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Why Are Peak Loads Observed during
Winter Months in Korea?

By JEE YOUNG KM, HYUNGNA OH, AND KYUNG-MEE CHoI™

Since 2009, electricity consumption has developed a unique seasonal
pattern in South Korea. Winter loads have sharply increased, and they
eventually exceeded summer peaks. This trend reversal distinguishes
these load patterns from those in the USA and the EU, where annual
peaks are observed during the summer months. Using Levenes test,
we show statistical evidence of a rise in temperature but a decrease in
variance over time regardless of the season. Despite the overall
increase in the temperature, regardless of the season there should be
another cause of the increased demand for electricity in winter. With
the present study using data from 1991 to 2012, we provide empirical
evidence that relatively low electricity prices regulated by the
government have contributed significantly to the rapid upward change
in electricity consumption, specifically during the winter months in the
commercial sector in Korea.
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I. Introduction

limate change affects societies and natural ecosystems in different ways, and

these effects influence human behavior and economic performance as people
adapt to climate change (De Cian et al., 2013). Electricity generation is also
significantly influenced by climate change, as cooling and heating are significant
quantities of electricity loads in most advanced economies. A statistical link
between temperature changes and electricity consumption has been tested for the
UK (Henley and Peirson, 1998), Norway (Vaage, 2000), China (Asadoorian et al.,
2006), the USA (Mansur et al., 2008; Zarnikau, 2003), and South Korea (Kim er al.,
2016). Initially, we aimed to evaluate the impact of weather variations on
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electricity consumption in South Korea (henceforth Korea). In summarizing the
data, we find that winter loads increased by 7.83 percent annually during 1991-
2012, greater than the annual growth rate of summer loads (7.17 percent). This
implies that the rapid increase in electricity consumption is not solely attributed to
weather changes, as the rise in the temperature is observed not only in the summer
months but also during the winter months. Thus, we conducted a closer
investigation to find other driving forces that could cause a sharp rise in winter
loads. From our empirical analysis, we find that the main drivers accelerating
electricity demand are changes in the temperature and the relatively low electricity
prices compared to substitute fuel prices in Korea. This influences winter loads
more than summer loads considering that there are no substitute fuels for cooling
whereas some substitute fuels do exist with regard to heating in winter. As
electricity becomes less expensive, people heat their homes and workplaces using
electricity. Consequently, due to the low opportunity cost of electricity, winter
loads increased more than summer loads during the sample period, although
winters are getting warmer in Korea. Of course, summer loads are also increasing
due to temperature changes associated with global warming.

The increase in the demand for electricity caused by the relative price disparity
can be an environmental problem because Korea’s electricity production relies on
thermal power generation, which represents 66.7 percent of all electricity generated
as of 2014. The generation structure causes harmful gas emissions, including
carbon dioxide (CO,) and PM10 microparticles due to the burning of fossil fuels to
generate electricity.

Data from various sources are employed in this study, including monthly
temperature data during the period of 1991-2012 from the Korea Meteorological
Administration, electricity consumption by sector from the Korea Energy
Economics Institute (Korea Energy Statistics Information System), sector-specific
electricity and gas prices (henceforth, natural gas prices) from the Korea Power
Exchange (Electric Power Statistics Information System), and social and economic
data from Statistics Korea (Korea Statistics Information Service).

The remainder of the paper is organized as follows. Section 2 illustrates the
characteristics of electricity loads and prices in Korea and tests whether or not a
significant weather change which increased the winter load occurred. Section 3
explains the assessment model, and the estimation results are presented in Section
4. Finally, Section 5 concludes this study and presents policy implications.

II. Weather Change and Electricity Demand in Korea

A. Unique Seasonal Pattern of Electricity Loads in Korea

In line with the steady economic growth of the country over the past few
decades, electricity consumption in Korea has also increased (see Figure 1). From
1991 to 2012, total electricity consumption grew at an annual growth rate of
7.39%. It is important to note that all of the growth rates exceeded the GDP rate
(4.37%).

On the other hand, it is of interest to observe that annual peaks in the total



VOL. 41 NO. 1 Why Are Peak Loads Observed during Winter Months in Korea? 45

demand were observed in summer months in the past but more recently have
occurred during the winter months." Figures 2 and 3 show that a trend reversal in
the peak load has occurred since 2009 and that monthly electricity demand had the
highest electricity loads during the winters of the years 2011 and 2012 compared to
previous years (1991 and 1992). This seasonal pattern is unique because peak loads
are usually observed in summer months in most advanced economies with climatic
and economic conditions similar to those of Korea.

The economic literature provides possible drivers of electricity consumption.
These can include weather changes (Pardo et al., 2002; Madlener and Alt, 1996;
Parti and Parti, 1980; De Cian et al., 2013), changes in the relative prices between
electricity and its substitutes (Silk and Joutz, 1997; Crowley and Joutz, 2005),
increases in populations and/or numbers of households (Holtedahl and Joutz, 2004),
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FIGURE 1. TREND OF KOREA’S ELECTRICITY CONSUMPTION (1991-2012)

Source: Korea Electric Power Corporation.
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FIGURE 2. SEASONAL TREND REVERSAL OF PEAK LOADS (2001-2014)

Source: Electric Power Statistics Information System.

'"The annual growth rate of average winter load during winter months was 7.83 percent from 1991 to 2012,
which was larger than that of the average summer load (7.17 percent). For more detailed information about growth

rates by sector, see Table 1.
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FIGURE 3. MONTHLY ELECTRICITY DEMAND (1991-1992 vs. 2011-2012)

Source: Korea Electric Power Corporation.

and structural transformations from primary industries to manufacturing sectors
and/or from less energy-intensive sectors to energy-intensive sectors (Lin et al.
2014); increases in income and demand for electronic instruments (Bose and
Shukla, 1999; Medlock and Soligo, 2001; Filippini and Pachauri, 2004). In the case
of Korea, existing studies of the factors pertaining to electricity demand mainly
deal with demand forecasting according to the climate and temperature and the
price effects on aggregate demand (Kim ef al., 2011; Kim et al., 2015). There are
few studies that attempt to quantify the effects of electricity prices and relative
prices on demand in the commercial sector.

B. Features of Electricity Load in the Commercial Sector

Although the overall peak demand during recent years has undergone a trend
reversal, as described in Section 2.A., the rate of consumption growth varies across
sectors. Electricity demand in the commercial sector has attracted our attention
owing to the rapid growth rates as well as the clear seasonal patterns that developed
in the early 2000s.

With regard to the annual growth rates of electricity loads in different sectors,
the highest is observed in the commercial sector (10.48%), while the rate for the
industrial sector stands at 6.59%. The residential sector records the lowest growth
rate of 5.79%. The commercial sector records the highest growth rates when the
rates are divided into summer months and winter months (11.57% for winter loads
and 9.80% for summer loads; see Table 1).

Consequently, the electricity consumption shares for the commercial sector
increased from 15.6% in 1991 to 28.3% in 2012 (see Figure 4). The industrial
sector’s proportion with reference to total electricity consumption was still highest
in 2012 (53.5%) but was lower than the 1991 level (62.5%). The residential sector
also shows a decrease in the consumption share, which stood at 13.6% compared to
the 1991 level (18.7%).

Figure 5 shows a clear seasonal pattern in the electricity demand in the
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TABLE 1—SUMMARY OF ELECTRICITY CONSUMPTION AND ANNUAL GROWTH RATES BY SECTOR

Mean(StD) Annual Growth Rate (%)
(Unit = 1,000KW) All Summer Winter
Total (293,1(11060) 7.39 7.17 7.83
Industrial Sector (1 42,325?) 6.59 6.51 6.76
Commercial Sector (gﬁgg) 10.48 9.80 11.57
Residential Sector (fﬁg) 579 5.83 5.93

Source: Author's own calculations; Korea Electric Power Corporation.
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FIGURE 4. ELECTRICITY CONSUMPTION SHARE BY SECTOR

Source: Korea Electric Power Corporation.
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FIGURE 5. SEASONAL TREND OF ELECTRICITY CONSUMPTION BY SECTOR (1991-92 vs. 2011-12)

Source: Korea Electric Power Corporation.
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commercial sector. The electricity load in the commercial sector had the highest
peak in summer in the earlier years of our sample period (1991 and 1992), but the
peak occurred in winter in more recent years (2011 and 2012). Meanwhile,
electricity consumption in the industrial sector does not show any seasonal
patterns. This figure implies that the trend reversal in the total demand is associated
with an apparent change in the trend of the commercial sector.

C. Testing Changes in Temperature with Daily Data from 1973 to 2012

Temperature changes may explain the recent peak loads during the winter
months. If winters have been getting colder over recent years compared the past,
the more recent lower temperatures may have increased the demand for power
during the winter months. A comparison between present and past temperatures is
conducted in this section.

The weather data employed in this paper are derived from a database maintained
by the Korea Meteorological Administration (KMA). Daily weather data is
available for an extended period, from 1972 to 2012, longer than the period for
electricity data (1991- 2012). Daily temperature records are compared over the
summertime (wintertime) between the most recent data years, 2003-2012, and the
earliest, 1973-1982.%

Table 2 presents a summary of the daily mean weather variations over the
summertime, i.e., from June to August, and the wintertime, from December of one
year through February of the next throughout the study period of interest. As
shown in the table, the daily mean temperatures appear to have increased by 0.67°C
and 0.57°C on average in wintertime and summertime, respectively, which may
reflect global warming.

The means and variances for the summer daily maximum temperature during the
two periods, denoted by Highest in Table 2, describe summer temperatures as
higher and the heat as more persistent for the recent period as compared to the past
because the recent summer mean is higher than that of the past. However, the order
is opposite for the variance. At the same time, the mean of the winter daily lowest
temperature, denoted by Lowest, is higher and the variance is smaller for recent
years than for the past. This means that the recent winter cold is less severe and
that

TABLE 2—WEATHER SUMMARY FOR THE PAST AND RECENT PERIODS (1973-1982 AND 2003-2012)

. .. . Standard Std. Error
Period Description N Mean (°C) Deviation Mean
Lowest 902 -6.7305 5.0374 0.1677
1973-1982 Highest 920 32.025 2.8299 0.0933
Lowest 903 -6.0637 4.5634 0.1519
2003-2012 Highest 920 32.5913 2.5371 0.0837

Note: The number for Lowest is smaller than the number for Highest because there are fewer days in February,
belonging to the Lowest category, compared to the other months.

Source: Korea Meteorological Administration (KMA).

*Weather records prior to 1973 are available but have very limited accuracy, with missing values. For this
reason, they are not analyzed here.
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TABLE 3—THE RESULT OF THE 7-TEST OF THE MEAN DIFFERENCE FOR THE PAST (1973-1982) AND
RECENT PERIOD (2003-2012)

Std. 95% Confidence

Levene’s Test for . Mean
: : Sig(2- . Error Interval of the
Equality Variances t DF . 1%((3 d) Differ- Differ- Difference
F Sig enee ence Lower  Upper
Lowest 1) 7.046 0.008* 2.947 1803 0.003* 0.667 0.226 0.223 1.111
2) 2.947 1785 0.003* 0.667 0.226 0.223 1.111
Highest 1) 10.826  0.001* 4.519 1838 0.000* 0.566 0.125 0.321 0.812
2) 4.519 1816 0.000* 0.566 0.125 0.321 0.812

Note: 1) Equal variances assumed, 2) Equal variances not assumed, 3) * Significant at a=0.05, 4) H,= for
equality of mean temperature.

there have been fewer extremely cold days in recent years compared to the past.
Winters have been less cold for consumers, and they have experienced warmer
temperatures in summer as well.

Using Levene’s test, we evaluate whether these differences are statistically
significant. The test results are summarized in Table 3. At the 5% significance
level, extreme weather events have significantly unequal variances over the two
decades of wintertime. This can be evidence explaining that the recent surge in the
demand for electricity in winter cannot be explained by temperature changes.
Hence, there should be other factors. Given the fact that consumers have
experienced winters which have been less cold, there should have been compelling
reasons for the change in behavior. We assume that there should be a change in the
choice of heating fuel by which to create electricity from other fuels.

D. Testing Monthly Temperature Data for our Sample Period (1991-2012)

Temperature is one of the important drivers of electricity consumption because
heating and cooling purposes account for a large share of end-use energy
consumption. Heating demand in winter accounts for 24% of the total demand, and
80% of the heating demand came from the commercial sector in 2011.°> Temperature
effects are asymmetric because higher temperatures decrease the demand for heating
and increase the demand for cooling at the same time. In order to adjust for this
asymmetry problem, heating degree days (HDD) and cooling degree days (CDD)
are widely used variables for testing climate change-driven effects in the electricity
demand model. The more extreme the temperature is, the higher the HDD or CDD
number becomes. A high HDD or CDD number represents higher corresponding
levels of heating and cooling demand associated with extreme temperatures.

In our electricity demand model proposed in Section 3, we trace the HDD and
CDD metrics for weather variables and include monthly summations of HDD and
CDD along with other monthly variables. These are defined below.

N N
(1) HDD =Y h, and CDD =Y. C,
i=1 i=1

*Ministry of Knowledge Economy (later, the Ministry of Trade, Industry and Energy), Press Release, January
12,2011 (http://www.motie.go.kr/motie/ne/rt/press/bbs/bbsView.do?bbs_seq_n=65872&bbs_cd_n=16).
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TABLE 4—DESCRIPTIVE STATISTICS OF HDD AND CDD

Variable Description Mean StD Annual Growth Rate (%)
HDD Monthly Sum of HDD 215.46 214.57 0.209
CDD Monthly sum of CDD 50.42 78.42 0.739

Source: Korea Meteorological Administration (KMA).

Here, h,=(1,-T, 0), ¢, =max(T; -1, 0), T, is the daily mean temperature
ofday i, 7,=18°C,and N is the number of days in a month.

Summary statistics for these two variables for 22 years from 1991 to 2012 are
shown in Table 4. During the sample period, the aggregate values of CDD
increased by 0.739 percent annually (from 577.41 in 1991 to 673.9 in 2012).
However, there was little change (0.209%) in HDD (yearly aggregates are 2,664.24
and 2,784.02 in 1991 and 2012, respectively).

While HDD remained relatively stable over the period, the increase in CDD
implies that electricity consumption is expected to increase more for cooling than
for heating during the same period. However, the annual growth rate for the average
winter loads during 1991- 2012 (7.83 percent) shows the opposite and exceeds the
growth rate of the average summer load by more than 0.6% (see Table 1).

E. Electricity Prices and Relative Prices to Competing Fuels

A loose relationship between electricity loads and weather variables (CDD and
HDD) indicates that there exist non-weather factors that drive the increase in
electricity consumption. In this paper, special attention has been paid to the effects
of electricity prices and the corresponding relative prices on electricity demand.
Retail electricity rates in Korea are supposed to reflect the various costs of serving
customers over a year or season (Braithwait et al., 2007). However, the actual
pricing practice in Korea is different. Due to the Price Stabilization Act in Korea,
which sought to stabilize consumer price levels and support price competitiveness
in the international market, retail electricity prices are regulated, and its cost
recovery rate has been lower than 1, as shown in Figure 6.

As addressed in Section 2.B., the surge in winter electricity demand was
observed in the commercial sector. When electricity prices are compared by sector,
the commercial sector price (in real terms) has considerably declined since 2000,
and the largest price gap between the residential and commercial sectors was
recorded from 2000 to 2010 (see Figure 7). This trend stands in contrast to that of
the energy consumption share by sector. The difference in the energy consumption
share by sector was smallest over the same period (see Figure 4).

A comparison of the electricity price versus the price of alternative fuels in the
commercial sector suggests a link between the relatively low costs of electricity
and the level of demand. Figure 8 presents the prices of electricity and natural gas
in the commercial sector from 1991 to 2012. Electricity prices continued to be
regulated at a stable level between 50 to 100 KRW/kWh during the same period.
However, natural gas prices continued to climb because the prices of other fuels are
determined by the market. Natural gas prices and electricity prices reversed around
1997. The seasonal trend reversal, as described in Figure 5 in Section 2.B., could
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be a result of a switch in the heating fuel choice from natural gas to electricity* by
the operators of commercial buildings.

*We propose the hypothesis which holds that due to the extremely low price of electricity and Korea’s
preference for floor heating, hot water mats and electric heating mats have become competitors in the heating

market.
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Therefore, our focus here is on the commercial sector, which experienced a
major increase in the consumption share and a price decline at the same time
during 1991 and 2012. We analyze the effects of price and the relative price of
electricity on consumption in the commercial sector in Section 3.

II1. Assessment Model

In this study, we established a model which estimates monthly electricity
consumption in the commercial sector during the years of 1991-2012. Our
estimation model is specified in equation (2), similar to Contreras, Smith, and
Fullerton (2011), who analyzed the impacts of weather variables, HDD and CDD,
on commercial electricity demand in the United States.

In Eit = :Bo + IBPE In Ez + IBPRPRix + ﬂPRWPR VVit + :BHHY In HHYit

2
O By HH, B W SH, % 5, DD, + oy CDD, + T, +e,
In equation (2), E represents the consumption of electricity in sector i at
time f. i is the commercial sector in this paper. HDD and CDD are heating
degree days and cooling degree days, respectively. In Contreras, Smith, and
Fullerton (2011) and in Denton, Mountain, and Spencer (2003), the statistical
impacts of the prices and the relative prices of electricity were evaluated.
Following them, we employ two price variables, the electricity price (P ) and the
price ratio of electricity to natural gas ( PR ).> PRW is the interaction term for PR

and heating degree days ( PR, X HDD, ), which measures the impact of the relative

price of electricity to natural gas on the heating load in winter.® In Korea, people
have stressed the importance of the price of electricity relative to that of natural gas
in wintertime. However, to the best of our knowledge, only a few empirical studies
have estimated its impact. Therefore, both PR and PRW are included in the
explanatory vector to calculate the impact of the price ratio between natural gas
and electricity in our study.

Fell et al. (2010) and Qiu (2014) argued that an instrumental variable approach
should be used to avoid the endogeneity bias associated with price variables. In the
present study, we ignore the endogeneity issue because electricity prices are pre-
determined in Korea by the government. We are not the first to use this strategy,
but some studies have ignored the potential price endogeneity issue (Newell and
Pizer 2008; Andrews and Krogmann 2009a; 2009b).

The inclusion of income variables is very common in the literature on electricity
consumption. To measure the income effect, we use household income (HHY ).

5 _ Electricity price

" Natural gas price
%0One way to measure winter demand (=heating demand) for electricity is to use a monthly dummy variable
indicating winter (December, January and February). However, considering that heating demand can occur in
November and March as well as in December, January and February, the HDD variable, a measure of the degree
of demand, is used to represent the relative price of heating demand in winter.
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TABLE 5—DESCRIPTIVE STATISTICS OF EXPLANATORY VARIABLES (1991-2012)

Variable Description Mean StD Annual Growth Rate (%)
Electricity Consumption in the

E Commercial Sector (Mwh/month) 6,266,154 3,328,256 10
Electricity Price in the
P Commercial Sector (KRW/kWh) 96.87 7.93 145
PR Price Ratio between Electricity and 0.88 035 0.052
Natural Gas
Price Ratio between Electricity and
PRW Natural Gas in Winter months 190.31 215.94 -0.049
Quarterly Household Income
HHY (Million KRW, Nominal) 2.76 0.95 717
HH Number of Households (Thousand) 14,882 1,920 2.12
Proportion of Single Person
SH Households (%) 0.16 0.05 4.76
HDD Monthly Sum of HDDs 215.46 214.57 0.209
CDD Monthly Sum of CDDs 50.42 78.42 0.739

Note: Electricity prices for commercial sector, converted with 2010 values.

Source: Bank of Korea; Statistics Korea; Korea Meteorological Administration (KMA).

HH and SH denote the numbers of households and the share of single person
households, respectively. These variables will capture the impact of changes in
household characteristics on electricity demand.

One factor driving the electricity load is the increase in the proportion of single-
person households. Many of these consumers live in commercial office buildings,
which are exempt from progressive taxes and allow residents to enjoy the modern
city lifestyle. A greater number of single-person households will mean a larger
number of commercial office buildings and higher per capita electricity
consumption. In Korea, the share of single households increased from 9% in 1991
to 24% in 2012, and this rate of growth has increased rapidly in recent years.

Lastly, T denotes the year, a trend variable, and &, is the disturbance term.’

The basic descriptive statistics are presented in Table 5.

IV. Results and Robustness Test

The estimation results are summarized in Table 6. A Prais-Winsten regression
(Prais and Winsten, 1954) is adopted to control for heteroscedasticity associated
with serially correlated errors. The Durbin-Watson statistic demonstrates that the
Prais-Winsten method successfully controls the AR (1) process of error terms.

As shown in column (1) in Table 6, when either CDD or HDD increases by
one unit, the electricity demand increases by 0.007 percent. As expected, summer
heat and winter cold, represented by CDD and HDD , increase the corresponding
levels of electricity demand.

"Variables representative building characteristics are employed in some studies. For example, Otsuka (2015)
analyzed the commercial sector using panel data for the period of 1990-2010 in Japan. He attributed the demand
of the commercial sector to an increase in commercial floor space and advances in office automation. Due to a
lack of relevant data, we cannot include these variables in equation (1).
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The estimated coefficient of InP,(f,,) represents price elasticity in the

commercial sector (-0.602). This indicates that the level of electricity demand is
price responsive in the commercial sector and that the price elasticity of electricity
demand is expected to be negative, as the law of demand dictates. This effect
should have no endogeneity bias (or simultaneity bias). The price of electricity in
Korea can be considered as exogenous because it is provided through regulated
fixed tariffs based on anticipated operation and fuel costs.

While f,, measures the own-price elasticity of demand when other things are
constant,® By indicates the cross-price elasticity, measuring the effect of relative

prices between natural gas and electricity. The results show that f,, s not
statistically significant. However, the relative price during the winter months has a
statistically significant negative effect on electricity demand ( £, =—0.00047 ).

The significant estimator implies that demand has been responsive to changes in

TABLE 6—RESULTS FROM ORDINARY LEAST SQUARE (OLS) AND PRAIS-WINSTEN ESTIMATION TESTS

Variable (1) OLS Estimation (2) Prais-Winsten Estimation
P -0.602%* -0.604%*
(0.236) (0.245)
0.119 0.122
PR (0.142) (0.146)
-0.00047%%* -0.0005%**
PRV (0.00014) (0.0001)
0.399% 0.386*
In HHY (0.219) (0.226)
11.834%%x 11.889%+*
In HH (1.376) (1.423)
0.773 0.782
SH 0.972) (1.008)
0.0007%%* 0.0007%*
HDD (0.0001) (0.0001)
0.0007%%* 0.0007%**
¢pb (0.0002) (0.0002)
Year -0.193%x -0.193%%x
ea (0.024) (0.025)
Intercent 203.029%%%* 202.971%%*
P (35.238) (36.533)
# of observation 264 264
Adjusted R? 0.938 0.932
Rho 0.0406
Original DW statistic 1.919
Adjusted DW Statistic 2.001

Note: Robust standard errors in parentheses; *** p<0.01, ** p<0.05, *p<0.1.

8In general, the elasticity of demand for a product describes what happens when the price of the product
changes, holding constant the prices of all other products.
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relative fuel prices in winter months and the negative sign indicates that the level of
demand increases when the electricity price is relatively low compared to that of
natural gas in the winter months. These findings support our assumption that the
peak demand during the winter months in Korea can be attributed to the price
difference between electricity and its substitutes.

On the other hand, the total price effect has two components: (i) the (direct)

absolute effect (BPE ), and (ii) the (indirect) relative effect with respect to the prices
of competing products, ( ,BPR + ,[;’PRW X HDD )XPR , when the partial derivative of

the electricity price is given by BPE +( ﬁA’PR + lgPRW x HDD )xPR .° Table 7 shows

the change in the total price effect on the two periods before and after 2002. As the
price of electricity relative to that of natural gas decreased in the second period,"
the total price effect decreased from 0.72 to 0.66 during the same period. This
result demonstrates the importance of relative energy prices in determining
electricity demand. In Korea, the retail price of natural gas is regulated by local
governments, but wholesale prices supplied by the Korea Gas Corporation reflect
the international fuel price through the mechanism of fuel-electricity price linkage.
On the other hand, the linkage mechanism has scarcely been implemented in
determining the price of electricity. The electricity price is a major component of
price-stabilization measures that have taken up a higher position than the fuel-
electricity price linkage mechanism in Korea’s policy domain. As a result, the
difference between the two prices has increased, as described in Figure 8.

We also found that the increase in the number of households has increased the
demand for electricity by 11.83 percent ( HH ). Electricity consumption becomes
larger with an increase in household income ( HHY ) by nearly 0.4 percent. Other
characteristic variables such as the share by single person households (SH ) are not
statistically significant in this study.

Because the unit root and the spurious regression problem have been accounted
for in times series data of electricity consumption, unit root tests are performed to
check for non-stationary behavior. The well-known standard ADF (Augmented-
Dickey-Fuller) test is applied in this study. The T-test statistic for the lagged value
of commercial electricity consumption is -3.084 and the p-value is 0.0277. Because
the test statistic is smaller than the critical value of the confidence level at 5%

TABLE 7—TOTAL PRICE ELASTICITY OF ELECTRICITY DURING TWwO PERIODS (1991-2001 vs. 2002-2012)

Mean Values Total Price Elasticity
Period Winter Months Non-Winter Months
HDD PR
Value 95% Confidence Level Value 95% Confidence Level
1991-2001 216.3 1.1802  -0.7220 [-0.9107, -0.2523] -0.6020 [-0.7907, -0.1323]
2002-2012 215.6 0.5848  -0.6613 [-0.7548, -0.4285] -0.6020 [-0.6955, -0.3692]

°A partial derivative of the electricity price can be derived from equation (2) in Section 3. In non-winter
months (when HDD=0), BPR + BPRW x HDD will be IBPR.

""The relative price is greater than one in the first period and less than one in the second period.
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(-2.879), electricity demand in the commercial sector allows us to reject the unit
root null hypothesis at the 5% significance level, meaning that electricity demand
in the commercial sector is stationary in Korea.

V. Conclusion

Given the global interest in climate change, the impacts of weather variations on
electricity demand and greenhouse gas (GHG) emissions have been discussed in
many countries. At the Paris meeting in 2015 (COP21), Korea reset the target for
its GHG emissions, targeting a 37 percent change from the business-as-usual
(BAU) measure by 2030. To achieve this reduction, demand management in the
power sector is a must given that the proportion of the power sector emissions to
those at the national level exceeded 40 percent in 2013. However, electricity
demand in Korea has increased over time and a reduction in GHG emissions by the
power sector appears to be a mere hope that can never be reached.

In the present study, we investigate factors that cause increments in load levels
and test whether or not electricity policies, specifically the price policy, are set to
comply with Korea’s mitigation target. Using statistical tests, we provide empirical
evidence that temperatures have increased over time in Korea. When we take the
temperature impact on electricity demand into account, the winter load for heating
should have decreased while the summer demand for cooling should have
increased. Opposite to this expectation, the winter demand level has dramatically
increased over time.

Few empirical studies have investigated the impacts of climate change and price
variation on electricity demand levels in Korea. We attempt to fill this gap in the
literature by employing an econometric model and quantifying both the effects of
weather variations in terms of temperature and price factors on the demand for
electricity. After controlling for the effects of GDP growth and changes in
populations and family types on electricity demand, we find statistically significant
contributions of temperature changes and electricity prices on electricity demand.
Our analysis finds that the consumption increase of electricity of the commercial
sector in wintertime is the result of relatively low electricity prices compared to the
prices of its substitute heating energy source, which is natural gas.

Our empirical finding calls for a policy change regarding electricity prices to
achieve the GHG reduction goals announced by the international society.
Furthermore, relative prices are likely to have an impact on summer electricity
demand, as well as winter electricity demand, in the future because there is no
adequate alternative fuel source for cooling demand in summertime. There is a
high possibility of summer peaks arising with abnormal increases in both
temperature and income levels. This conclusion stresses the importance of the
relative prices of energy sources contributing to the mitigation of GHG emissions
in the future.
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