemes for installing rooftop
PV or other distributed resources suitable for small households. Such
measures can reduce per-household electricity demand while
accommodating ongoing demographic shifts.

Third, the deterioration in decoupling status observed since the onset

of the COVID-19 pandemic suggests that residential electricity demand
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has become less closely tied to economic performance. In many regions,
electricity use increased despite stagnant or declining GRDP, reflecting
behavioural and structural changes such as increased time spent at home
and more intensive appliance use. This pattern continues into the
post-pandemic period, implying that some of these changes may persist.
Promoting low-carbon, energy-efficient lifestyles in the residential
sector—through information campaigns, dynamic pricing, building
retrofits, and digital tools for monitoring and managing home energy use
—can help to realign residential electricity demand with long-term
decarbonization objectives. Strengthening the resilience of residential
energy demand to social and environmental shocks will be crucial for
achieving sustainable and equitable energy transitions in Korea.
Overall, the analysis demonstrates that residential electricity
consumption in Korea is shaped by a complex interplay of climate,
efficiency, housing, and demographic factors, and that these drivers
operate differently across regions and over time. By combining
decomposition and decoupling approaches, this study provides an
integrated picture of how and why residential electricity demand has
evolved, and where policy efforts should be concentrated. Taken
together, these insights can help national and local policymakers design
more nuanced, region-specific strategies that curb residential electricity
demand, protect household welfare, and advance economy-wide
decarbonization. Finally, the evidence from Korea's 17 cities and
provinces may also offer a useful reference for policymakers in other
countries with comparable climatic conditions and subnational
administrative structures, supporting the design of localized energy

policies.
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