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Abstract: The energy consumption of Korea’s manufacturing sector has sharply increased over the
past 20 years. This paper decomposes the factors influencing energy consumption in this sector using
the logarithmic mean Divisia index (LMDI) method and analyzes the specific characteristics of energy
consumption from 1991 to 2011. The analysis reveals that the activity effect played a major role in
increasing energy consumption. While the structure and intensity effects contributed to the reduction
in energy consumption, the structure effect was greater than the intensity effect. Over the periods, the
effects moved in opposite directions; that is, the structure effect decreased when the intensity effect
increased and vice versa. The energy consumption by each industry is decomposed into two factors,
activity and intensity effects. The increase of energy consumption due to the activity effect is largest
in the petroleum and chemical industry, followed by the primary metal and non-ferrous industry,
and the fabricated metal industry. The decrease of energy consumption due to the intensity effect
is largest in the fabricated metal industry, followed by the primary metal and non-ferrous industry,
and the non-metallic industry. The energy consumption due to intensity effect in the petroleum and
chemical industry has risen. To save energy consumption more efficiently for addressing climate
change in this sector, industrial restructuring and industry-specific energy saving policies should
be introduced.

Keywords: energy consumption; energy intensity; logarithmic mean Divisia index
(LMDI) decomposition

1. Introduction

Energy efficiency is the most cost saving policy to address climate change. The International
Energy Agency (IEA) proposed a set of 25 policy recommendations geared towards energy efficiency
in different fields including industry. Such strategies are crucial to identifying gaps and achieving
CO2 reduction targets. On a top-down level, the IEA estimates that if the recommendations are
implemented, the benefits would be significant: the reduction in energy demand in 2010 represents
17% of the current annual worldwide energy consumption and 7.6 gigatonnes (Gt) of CO2 a year by
2030 could be avoided. This corresponds to almost 1.5 times the current annual CO2 emissionsof
the US.

In November 2009, Korea presented its mid-term greenhouse gas (GHG) emissions reduction
target which aimed at reducing its emissions by 30% below the business as usual (BAU) levels by 2020.
Further, Korea submitted the Intended Nationally Determined Contributions (INDC) to the UN in 2015
according to Paris Agreement. This INDC contains Korea’s new plans to reduce its GHG emissions by
37% from the BAU level by 2030.

In 2011, GHG emissions of the energy sector accounted for 86% of Korea’s total GHG emissions;
in particular, the GHG emissions of manufacturing sector accounted for 50% of the total energy sector
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emissions. Thus, the sustainable growth and GHG emission reduction target cannot be reached without
reasonable energy policy on manufacturing industry. The share of manufacturing sector in Korea’s
total final energy consumption has been increased steadily over the periods and the growth rate of
energy consumption in this sector surpassed the growth rate of total final energy consumption in
Korea. According to Korea Energy Statistics, the share of manufacturing sector in total final energy
consumption was 53.7% in 2011, whereas the share was 46.6% in 1991. The energy consumption of
manufacturing sector has increased an annual average growth rate of 5.35% from 1991 to 2011, whereas
Korea’s total final energy consumption has increased by an annual average growth rate of 4.60% over
the same period. In particular, energy consumption of the fabricated metal industry, and the petroleum
and chemical industry grew by an annual average of 7.59% and 7.63%, respectively, which is higher
than the average growth rate of manufacturing sector.

Several efforts have been made to improve energy intensity in the manufacturing sector.
Specifically, in 2012, the Korean government introduced the “Greenhouse Gas and Energy Target
Management Scheme” to manage the demand for energy consumption in the industrial sector.
This scheme imposes energy saving targets on large-scale facilities that emit a substantial quantity of
greenhouse gases and consume a high level of energy. Most of the energy-intensive manufacturing
industry falls under this scheme. The proportion of energy-intensive industries in Korea is particularly
high compare to other countries. Moreover, the structural characteristics of these industries are likely
to have a significant impact on energy consumption patterns in the manufacturing sector, which itself
has a unique structure. However, the goal of this target is insignificant, and is insufficient to meet the
GHG reduction target. Thus, it is difficult to establish a reasonable energy policy to address climate
change in the long run without an accurate analysis of the characteristics of energy consumption in
this sector.

The popular decomposition methods can be divided into two parts; the Laspeyres and Divisia
indexes. The logarithmic mean Divisia index (LMDI) method, which is one of Divisia Indexes,
has been largely preferred because of its advantages in meeting the factor-reversal test as well as
leaving no unexplained residual. LMDI methods can be grouped into either additive or multiplicative
decomposition. The former, introduced in Ang et al. [1], decomposes the difference in the amount
yielded at two points in time, while the latter, suggested in Ang and Liu [2], decomposes the ratio
of change with respect to the base year. Both methods are applied to the decomposition analysis
inthis paper.

Many recent studies on the characteristics of energy consumption used logarithmic mean Divisia
index (LMDI) factor decomposition analysis. These studies include Lee and Oh [3], Han and Shin [4],
Liu et al. [5], Zhao et al. [6], Oh et al. [7], Zhang et al. [8], Baležentis et al. [9], Wang et al. [10],
Xu et al. [11], Xu et al. [12], Tian et al. [13], Jeong and Kim [14], González et al. [15,16], Ren et al. [17],
Wang et al. [18], and Lin and Long [19]. Among these, Baležentis et al. [9], Zhang et al. [8], Lin and
Long [19], González et al. [15] and Wang et al. [18] focused on the analysis of energy consumption.
Wang et al. [18] presented a new LMDI method and analyzed China’s energy consumption for the
period from 1991 to 2011 on the basis of five effects: investment, energy intensity, economic structure,
energy mix, and labor effects. They found that the energy intensity effect played a dominant role
in decreasing energy consumption. González et al. [15] analyzed the factors underlying changes in
aggregate energy consumption for the period from 2001 to 2008 at three levels in EU-27 using LMDI.
They found that improvements in energy efficiency were not enough to overcome the pressure of
European economic activity on aggregate energy consumption. Baležentis et al. [9] explored energy
intensity trends in the Lithuanian economy and in separate economic sectors from 1995 to 2009 and
decomposed energy consumption on the basis of LMDI into three effects—production, structure, and
intensity effects—as presented by Ang [20]. He found that energy efficiency falls during an economic
downturn and suggested policy measures to improve energy intensity in Lithuania. Lin and Long [19]
adopted the factor decomposition and the Engle–Granger cointegration methods to investigate the
factors influencing fossil energy consumption in China’s chemical industry and measured the saving
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potential of fossil fuel. The study suggested that the influencing factors can be divided into positive
driving factors (labor productivity and sector scale) and negative driving factors (energy intensity
and structure). Zhang et al. [8] identified a relationship between transportation energy consumption
and the factors it affects. They found that the production effect is the most important contributor to
increasing energy consumption, while the intensity effect plays a dominant role in decreasing it.

Some studies also conducted a factor decomposition analysis on the characteristics of GHG
emissions. Research that focuses on particular industries includes Jeong and Kim [14], Ren et al. [17],
Xu et al. [11], Zhao et al. [6], and Tian et al. [13]. Jeong and Kim [14] analyzed GHG emissions in
Korea’s manufacturing sector, while Ren et al. [17] examined those in China’s manufacturing industry.
Xu et al. [11] studied CO2 emissions in China’s cement industry. Zhao et al. [6] decomposed the factors
influencing industrial carbon emissions in Shanghai using the LMDI method. Tian et al. [13] analyzed
energy-related GHG emissions in China’s iron and steel industry.

Studies that have conducted LMDI decomposition analyses specifically in the context of
South Korea include Jeong and Kim [14], Jin and Hwang [21,22], Na and Lee [23], and Oh et al. [7].
Jin and Hwang [22], Oh et al. [7], and Jeong and Kim [14] analyzed GHG emissions in Korea.
On the other hand, Jin and Hwang [21], and Na and Lee [23] examined energy consumption,
particularly the characteristics of energy consumption in local regions. They divided Korea into
16 local autonomous regions and conducted a time series analysis for the period of 1990–2006.
They decomposed the energy consumption of local regions into energy source unit, production per
capita, and population. Na and Lee [23] extended the LMDI factor decomposition of industrial sectors
by adding an econometric model; however, they limited their LMDI analysis to the decomposition
of additive factors and adopted a rolling base year instead of a fixed one. More recently, Jeong and
Kim [14] decomposed, both multiplicatively and additively, GHG emissions from Korea’s industrial
manufacturing into five factors using the LMDI method but focused on GHG emissions.

Although the previous studies in Korea adopted the LMDI method, they each considered slightly
different factors. In addition, only Jin and Hwang [21,22], Na and Lee [23], and Jeong and Kim [14]
conducted a time series analysis which indicates cumulative year-by-year trends of each effect.
Furthermore, most studies used only additive methods rather than multiplicative factor decomposition
methods, except Jeong and Kim [14].

This study decomposes the factors that influence energy consumption in the manufacturing
sector which has never been analyzed in the previous literature using the LMDI method, and also
aims to analyze the specific characteristics of energy consumption by industry over the past 20 years
from 1991 to 2011. Furthermore, this paper use not only with additive LMDI methods but also
multiplicative methods to see which factor influences on energy consumption. In particular, it provides
implications for effective energy-saving measures and policies based on this factor decomposition
on energy consumption in the manufacturing sector. This decomposition of the factors is mainly
associated with the activity, structure, and intensity effects. This paper also decomposes the factors for
the energy consumption of each industry, into two factors, activity and intensity effects and determines
the effect that had the most impact on the increase in energy consumption and which industry’s energy
intensity is most improved by this factor decomposition.

The remainder of this paper is organized as follows. Section 2 presents the LMDI decomposition
analysis method and explains the data used. In addition, it elaborates on Korea’s manufacturing sector
in terms of energy consumption and the factors affecting it. Section 3 presents the results for the LMDI
factor decomposition analysis on energy consumption in Korea’s manufacturing sector. Section 4
concludes the paper and suggests policy implications.

2. Materials and Methods

This study analyzes the characteristics of energy consumption in Korea’s manufacturing sector
using data for the period from 1991 to 2011. This study is restricted to the manufacturing industry
because the well-established energy-related data for each sector make it easy to analyze the effects
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of industrial restructuring. The main analysis method adopted is the LMDI, which uses the Divisia
index and logarithmic mean weighted value to decompose energy consumption. It also has the benefit
of leaving no residual results after decomposition. Furthermore, the method is known to be better
than others in terms of its theoretical basis and applicability as well as the convenience it offers in
analyzing results.

To do so, it adopts the LMDI decomposition analysis developed by Boyd et al. [24], Liu et al. [25],
Ang and Lee [26], Ang and Choi [27], Ang et al. [1], Ang and Liu [2], and Ang et al. [28]. In particular,
Ang [29] compared various index decomposition analysis methods and concluded that the LMDI
method is the preferred method because it satisfies the factor reversal test and tackles unexplainable
residuals in the results. Ang [20] also provided a practical guide that included the general formulation
process and summary tables for easy reference.

In line with Ang [20,29], and Ang et al. [30], this paper analyzes the characteristics of energy
consumption based on the activity, intensity, and industrial structure effect. Note that in this study,
an additive as well as a multiplicative factor decomposition analysis were conducted. The additive
decomposition analysis estimates absolute changes in energy consumption, while the multiplicative
decomposition analysis measures relative changes. Thus, both methods are useful in interpreting the
factors. According to the interpretation of Ang [20], in some cases, additive factor decomposition
can take priority over multiplicative factor decomposition. In other cases, the opposite can be more
appropriate. Which method we should choose depends on which is more useful in interpreting the
results and identifying sectors that should be focused on when implementing future policies, such
as those related to energy saving. In addition, the activity and intensity effects for each industrial
sector were analyzed separately to determine how factors in each sector affect the structure of the
manufacturing sector as a whole.

As mentioned earlier, the changes in total energy consumption in the manufacturing industry
were decomposed based on three elements. The first element is the activity effect, in which energy
consumption increases with an increase in production (Q). The second element is the industrial
structure effect, which describes the changes in total energy consumption as the proportion of each
industry in total production changes (Qi/Q). It implies that an increase or decrease in the relative
size of sectors can affect the energy consumption of the manufacturing sector. The third element is
the intensity effect, which is caused by an improvement in the proportion (Ei/Qi) of energy used for
production in industry i.

E = ∑
i

Ei = ∑
i

Q
Qi
Q

Ei
Qi

= ∑
i

QSi Ii, (1)

where,

E: Energy consumption by the manufacturing sector
Ei: Energy consumption of industry i
Q: Production in the manufacturing sector
Qi : Production in industry i
Si : Proportion of industry i in the total production of the manufacturing sector
Ii : Energy intensity of industry i

The structural formula for the LMDI multiplicative factor decomposition analysis used in
this research is adopted from Ang [20] and presented in Equation (2). In a multiplicative factor
decomposition, the increase in energy consumption from period 0 to T can be decomposed on the
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basis of the activity effect (Dact), structure effect (Dstr), and intensity effect (Dins). Therefore, the total
increase (Dtot) is calculated by multiplying the rates of each individual effect.

Dtot =
ET

E0 = DactDstrDins

Dact = exp
(

∑i
(ET

i −E0
i )(lnET

i −lnE0
i )

(ET−E0)(lnET−lnE0)
ln
(

QT

Q0

))
Dstr = exp

(
∑i

(ET
i −E0

i )(lnET
i −lnE0

i )
(ET−E0)(lnET−lnE0)

ln
(

ST
i

S0
i

))
Dins = exp

(
∑i

(ET
i −E0

i )(lnET
i −lnE0

i )
(ET−E0)(lnET−lnE0)

ln
(

IT
i

I0
i

)) (2)

The structural formula for the LMDI additive factor decomposition analysis is shown in
Equation (3). Here, the increase in energy consumption from period 0 to T is also decomposed
as per the activity effect (Eact), structure effect (Estr), and intensity effect (Eins). To obtain the change in
total energy consumption (∆Etot), the changes caused by each individual effect are added.

∆Etot = ET − E0 = ∆Eact + ∆Estr + ∆Eins

∆Eact = ∑i
ET

i −E0
i

lnET
i −lnE0

i
ln (QT

Q0 )

∆Estr = ∑i
ET

i −E0
i

lnET
i −lnE0

i
ln (

ST
i

S0
i
)

∆Eins = ∑i
ET

i −E0
i

lnET
i −lnE0

i
ln (

IT
i

I0
i
)

(3)

The structural formulae of the multiplicative and additive factor decomposition have a simple
but useful theoretical relationship with each other, as shown in Equation (4):

∆Etot

lnDtot
=

∆Eact

lnDact
=

∆Estr

lnDstr
=

∆Eins
lnDins

(4)

The present research is confined to manufacturing industry because the energy consumption
data in this industry have been compiled consistently. The data include the energy consumption,
production, and producer prices of each industry in the manufacturing sector. The businesses in the
manufacturing industry are classified into nine industries, as presented in the Korea Energy Economics
Institute (KEEI)’s Yearbook of Energy Statistics [31]: food and tobacco, textile and apparel, wood and
wood products, pulp and publications, petroleum and chemical, non-metallic, primary and nonferrous
metal, fabricated metal, and other manufacturing industries (Table 1).

Table 1. Data used in the LMDI decomposition analysis.

Data List Source Note

Energy consumption level by industry Yearbook of Energy Statistics [31] 1000 tonne of oil equivalent

Production level by industry Report on Mining and
Manufacturing Survey [32] Constant price (base year 2005)

Producer prices by industry Report on Mining and
Manufacturing Survey [32] Producer’s prices

Table 1 presents the data for energy consumption by industry from the KEEI Yearbook of Energy
Statistics [31]. The production-level data by industry were adopted from the Report on Mining and
Manufacturing Survey of Korean Statistical Information Service (KOSIS) [32]. Data from the eighth
revision of the report were used for the period from 1991 to 1998, and data from the ninth revision
were used for 1999 onward. The production data for each industry were calculated as per the 2010
constant prices, again reflecting the producer prices by industry.
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Table 2 presents the changes in energy consumption, production, and energy intensity in the
Korean manufacturing sector for the period from 1991 to 2011, which are further subdivided for each
industry. Note that they are all related directly to the factor analysis.

Table 2. The change in energy consumption by industry in Korea’s manufacturing sector (1991–2011).

Energy Consumption Industrial Production
Energy

IntensityAnnual Average
Change Rate

Total Change
Rate

Annual Average
Change Rate

Total Change
Rate

Food and Tobacco 0.87 18.85 2.01 49.03 −20.25
Textile and Clothing −0.90 −16.46 0.60 12.78 −25.93

Wood and Wood Products 1.56 36.28 −0.30 −5.80 44.66
Pulp and Publications 0.75 16.01 1.37 31.21 −11.58

Petroleum and Chemical 7.63 334.99 6.62 260.06 20.81
Non-metallic 0.34 6.94 4.13 124.67 −52.40

Primary metal and Non-ferrous 4.66 148.81 5.82 209.83 −19.69
Fabricated Metal 7.59 331.96 14.21 1326.34 −69.72

Other Manufacturing 4.57 144.36 3.31 91.73 27.45
The Overall Manufacturing Industry 5.35 183.33 7.72 342.58 −35.98

Data: The Yearbook of Energy Statistics for each year [31]; the Report on Mining and Manufacturing Survey for each
year [32]. Note: Industrial production is based on 2010 constant prices. Unit: %.

The overall manufacturing sector indicated an average annual increase of 5.35% in energy
consumption, with a total change of 183.33%. In terms of the average annual increase by industry, the
petroleum and chemical industry indicated the highest rate of 7.63%, followed by the fabricated metal
industry with 7.59%. Other manufacturing industry and the primary and nonferrous metal industry
increased by 4.57% and 4.66% per year. These average annual increases resulted in the following
total changes. Between 1991 and 2011, energy consumption increased by 334.90% in the petroleum
and chemical industry, 331.96% in the fabricated metal industry, and 144.36% in other manufacturing
industry. However, energy consumption of the textile and apparel industry decreased by 0.90% per
annum, resulting in an overall decrease of 16.46%.

The average annual increasing rate in production of the overall manufacturing industry was
7.72%, resulting in a total change of 342.58%. Therefore, it is estimated that the production increase
in the manufacturing industry strongly influenced the increase in energy consumption. By industry,
fabricated metal showed an average annual increase of 14.21%, with a total change of 1326.34%. Next,
the petroleum and chemical industry showed an average annual increase of 6.62%, with a total change
of 260.06%. Finally, the primary and nonferrous metal industry showed an average annual increase of
5.82%, with a total change of 209.83%.

The energy intensity of the overall manufacturing sector has decreased by 35.98%. In particular,
fabricated metal indicated the largest decrease. Other industries that recorded a decrease include the
nonmetallic, primary and nonferrous metal, food and tobacco, textile and clothing, and pulp and
publications industries. By contrast, wood and wood products, petroleum and chemical, and other
manufacturing industries indicated an increase in energy intensity.

Figure 1 shows the proportion of changes in energy consumption for each industry in Korea’s
manufacturing sector for the period of 1991–2011. Petroleum and chemical accounted for the largest
share of energy consumption, followed by primary and nonferrous metal, fabricated metal, and
non-metallic. By 2011, petroleum and chemical and primary and nonferrous metal accounted for
52.01% and 24.55% of the total energy consumption by the manufacturing sector, which is a total
of 76.56%.
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Figure 1. Energy Consumption Proportion changes of each industry in Korea’s manufacturing industry
(1991–2011). Unit: %.

Figure 2 depicts the structure of Korea’s manufacturing sector for production. The most
remarkable change is the rapid increase in the proportion of fabricated metal, caused by the exponential
growth in Korea’s electronics and auto industries. The second noteworthy change is the decrease in
the proportion of the petroleum and chemical industry. It is because that the share of fabricated metal
in manufacturing production has been rapidly increased over the years. The annual growth rate of
Petroleum and chemical industry was 6.62%, whereas the rate of fabricated metal industry was 14.21%
(See Table 2). In addition, the proportion of Korea’s textile and clothing industry significantly decreased
and became less competitive owing to increased wages, China’s reforms and open market policy, and
the economic growth in Southeast Asia. Furthermore, the proportion of the pulp and publications and
the food and tobacco industries also decreased and that of primary and nonferrous metal industry,
which is a typical energy-intensive industry, and the non-metallic industry, with cement as its main
industry, also decreased to an extent. Evidently, Korea’s industries in manufacturing sector have been
gradually restructured over the past 21 years.
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A comparison of Figures 1 and 2 reveals certain differences between energy consumption and
production structures. The petroleum and chemical industry accounted for the largest proportion of
energy consumption but is followed by the fabricated metal industry in the proportion in production
for 2011. The fabricated metal industry accounts for the largest share of production, but is followed
by the petroleum and chemical and primary and non-ferrous metal industries in terms of energy
consumption. In other words, energy intensity varies by industry, and the industrial structure has
undergone several changes over the past 20 years. The LMDI analysis suggests that these changes may
have resulted from changes in the structure, intensity, and activity effects.

3. Results

In general, the results of the factor decomposition use the indicators for the base and closing years.
This has an advantage of not requiring large volumes of data, but is prone to interpretational errors
when there are large discontinuities in the indicators. On the other hand, a time series analysis has the
advantage of providing information by year as well as reducing the number of interpretational errors,
even in the presence of large discontinuities. Thus, this study presents the results of the decomposition
analysis based on the rolling base years to reveal and quantify the factors underlying the changes and
decomposes it on the basis of the three effects: activity, structure, and intensity effect.

Table 3 presents the results of an additive LMDI factor decomposition analysis for energy
consumption in the manufacturing sector by rolling base year. It indicates that energy consumption
by the manufacturing sector in 2011 increased by 8874 thousand tonne of oil equivalent (TOE) as
compared to 2010. As for the decomposition, energy consumption increased by 10,411 thousand TOE
due to the activity effect and reduced by 41 and 1496 thousand TOE, respectively, due to under the
structure and intensity effect. Therefore, from 2000 to 2011, the activity effect played a significant
role in increasing energy consumption, whereas the intensity and structure effect decreased energy
consumption in Korea’s manufacturing sector. In 1998, 2007, and 2009, the energy consumption by the
manufacturing sector decreased in comparison to their respective previous years. In 1997–1998, energy
consumption due to the activity effect reduced by 9263 thousand TOE, whereas the structure and
intensity effects increased energy consumption. However, in 2006–2007, the activity effect increased
energy consumption, while the structure and intensity effect played a role in reducing it. In 2006–2007,
as energy consumption resulting from the two effects (structure and intensity effect) exceeded that
due to the activity effect, the overall energy consumption decreased in comparison to that in the
previous year. In 2008–2009, the structure effect contributed to the reduction of energy consumption;
whereas the activity and intensity effect increased energy consumption. However, the overall energy
consumption decreased compared to that in the previous year since the consumption under the
structure effects exceeds that under the activity and intensity effect. Therefore, the production decline
contributed to the reduction of energy consumption in 1997–1998, whereas the improvement in energy
intensity in 2006–2007, and the changes in industrial structure in 2008–2009 contributed to lower energy
consumption. Production in manufacturing declined significantly in 1997–1998, but in 2006–2007
and 2008–2009, production growth rate slowed but production did not decline. This is why the
activity effect shows a huge negative in 1997–1998 while shows positive in 2006–2007 and 2008–2009.
Excluding these three periods, the contribution of the activity effect exceeds those of the structure and
intensity effect; particularly, the activity effect contributed the increase of energy consumption in the
manufacturing sector.
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Table 3. Results of the additive logarithmic mean Divisia index (LMDI) factor decomposition analysis
of energy consumption in the manufacturing sector (rolling base year). Unit: thousand tonne of oil
equivalent (TOE).

Period Activity Effect Structure Effect Intensity Effect Total Effect

1991–1992 3755 180 3310 7244
1992–1993 4814 222 −437 4599
1993–1994 6359 −155 −2214 3991
1994–1995 7298 −459 −4101 2738
1995–1996 5048 −474 −235 4339
1996–1997 4103 −307 5629 9425
1997–1998 −9263 469 7856 −939
1998–1999 5013 −2360 785 3438
1999–2000 10,516 −1343 −5480 3694
2000–2001 3757 −2317 −595 845
2001–2002 7172 −2853 −219 4100
2002–2003 4664 −3130 540 2075
2003–2004 8959 −2467 −4265 2227
2004–2005 4940 261 −3547 1654
2005–2006 6534 −2950 −925 2659
2006–2007 9155 −2291 −8086 −1222
2007–2008 7528 −1704 −2525 3299
2008–2009 833 −4096 2042 −1221
2009–2010 10,429 −2271 1623 9781
2010–2011 10,411 −41 −1496 8874
1991–2011 100,067 −19,519 −8949 71,599

Figure 3 depicts the results under each effect. The activity effect largely contributed to the increase
in energy consumption, except for in 1997–1998 owing to the 1997 Asian financial crisis. The structure
effect indicates positive values from 1991 to 1993. During this period, a large investment was made in
the petrochemical industry, resulting in the industry’s transition to energy-intensive industries. In other
words, the structure effect induced the increase of energy consumption in this period. After 1994,
the structure effect played a role in reducing energy consumption except in1997–1998 and 2004–2005,
although with scale is different over the periods. However, after 1999, energy consumption due to the
structure effect substantially reduced energy use because the industrial structure was transformed to
one with relatively low energy consumption industry—an example of the fabricated metal industry.

The energy consumption due to the intensity effect fluctuates across periods, depicting an
inconsistent pattern. However, the intensity effect indicates large negative values in 1999–2000 and
2006–2007. After the economic crisis, the energy intensity substantially improved.

The cumulative results of the additive factor decomposition during the entire periods are
given in the last low of Table 3. As compared to 1991, energy consumption in 2011 increased
by 71,599 thousand TOE, of which 100,067 thousand TOE increased due to the activity effect,
19,519 thousand TOE decreased due to the structure effect, and 8949 thousand TOE decreased due to the
intensity effect. Over the periods, the activity effect and intensity effect moved in opposite directions.
The activity effect decreased when the intensity effect increased and vice versa (see Figure 3).
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Figure 3. Each effect of Additive LMDI factor decomposition analysis for energy consumption in the
manufacturing sector. Unit: thousand TOE.

Our results indicate several characteristics of energy consumption in Korea’s manufacturing
sector. First, the increase in energy consumption in Korea’s manufacturing sector is largely caused
by the activity effect. By contrast, the structure and intensity effect play a role in reducing energy
consumption. However, the activity effect is much larger than the structure and intensity effects.
Therefore, energy consumption due to this total effect has gradually increased over time. The reduction
in energy consumption due to the structure effect is larger than that of the intensity effect for the period
from 1991 to 2011. The improvement in energy intensity of the overall manufacturing sector (Table 2)
is due to the intensity and structure effects.

Second, changes in the patterns of energy consumption are observed over time. The energy
consumption due to the activity effect temporarily slowed down around 1997 and 2008 because of
the Asian financial crisis and the global financial crisis respectively. Korea’s industrial production
also temporarily slowed down during these periods. The structure effect contributed to the decrease
in energy consumption between 1995 and 1997, but this decrease temporarily slowed down in 1998
because of the restructuring of Korea’s manufacturing sector under the International Monetary Fund
(IMF) management regime at that time. This period was characterized by large-scale industrial
restructuring, including the merger and acquisition of steel and auto companies, leading to unusual
production activities. From 1997 to 2004, the intensity effect increased energy consumption over the
periods; however, after 2005, both the structure and intensity effect contributed towards reducing
energy consumption. In particular, the decrease in energy consumption due to the intensity effect is
noticeable since 2006 and can be attributed to Korea’s attempts to improve energy intensity in the
industrial sector. In addition, the changes in the industrial structure since then have led to a rapidly
growing fabricated metal industry. This structural change, in turn, led to a significant reduction in
energy consumption. After 2009, the production and structure effect began to increase again, although
the intensity effect remains stagnant. This trend is expected to continue for the time being.

Table 4 indicates the results of the additive LMDI decomposition for energy consumption of
each industry from 1991 to 2011 and decomposes it into two factors, production and intensity
effects. The energy consumption of each industry is decomposed into the activity and intensity
effect because of the unavailability of subsector data for each industry in Korea’s manufacturing
sector, rendering it difficult to identify the structure effect in the decomposition for each industry.
The energy consumption data for Korea’s manufacturing sector is classified based on nine industries.
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Therefore, the decomposition equation by industry is as follows: Ei = Qi
Ei
Qi

= Qi Ii where Ei is energy
consumption of industry i, Qi is production of industry i, and Ii is energy intensity of industry i.

Table 4. Results of the additive LMDI factor decomposition analysis by industry (1991–2011). Unit:
thousand TOE.

Activity Effect Intensity Effect Total Effect

Food and Tobacco 624 −354 270
Textile and Clothing 272 −678 −406

Wood and Wood Products −12 73 61
Pulp and Publications 381 −173 208

Petroleum and Chemical 38,548 5689 44,237
Non-metallic 4304 −3947 357

Primary Metal and Non-Ferrous 21,151 −4102 17,048
Fabricated Metal 13,563 −6096 7467

Other Manufacturing 1716 640 2356

According to the results, the patterns of change resulting from the activity and intensity effects
differ by industry. The production effect of each industry by rolling base year is presented in Table A1
and the intensity effect of each industry by rolling base year is presented at Table A2. The production
and intensity effects are different for each industry. The increase of energy consumption by the
activity effect is largest in the petroleum and chemical industry, followed by the primary metal and
non-metallic industry, and the fabricated metal industry. The intensity effect shows negative values
in most industries that the intensity improved, except in wood and wood products and petroleum
and chemical. The decrease of energy consumption by intensity effect is largest in the fabricated
metal industry, followed by the primary metal and non-metallic industry. In other words, the energy
consumption by intensity effect in the petroleum and chemical industry has increased, which means
the energy intensity has deteriorated over years. These differences between the industries also play
an important role in determining the structure effect of the overall manufacturing sector. The factor
decomposition analysis indicates that energy consumption in energy-guzzling industries such as the
petroleum and chemical industry, and the primary and non-ferrous metal industry has been increased
by the activity effect. It contributed to the increase of energy consumption due to the structure effect.

Next, this study compares the results in Table 4 with those of the intensity effect in Table 2.
Energy intensity improved from 1991 to 2011 in the fabricated metal, primary and nonferrous metal,
non-metallic, and textile and clothing industries (Table 2). Further, energy savings as a result of the
intensity effect improved in the fabricated metal, non-metallic, primary and nonferrous metal, and
textile and clothing industries (Table 4). This means that the improvement of energy intensity in each
industry corresponds to energy savings. However, the improvement of energy intensity in the overall
manufacturing sector does not necessarily correspond to energy savings by the intensity effect because
the structure effect cannot be captured in the energy intensity in Table 2.

The results of the additive factor decomposition analysis allow the analysis of the absolute
increases and decreases in energy consumption. However, it is not easy to evaluate the relative
contribution of each factor. Nevertheless, it is possible to estimate and interpret the relative sizes in the
increase in energy consumption, but more specific values must be presented. Thus, this study also
presents the results of the multiplicative factor decomposition.

Table 5 and Figure 4 provide the multiplicative factor decomposition results of the increase in
energy consumption for each year in comparison to the corresponding previous year. For example, the
results from 2010 to 2011 can be interpreted as follows. Total effect is 1.0872, which means that energy
consumption increased by 8.72% in 2010–2011. As regards decomposition, it increased by 10.30%
due to the activity effect, and decreased by 1.4% due to the intensity effect and 0.0004% due to the
structure effect. The total effect can be calculated by multiplying the values of each individual effect.
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The value of the total effect is greater than one because the activity effect is larger than the intensity
and activity effects.

Table 5. Results of the multiplicative LMDI factor decomposition analysis of energy consumption in
the manufacturing sector (base year 1991).

Period Activity Effect Structure Effect Intensity Effect Total Effect

1991–1992 1.0922 1.0042 1.0808 1.1855
1992–1993 1.1042 1.0046 0.9910 1.0993
1993–1994 1.1278 0.9971 0.9590 1.0784
1994–1995 1.1385 0.9919 0.9297 1.0499
1995–1996 1.0881 0.9921 0.9961 1.0753
1996–1997 1.0636 0.9954 1.0882 1.1521
1997–1998 0.8776 1.0066 1.1171 0.9868
1998–1999 1.0719 0.9678 1.0109 1.0488
1999–2000 1.1490 0.9824 0.9302 1.0500
2000–2001 1.0493 0.9707 0.9924 1.0109
2001–2002 1.0932 0.9652 0.9973 1.0523
2002–2003 1.0574 0.9632 1.0065 1.0251
2003–2004 1.1102 0.9716 0.9515 1.0263
2004–2005 1.0580 1.0030 0.9603 1.0191
2005–2006 1.0755 0.9677 0.9898 1.0300
2006–2007 1.1064 0.9750 0.9146 0.9866
2007–2008 1.0857 0.9816 0.9728 1.0367
2008–2009 1.0090 0.9567 1.0223 0.9869
2009–2010 1.1138 0.9768 1.0169 1.1063
2010–2011 1.1030 0.9996 0.9860 1.0872
1991–2011 4.2867 0.7528 0.8779 2.8333
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Figure 4. Each effect of Multiplicative LMDI factor decomposition analysis for energy consumption in
the manufacturing sector. Unit: thousand TOE.

The overall effect from 1991 to 2011 is presented at the last row of Table 5. Activity effect
is 4.2867 and structure effect and intensity effect is 0.7528 and 0.8779, respectively. The values of
structure and intensity effects are less than one, which means that energy consumption reduced
due to these effects. Therefore, during the last 20 years, the activity effect played a major role in
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increasing the energy consumption and the structure and intensity effects played a role in decreasing
the energy consumption.

The multiplicative decomposition by industry is presented in Table 6. Table A3 presents the
production effect of each industry by rolling base year and Table A4 presents the intensity effect of
each industry by rolling base year. The analysis by industry was classified according to the activity
and intensity effects, indicating the different contributions of each industry. The industry with the
largest activity effect is the fabricated metal industry, followed by the petroleum and chemical, primary
and non-ferrous metal, and non-metallic industries. The industry with the largest contribution to
decreasing energy consumption due to the intensity effect is the fabricated metal industry, followed by
the primary and nonferrous metal and the textile and clothing industries. However, energy intensities
of the petroleum and chemical, and the wood and wood products industries have deteriorated over the
years. Moreover, the petroleum and chemical industry accounted for 52% of total energy consumption
of the manufacturing sector. The wood and wood products industry accounted for only 2.1% of total
energy consumption of manufacturing sector. Therefore, in particular, in order to improve the energy
intensity of the manufacturing industry, it is urgent to improve the energy intensity of the petroleum
and chemical industry.

Table 6. Results of the multiplicative LMDI factor decomposition analysis by industry (1991–2011).

Activity Effect Intensity Effect Total Effect

Food and Tobacco 1.4903 0.7975 1.1885
Textile and Clothing 1.1278 0.7407 0.8354

Wood and Wood Products 0.9420 1.4466 1.3628
Pulp and Publications 1.3121 0.8842 1.1601

Petroleum and Chemical 3.6006 1.2081 4.3499
Non-metallic 2.2467 0.4760 1.0694

Primary Metal and Non-Ferrous 3.0983 0.8031 2.4881
Fabricated Metal 14.2634 0.3028 4.3196

Other Manufacturing 1.9173 1.2745 2.4436

In comparing the results with those of the factor decomposition of Canada, presented in Ang
(2005), we see that the structure effect is much smaller in Korea than in Canada. Thus, the results of
multiplicative factor decompositions can also be useful in comparative analyses among countries.

4. Discussion and Conclusions

This study conducted the LMDI factor decomposition for Korea’s manufacturing sector for the
period from 1991 to 2011 and presented both the additive and multiplicative factor decomposition
analyses methods.

Our findings are as follows. First, the activity effect made the largest contribution to the increase
in energy consumption in Korea’s manufacturing sector, followed by the structure and energy intensity
effects. Second, the change in energy consumption pattern was observed during the economic crises.
After the IMF crisis in 2007–2008, the decrease in energy consumption due to the structure effect was
evident. On the other hand, during 2006 financial crisis, energy consumption was mainly reduced
by the intensive effect. This means that the industrial structure of Korea’s manufacturing sector
has been transitioning to a low-carbon industrial one since the IMF crisis. Moreover, energy saving
and restructuring of each industry is noticeable. Third, the factor decomposition by each industry
indicated that energy saving by intensity effect was achieved in the fabricated metal, primary and
nonferrous metal, non-metallic, and textile and clothing industries. For instance, the energy intensity
of the fabricated metal industry rapidly improved as it was reorganized as a high-value industry
(e.g., semi-conductor industry). A traditional energy intensive industry, primary and non-ferrous
metal, was found to have been the most effective in energy saving during the study period. However,
the petroleum and chemical industry, which is also categorized as energy intensive industry, was
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found to have deteriorated in energy intensity. Thus, the improvement in energy intensity is different
even among the energy intensive industries. Thus, distinct countermeasures should be applied to
each industry to improve energy intensity and achieve low carbon industry structure. In particular, to
improve the energy intensity of the manufacturing sector, it is urgent to improve the energy intensity
of the petroleum and chemical industry.

In conclusion, the results suggest that the improvement in the energy efficiency of the
manufacturing sector and countermeasures against climate change can be achieved by industrial
restructuring and industry-specific energy saving policies. As compared to other advanced countries,
energy saving is an urgent problem in Korea, where the industrial sector consumes a large proportion
of the county’s energy. Therefore, unless production is reduced (activity effect), industrial restructuring
and improved energy intensity are the only solutions.

This study also provides the following policy implications. First, for energy savings in the
industrial sector, Korea must consider a low-energy intensive industrial restructuring. To do
so, the country must transit from energy-intensive industries to less energy dependent high-tech
manufacturing, or even information and communications industries so that it is able to reduce energy
consumption while maintaining economic growth. Alternatively, energy intensity can be improved
by increasing the proportion of high-value products in a particular industry (e.g., steel). Although
the process of restructuring industries and products takes time, improving energy intensity can be
achieved in a relatively short time. New energy-saving equipment or processing technology should
be introduced to improve energy intensity. Research and development on energy efficiency should
be expanded and systematic financial and technical support related to these measures should be
continued by the government.
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Appendix

Table A1. The activity effect of additive LMDI factor decomposition by industry (rolling base year).
Unit: thousand TOE.

FT TC WP PP PC NM PM FM OM

1991–1992 67 61 −3 165 2566 380 456 222 20
1992–1993 87 152 19 38 1871 646 1566 391 79
1993–1994 92 68 10 263 2215 751 1665 621 140
1994–1995 127 121 −8 183 1861 886 2145 195 385
1995–1996 102 −97 1 179 2677 228 753 1132 −30
1996–1997 −17 82 12 30 3936 −7 617 494 6
1997–1998 −177 −385 −80 −510 −2090 −1843 −577 −572 −512
1998–1999 4 12 2 −357 1394 411 280 1004 −280
1999–2000 84 195 −11 115 3333 585 1491 856 420
2000–2001 15 60 4 0 368 275 56 431 −17
2001–2002 57 −5 17 119 1081 330 1320 858 386
2002–2003 6 −264 1 −7 295 324 875 575 −40
2003–2004 66 −112 21 −7 2001 63 1495 864 547
2004–2005 −142 −88 8 31 2187 −124 1224 544 358
2005–2006 3 91 5 9 1490 401 493 796 297
2006–2007 91 77 14 85 3454 475 616 1082 −563
2007–2008 18 73 −8 78 2454 120 1581 946 27
2008–2009 31 36 −9 −113 −427 −36 −2296 74 46
2009–2010 26 −136 −19 −185 3001 384 4116 1734 278
2010–2011 87 331 11 265 4880 54 3277 1316 169
1991–2011 624 272 −12 381 38,548 4304 21,151 13,563 1716

Note: FT: Food and tobacco, TC: Textile and clothing, WP: Wood and wood Products, PP: Pulp and publications,
PC: Petroleum and chemical, NM: Non-metallic, PM: Primary metal and non-ferrous, FM: Fabricated metal,
OM: Other manufacturing.
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Table A2. The intensity effect of additive LMDI factor decomposition by industry (rolling base year),
Unit: thousand TOE.

FT TC WP PP PC NM PM FM OM

1991–1992 56 −114 −24 27 2596 96 157 −52 569
1992–1993 −62 −157 −15 100 −89 172 −159 −87 47
1993–1994 61 106 16 −60 54 −290 −1469 −303 52
1994–1995 7 31 −5 −118 −1302 −534 −1391 −1451 1606
1995–1996 −53 127 14 29 −900 −732 79 1061 −230
1996–1997 −75 18 −2 26 4065 82 −468 −7 631
1997–1998 −44 582 37 235 3265 194 649 354 536
1998–1999 −40 276 31 578 −1070 −132 625 −253 952
1999–2000 −41 −40 22 −184 −1947 −362 −794 −747 719
2000–2001 −82 −171 −1 −92 105 −166 −175 −461 696
2001–2002 14 1 −1 −55 1108 −131 −657 −527 184
2002–2003 20 5 −8 −10 807 −61 −537 −471 565
2003–2004 −62 −84 6 −7 −557 −551 −1087 −545 177
2004–2005 120 −227 −46 −132 −545 −236 −1007 −225 −48
2005–2006 −60 −408 −7 −89 378 −236 686 −432 −757
2006–2007 38 −132 16 −159 612 −271 −1571 −438 −4650
2007–2008 −137 −252 3 −173 −1647 −316 989 −376 −81
2008–2009 −7 −137 30 39 2100 −523 265 −282 −14
2009–2010 87 263 27 186 −968 −216 1525 −503 182
2010–2011 −96 −365 −21 −315 −376 268 238 −351 −497
1991–2011 −354 −678 73 −173 5689 −3947 −4102 −6096 640

Table A3. The activity effect of multiplicative LMDI factor decomposition by industry (rolling
base year).

FT TC WP PP PC NM PM FM OM

1991–1992 1.0456 1.0253 0.9835 1.1252 1.1783 1.0733 1.0395 1.0999 1.0107
1992–1993 1.0589 1.0645 1.1256 1.0212 1.1118 1.1133 1.1318 1.1644 1.0407
1993–1994 1.0548 1.0242 1.0504 1.1750 1.1187 1.1267 1.1407 1.2496 1.0682
1994–1995 1.0740 1.0443 0.9571 1.1167 1.1056 1.1466 1.1716 1.2731 1.1089
1995–1996 1.0601 0.9628 0.9986 1.0884 1.1346 1.0569 1.0447 1.1423 0.9966
1996–1997 0.9968 1.0290 1.0672 1.0108 1.0986 0.9960 1.0447 1.1059 0.9853
1997–1998 0.9074 0.8651 0.6094 0.7519 0.8965 0.7531 0.9565 0.8561 0.8418
1998–1999 1.0047 1.0043 1.0483 0.7976 1.0617 1.0751 1.0057 1.2496 0.9148
1999–2000 1.0542 1.0681 0.9455 1.0725 1.1418 1.1083 1.0995 1.2627 1.1307
2000–2001 1.0152 1.0220 1.0246 1.0017 1.0102 1.0478 1.0062 1.1368 0.9920
2001–2002 1.0322 0.9985 1.1137 1.0744 1.0191 1.0536 1.0833 1.2090 1.0984
2002–2003 1.0013 0.9131 1.0045 0.9961 0.9988 1.0477 1.0550 1.1515 0.9847
2003–2004 1.0437 0.9592 1.1276 0.9963 1.0668 1.0345 1.0977 1.1918 1.1251
2004–2005 0.9133 0.9636 1.0408 1.0239 1.0692 0.9950 1.0809 1.0866 1.0775
2005–2006 1.0061 1.0335 1.0282 1.0097 1.0346 1.0690 1.0026 1.1429 1.0820
2006–2007 1.0497 1.0327 1.0792 1.0619 1.0801 1.0790 1.0686 1.1520 1.0575
2007–2008 1.0234 1.0321 0.9591 1.0617 1.0823 1.0354 1.0340 1.1197 1.0144
2008–2009 1.0179 1.0171 0.9564 0.9303 0.9626 1.0333 0.9087 1.0572 1.0158
2009–2010 1.0048 0.9409 0.9119 0.8782 1.0821 1.0639 1.1235 1.1638 1.0723
2010–2011 1.0580 1.1575 1.0530 1.2092 1.1102 0.9857 1.1061 1.1037 1.0945
1991–2011 1.4903 1.1278 0.9420 1.3121 3.6006 2.2467 3.0983 14.2634 1.9173
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Table A4. The intensity effect of multiplicative LMDI factor decomposition by industry (rolling
base year).

FT TC WP PP PC NM PM FM OM

1991–1992 1.0381 0.9543 0.8590 1.0195 1.1805 1.0180 1.0134 0.9779 1.3464
1992–1993 0.9595 0.9375 0.9082 1.0702 0.9867 1.0290 0.9866 0.9666 1.0155
1993–1994 1.0393 1.0471 1.1175 0.9571 0.9946 0.9510 0.8894 0.8937 1.0126
1994–1995 1.0030 1.0139 0.9621 0.9275 0.9271 0.9167 0.9006 0.4610 1.6088
1995–1996 0.9682 1.0501 1.0931 1.0192 0.9495 0.8803 1.0124 1.9509 0.9457
1996–1997 0.9551 1.0069 0.9932 1.0158 1.2044 1.0152 0.9665 1.0151 1.1664
1997–1998 0.9689 1.2351 1.2556 1.1610 1.1555 1.0067 1.0503 1.1109 1.1938
1998–1999 0.9728 1.0896 1.1836 1.4002 0.9509 0.9804 1.0524 0.9418 1.2422
1999–2000 0.9748 0.9795 1.1238 0.9021 0.9112 0.9393 0.9482 0.8093 1.0641
2000–2001 0.9441 0.9474 0.9924 0.9535 1.0030 0.9726 0.9869 0.8745 1.1096
2001–2002 1.0136 1.0004 0.9795 0.9611 1.0407 0.9818 0.9593 0.8810 0.9804
2002–2003 1.0143 1.0114 0.9651 0.9953 1.0300 0.9963 0.9660 0.8851 1.0822
2003–2004 0.9605 0.9773 1.0101 0.9966 0.9718 0.8911 0.9317 0.8875 0.9643
2004–2005 1.0805 0.9265 0.8005 0.9272 0.9728 0.9422 0.9361 0.9706 0.9593
2005–2006 0.9590 0.8503 0.9602 0.9486 1.0091 0.9641 1.0607 0.9266 0.8797
2006–2007 1.0314 0.9453 1.0781 0.9031 1.0107 0.9607 0.8906 0.9540 0.4034
2007–2008 0.9085 0.8918 1.0177 0.8898 0.9394 0.9329 1.0993 0.9642 0.9722
2008–2009 0.9974 0.9352 1.1520 1.0261 1.0742 0.8707 0.9960 0.9205 0.9928
2009–2010 1.0651 1.1315 1.1373 1.1394 0.9610 0.9714 1.1495 1.0000 1.0438
2010–2011 0.9401 0.8499 0.9084 0.8004 0.9774 1.0776 1.0313 1.0060 0.8442
1991–2011 0.7975 0.7407 1.4466 0.8842 1.2081 0.4760 0.8031 0.3028 1.2745
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